WO 2009/086296PCT/US2008/088005 COUNTER-PRESSURE FILTRATION OF PROTEINS
CROSS-REFERENCE TO RELATED APPLICATIONS [0001]The benefit under 35 U.S.C. 119(e) of
U.S. Provisional Patent Application Serial No. 61/017,418 filed December 28, 2007, the disclosure of
which is inc8YBI4tEE%&tein by reference, is hereby claimed. BACKGROUND B G Re Disclosure
100021 The disclosure relates generally to filtration methods for the purification of proteins. More
particularly, the disclosure relates to the low-shear, counter-pressure sterile filtration of proteins
susceptible to damage By EHRAHBrEF By RENEHERASIlIVENIStdiR) BIS0¥Scoagulation cascade
proteins), for example when being transported in a fluid. Brief Description of Related Technology
100031 Purified protein‘aR s LR BENGIAORERAS EILARRIL. A LIRS of therapeutic uses. A
purified prgiei mixiure. preparad for jausion nippatients pust be sterlized prior o e, 4 suitable
sterilization process for some proteins inclutles membrarie fitration of & purl ied prof'eln mixture. The
filter meniarané(dant bé fsixk Btocretairt fi. 8 Jrarovishiontthef protdin mixture) patticotatey,
microorgmeﬂg%égggpcﬂmggs, while the proteins are able to pass through the membrane. (0004]
However, some proteins are not efficiently recovered as purified, sterilized proteins using conventional
methods such as membrane filtration. Thiggf{iegidgmostpronounced when attempting to filter proteins
that are shear-sensitive and/or part of the blood coagulation cascade. An example of such a protein is
the von \Wilksb rdriblefRdtotofudF), which circulates in plasma complexed with factor VIl and assists in
the regulation of biological blood coagulation activity. Specifically, the VWF proteins are sensitive to
shear fort¥¥dudéy g&;(ﬂ%‘%r@&fﬁ%&@ﬁﬁde AlraHeparahgdrier edvticipagicular when the

VWF protgigginassdhonghrpsaa filleidnembranel @e Wheir-flowssanstictions aagdeircuitous flow
paths in the neighborhood of filter membrane pores result in particularly large velocity gradients).

Thus, whEH AP PIRL ST SPARRE 4eTasrdi P prelltradas idasiy GBS R BE8Fable process

flow rates)lincreasedkflowdatad{ pnddihne)atcampanyingdntrease insmeuces shirad. forces) tend to
reduce process yield, for example by damaging or destroying the proteins, and/or by reducing the
filtration rBreebVestinpeion 008BIakdcbedimylipgit would be desirable to develop a method of filtering a
purified VWE mixture in a manner that does not substantially damage the vWF proteins, yet which
method stiPBkmits diiseon RiBRHTEEESs RigHtiEGE Mfanbhiate) BIRY fihtbeaRditionally, it
would bedesiralierta-develep afittering¢pathod.ganeistyapplcaieimany peeieRdsueh that the
general protein can be filt?éeql ‘gﬁg., sterile filtered) at an (zf}g]ci nt rate Withc;fuet} ifncurri?% substantial
damage thfiogs BF R YSTEIA SUMIARY 1 6006 £ T HE G S S HBIRGE < EHET & Filtering a protein
in a liquidbneiXitur erincithexakatthedilcontinuous awan he s that Woesinagi.sybstanttailyrtlamage or
otherwise_limit the recovery.of,the protein in the filtration filtrate. The method generall lies a
counter pP R S AR PR e e
The disclospeinithiad: Hasatheardvantage that relatively high filtration flow rates can be achieved at
relatively low pressure differentials, in contrast to high pressure differentials which actually reduce the
filtration fIBW’iﬁ\te BPPIotEirs B ARG s b s IeRHE et adcP reidtide FTIHSERTAIRIEI of the

protein thatis nitialiyipresaniiodheliguignaixbmee [PRAGaln ey strsprchdheredsevided a method
of filtering a liquid protein mixture, the method comprising: proyjding a liquid mixture at a first pressure
(P1), the TGP ARG SSRGS Gt AT 2 BHOHETR SEAFREEBhCEISHbR (S Hative to the
carrier ligeishadad AndispersedCentaminasit; passinghthé]liguichdibdure thydughhachiltertotesn a filtrate
at a second pressure (P2), the filtrate prising .the. carrier liquid and the protein at a second
concentrél'gi8na%18§§%qglt?\:}(g%g %ﬁge}%%%?rlimqﬁrfé ,dv%ﬁgésré?n%% & H%%ﬁ%lqs?fgg) '?8&5?3?8??5 élt least a portion of
the dispetseghtrangifant fiarectfiealiyuibiomivdtt reo tend, aappiying v tosmeripressoraitedthe filtrate to
ensure that 3 rers e Aifferentialie 8 fistiandiserendpresauies PR s gigater than 0
mbar and not moré than about 300 mbar. [0006b]hi a second aspect, there is provided a method of
filtering aPf§hiipYEten PRk B IhB FHOTIBE ESmPASIRGOPT SONSHG ETIE Ny mikwikaatlafirst pressure
(P1), the ligid mixtuse aospRiisnErasariRrlisic @ RIS st aengentatien (L) relative to the
carrier liquid, and a dispersed contaminant; passing the liquid mixture through a filter to form a filtrate
at a secoRdrBELurkIED, ) HRE AHFARSSURISHET R T RYNEIGM BIFGSHE pPotisH 4 esssdsnd
concentratoim:tZ)reelat vy to thes caknesskquidwwies ¢indhrefiltenispsizad donemave: atdeast a portion of
the dispersed contaminant from the liquid mixture; and, .applying a.counter pressure to the filtrate to
ensure (1A prBSUIE el S Eet et Frak APt SCACRA BPALAL A o1 )T greater than 0
mbar andyiélds. andvebagediltrageiftoia raterofagt teastiatzout 300 g/min.m2 of filter surface area. 2a
100071 More specifically, the disclosure provides a method of filtering a liquid protein mixture.
According to one embodiment, the method includes providing a liquid mixture at a first pressure P1
and passing the liquid mixture through a filter to form a filtrate at a second pressure P2, and applying a
counter pressure to the filtrate such that a pressure differential P1 - P2 is not more than about 300
mbar. In another embodiment, the method includes the steps of providing a liquid mixture at a first

pressure P1, and passing the liquid mixture through a filter to form a filtrate at a second pressure P,,
and anniviinAa a corintar nreaccrirea tn the filtirate ciifficiant to vield an averane floww rate nf the filtrate of at




[0008] In yet another embodiment, the method is capable of filtering an aqueous protein mixture, and
includes the steps of providing an aqueous mixture at a first pressure P1, passing the agueous mixture
through a porous membrane filter to form a filtrate at a second pressure P2, and applying a counter
pressureftmiie filtkateguahythata pessuee ditierentialR} « R2isoaaiimesethanaheed 90/mbar. The
aqueous mixture includes water and vVWF at al.fiﬁst WO 2009/Q %296P_CT/U82 08/08800
concentrAHSHE TAZRIT TS WSt THESHTA 1aTd8S Water ARIWTE e SPE S8
concentrgtinp&ailetatvieto, thewaterst epoaious (nenfbranedilter ircladésporadisinedlfrom about
0.1 um to about 0.5 um_, 100091In any of the above embodiments, EiEe rotein is preferably a
shear-ser‘?’&ﬁ%ﬁgﬁrdg%f%}%%]ié’/gfi ‘é‘%@gygg%hfgﬁoﬁ{ggggﬁeﬁy& rglﬁéf.l %F aénrﬁ,/ rg?%%dfqeul%g:s preferably
recoverethin fediliratbrsuchtbat berbbovdrie atig @2 Ciltésedl astedbognOras, witbretpreferably at least
about 0.99, Additionally. the, pressure, differential Pl.- P, is preferably not more than about 90 mbar and
the first plPeCsugﬁ?é E’L%Sél%j}é%le?aﬁ at %east aboutﬁiool%bar gauge. Preferred embodiments of the above
methods include those in which the carrier ligjiidlggsrwater, and/or the dispersed contaminant includes
microorganisms. The protein can include von Willebrand Factor, Factor VIII, Factor XlII, and mixtures
thereof. Tjpedidter preferahly-hetated & pesduisaniinbiane fiiesihavintqodesisized dfratheabout 0.1 pm
to about 0.5 um, more preferably sized at about.0,2 or.about 0.22 um, .Preferably, the filtrate
product ig) %tﬁﬁgfla%ci?éﬁiﬁ‘r&éemgfq ﬂ1¥5 gfgpc)éé)rﬂssen ?:Sour?t%%%gr%%.df%l%]cﬁff?ttr}laet?gﬁs%??@%éin under the
applicatiorcofvepuntérepressure s ther édoverylthemriteingantiighyralativeacanoéntrations, high
relative fifale oW fiof AUd HbANRILGROSIAL Bl taptales dnshaig ot glbaryiae atainable

in the abgence_ of counterpressure. This is in contrast to the general application of filter theory at least
with respdtetdstlestirarndhaatbe whiskHqsetiRius tpar thebfis St mbanBeviFiee a3 8%ith increasing

pressure gifferential acress the.filtetdie difdheahsenceof.co rRssrek: {0 LIurther

embodiments and advantages will be apparent to those of ordinary skill in_the art from a review of the
following Hetah@erericrigtien ftakdwarradifiinetion witHad! Arithvin THAmild tE CoipBSisAS, films, and
packets dgscribee-hensinargisusceptitleefembadimaatglinyasiousmiormsdiaedesesiption hereafter
includes specific embodiments with the understanding that the disclosure is illustrative, and is not
intended {006} the didcledine depthe Spedfiprevisddimetisiddstiived héaiin IBFRIEADESCRIPTION
OF THE RRAWING. /0% 2ltwa drawing figures.are.appended heisto-testacilitaig theadgsstanding of
the disclosure. WO 2(109/086 96PCT/US2008/088005 -4- 10014 1Figure 2 is a comparisan of
filtration reBRIAOHATREIGLIAFE L OGN ERGRA AT SHEH Mo Ao SR Bt ar &8s éMttration
method. REEAHsED:RRSGRIP PN 1001H1d hexmethotudrscibedhéreinisigenenallyeapplicable to
the fillration purigation. Al e Lol A, lquid mixtie i AADBEBALdogs gt bataniially damage
or otherwiSe fimit tH recovery of the prgteln gﬂl}lng e filtration. In addition to the protein, the liquid
mixture al$d)indhitescatbariatdiditeidricherdispersder dontarhifarrne salser igaas tdisuspending
medium farsHardprotainanthisaet aengraliwmlimitedn, prpiered canrier lisuidiswateniSimilarly, the
dispersed contaminant is not p rticult%limited nd ca inclugtféan dispersed solid mﬁ\terdal that is an
undesiradTBS RS HBbASHE I T RS ALIHB P IBt HRPSES RN I BIES of & st FFatish bperation,
the dispetsed eshtahmoanthgeaeraBoihohides any of a variety of microorganisms (i.e., bacteria) that

might be ﬁ&g@gt in theyliquid. mpdure, [00461The disglased method i padinylarlypieferably applied to

the filtrati roteins that are shear-sensitive, part of the human blood coagulation cascade, or both
(i.e., som& b BpRSEscIBPERRG FIE VIR tnbgrisreiseeriduzalHotresnEatseibiilieshd blood
coagulation gascase,prateins)-180kikS heastsansiti i prateinsthahai@ stitable fotpurifitation using
the disclosed counter-pressure filtration method include those that are ceptible t e,
destructio%?%@%n 0 aagc%t%ﬁf S? a%%lfgpgi Erué% Betion %e;?llt?g%l%ﬁl?atée\?v%%%%rgﬁ%%?rﬁgia%glg%g%gﬁsion ina
carrier liquidetvatiisrckraradianizéd Bisigniticansisadar forees (ieidangtiteypraige veberyratadients). In
general, 8, shear-seRSityePIRRINdIR RIGtRINWhIChaxRibits ARIBY e Se.Rf opastienalityibetween
filtration rate and applied shear (or applied pressyre) above a critical ﬁpplied shtear gor&py:talied
pressure) PIHECHHRA RIS SHLHP TGP %ﬂéﬁeéj}%‘ﬁgd’?&“&f’mﬂﬂ%ﬁ TS DEREENR'S Sirectly
proportionat itations bipufertfiltratioasnateddificcapgiiedvsheahd dirsppliespressuse) rend afvinversely
proportional relationsiip (1.6, ;liANSIRR.QecHIHNG Mhendng: tltalion ris s ahamaimwm) may be
different fGr various shear-sensitive proteins. For example, critical applied shéar can be at least about
2000 s-1 (@Ffataasst about 4000 s-1) and not more than about 8000 51 (or not more than about 12000
s-1). However, the qualitative behavior for different shear-sensitive proteins is expected to be similar. A
shear-sensitive protein includes VWF, although the disclosed method is not particularly limited thereto.
While VWF exists in plasma in a series of oligomeric/polymeric forms having molecular weights
ranging from about 1,000 kDa (kilodalton) to about 20,000 kDa based on 520-kDa



WO 2009/086296PCT/US2008/088005 dimers, the disclosed method is not necessarily limited to a
particular molecular weight range. 10018]The disclosed method also is generally applicable to the
purification of proteins in the human blood coag@kation cascade (i.e., coagulation factors). For
example, coagulation Factors Il (about 37 kDa molecular weight), VIl (about 50 kDa), VIII:C (about 260
kDa), IX (gl S5Bra spealipuat! ¥ Ok} - Ms(aboriviOes ldlamktXdl (alxnutizde kipad, pAtvdr(discussed
above), and combipations thereof, 7(sn%rgqei of \%I}écehmaelﬁo re ?hgar-serfl itive, can be e,ftficiertltly filtered
and recoveré ﬁ'sinﬁct%ulﬁgér pressure. U61or8ome partll%ﬁ “érﬁ? }rﬁcéiférir%?japb%ﬁeaq b}‘réltrgiﬁsainclude
single profemgsanireaR; EadimsXy Hor WA anduruttiprateinfdemibifation$i Such as sefactor _
VIII:CIVW lgXx. protein mu IS i rly. shear-sepsitive,. hut which is
still favora%ﬁ/g%ﬁ%r%d @ﬁg@@éﬁfﬁ%gﬁﬁe{ig}?&g’%ﬁgﬁéﬁ @ﬁ%ﬁs}%ﬁjﬁdﬁ (T:%(S)%uégig ]tr%:"rgﬁ%izt%r bypassing
activity (v&porheatsdnos ditaoiecib AV Bakesr, D eeefibtd ctbhedanerintherngbddoeldtoispontaneous
bleeding apd/oxdreathemorhilin A/BRAaNs:dheEEIBA VR mixtus ineludes Racters 11, 1X, and X
(mainly non-activated), Factor VII (mainly activated), and Factor VIII:C (about 1 to 6 units/1M). The
FEIBA VHIFfReEhe Besenlomd mithetisd of Confirprusslinrein il YHE BrotelieheeRe e be filtered
at relatively high filtration Sates i Aﬁtlﬁéf%g@ﬂ@%&iﬁ%@%ﬁ@ﬁ%&\@%‘ﬂh%%ﬂ%@o@r@%ﬁﬂrﬁﬁs applied.
[0020] The liguid mixture containing the protein and the dispersed contaminant is then purified by
passing tHfd %ﬁﬁi’cﬂ"ﬁ%&ﬁPé%rgﬁl‘@H“é‘#ﬂkéﬂ@iﬁ%&%@?&lﬂéﬁ%é@ﬂé@ém&wm&iﬁﬁ%closed method
are not pasisetanydimite daand caninclugeslriageafilter siipsexamplansieas-engkfifigrsdi.e., in which

the fluid to be fijltered perpendicularly ap roaches the filter surface) and cross-flow filters (i.e., in which
the fluid td B e FRGCHAVEIRPAT e 5 ﬁﬁf@%ff&%ﬂﬁ?&&@j‘. SBETEGIR - BRI ERCEBedia of
Chemical Jeabnainglols 3@epm #B8:853t (Hrilttapion ) 4thiecdisheR3). chhefiltens: alom ate not
particularg/. limjted Wi}Q respect to their classification size (i.e., the size above which dispersed material
is retained'on Igiﬁﬂler'and the size below which dispersed material passes into the filtrate). Once a
filter classification size is selected for a particular application (i.e., dispersed material to be retained vs.
dispersed W¥Eal to pagsartorthesmetat@rens R éldnﬁ@%jpéfaﬁgﬁ’één%io@ﬁﬁ@lfh@%ﬁbunt of
shear genefiates binshe aasterliguis fdowingithioughdheditericlativerte the:sheanseqsifivily of the
particular protein being filtered. 100211 A prefe ilter.medium.j orous membrane, which is
ik ik e St Gttt Wil bl Sl el et e S
to about 5VANOIXOPSIOS 62S6R UF BS2008I0 8300 S1reuging mupfiguaiverse (Blgr, filteruiscs, filter

cartridges);ifthe ROLOUS FMERRRRE aan %fﬁfiﬁ%‘edcfé%h ials sueh s celiasenitiategellulose
acetate, vinyl polymersgoﬂ%%mides, fluorocarbons, and polyethersulfones. The porous membrane
2]

includes pOTRSYEHERA 4 iy ififortAcSR thaPR Qs SRR ap SHH R BRAE BI%E of the
dispersed dgestd@minalnhtd ememeved rémmthaticandinnixterenkier pxawnple,tie Slenletfiltratieon
operations, re i ' [ ' int e filter
membranc e B A e S N ot o'
vim, or ab@0f B0 B thgTAdeHE ¥ 25#im, for example about 0.2 um or about 0.22 um. Suitable porous
membrane filters can also include both a 0.2 um/0.22 vim filter and a coarser (e.g., about 0.45 von)
prefilter tof@éfHpvelthraughtet gﬂ@ﬁm gakéawstmd I.'atm@tthé ﬁl@@ﬁ/@@ﬁ%mﬂp@@u rface. .
Examples of.aiahle sermetHipLegrous mamhian fiss e siedls Witptlon obliguid gixtures with
proteins include a SARTOBRAN P 0.2 um cellulose acetate membrane (including both 0.2 Um filtration
pores andze prakikes WeRBT HeURARY DUS MRS B pErEsTay dilEBle e Fr oA GItIS G,

GOttingenpggﬁmwﬁgq BonhiRGREKY @ dummmebathersutopemembrana (availalie from Pall
Corporation, East Hills, NY). BOOZZ]Fi ure 1 illustrates the flow of the liquid_mixture_through a filter

apparatus’ebBofsr BkarhpHE 2dahdgE fitePFESiRy A Foletiedreitan A TIEtER, the liquid
mixture enters the sealed filter apparatus 100 via an inlet 110 into an inlet chamber 120. The fluid in
the inlet chamber 120 is pressurized, having a first pressure Pl that is generally above ambient
pressure (i.e., about 1 bar absolute). The first pressure Pl in the inlet chamber 120 drives the canier
liquid and the protein in the liquid mixture through a porous filter membrane 130. The material passing
through the filter membrane 130 forms a filtrate including both the carrier liquid and the protein in a
filtrate chamber 140. The fluid in the filtrate chamber 140 is also pressurized, having a second
pressure P2 that is less than the first pressure P1, but which is generally above ambient pressure. The
purified filtrate then exits the filter apparatus 100 via an outlet 150. The flow rate through the outlet 150
(and the second pressure R7) is regulated via a counter pressure regulator 160. [0023] The pores of
the filter membrane 130 are sized to remove at least of the portion of the dispersed contaminants
contained in the liquid mixture, retaining the removed dispersed contaminants on the inlet-side of the
filter membrane 130 (i.e., in the inlet chamber 120). Preferably, the filter membrane 130 is sized to
remove substantially all of the dispersed contaminants initially contained in the inlet liquid mixture;
thus, the filtrate is substantially WO 2009/086296PCT/US2008/088005 -7- free (or free) of the

dispersed contaminants. Specifically, the filtrate should not contain the dispersed contaminants in an
amonitint that worild advercelvy affact the 11ca nf the filterad and niirified nrotein mivtiire ac a tharaneritie



generate a low-shear environment that does not substantially damage, destroy, or reduce the activity
of the protein. The low-shear environment further does not substantially limit the yield of the filtration
process. [0026]Specifically, it has been observed that a low differential pressure can be used to obtain
both a relativ&i$ AH 4G substantially constant filtration rate. In particul &€ HUSW i SAtial pressure
can be applied to obtain an average filtration flow rate of at least about 300 eimimmz2, for example
about 300 g/mimm- to about 1000 g/minm2 or about 400 g/min-m- to about 800 g/minm2, where the
units are massoffiltiate (cRy-gramscatiar lithid and:proteiascombinad)pbiaimed percunit time (i.e.,
minutes) and norrpalizgd oer unit sé%iage argg of the filter %e mﬁ)f '_I'hellov_v differe‘n,ti_a% Fressure
resulting froRT T& WO 200870862 6P AT SIETRIGBE 0B Rl AtEH BF KO TErS rdetiF Riso can
generate absubstanially genstant filiration rate, in particular after completion of a start-up transient,
thus improving the net capacity of a filter. In contrast to the observed filtration rate at a low differential
pressure (&A6%n contrast fohgeheraldittbationditeahy, wiiich imptiésdbiatdhbefiltration vateasproportional
to the diff [ )  acK iite hig ifferential pressur é’ Kol %?V hout 100 mbar)
tends to G e B e Wherenta
pressuresioiraieleedt Gboutctovembated-atleastdbouBo0 mbamare pmbbtédhositain thevaverage
filtration flgwyatesphsemedindhediscloged metbod d0Q2l ELBNELLILNAS Begnphserved that a low

differential pressure can be used to obtain a high recovery of the protein. Specifically, substantially all
of the prof®iintpaitddiiadin prasetie in: i eigbitlresiahrere pE sgvered TRitR&diltrate. For

example, whesiadist conganisation-Ghrepresrithiie sancenttationof the.rreteinkelativeto the
carrier liquid in the injtial liquid mixture, and a second concentration C, represents the concentration of

the proteiff FelATRAESE FRBWa R IGERLCFS R TRBETIHAAE, TSP IRBGRAPT A 1Y et disclosed
filtration niethed qreferablsabledst ahaliht: 8beathdraora peefreably Rtdeashalaut §;880§0028] The
disclosed method of ougrlrter-gressure filtration is ugﬁful when a[i;)_lied to proteins hecause the method
provides ARTNARR E BTG OT the TtratlGR oW rAtR U Prd ¥t €86 ds tHir B LREHTS Wive the liquid
mixture thepleghithieofiltengeneralysprovideran exaessive fRecstHie thatraesulisirbighisiear rates,
which, in turn, lead to filter pluggin and protein damage. It is generally difficult, if not impossible, to
regulate °SiMGIE PIESEUFELBTER Felative to the ambient pressure such that the resulting differential
pressure i low. enpugh.and sufficiently.constant to result in an average,flow rate through the filter
that s ooy o B N B T B e
pressure thehredfitirate ksidie dfthe process fiod, h@wwaya ﬁifétath/é.twhigthqowﬁmtsotjaﬁe (ie., the
first pressyie B, Gan-be aceutately counter bajanced.(fr.1ithhe speand pressire P2) to obtain a
low and substantially constant pressure differential (i.e., Pi - P2)* Examples [0029]The following
examplesHFSSEFeviHEE ForsEtistsdadisrechstaiianal 4o fintitienérsepe brfhe'iHvEsteH. {Examples
1-3 WO 2Q09/R86286F talel WR2AQBLRI0MANMRGRESVETIADIgS (Bl filtek RizR a0tk fype) on filtration

efficacy, for example based on the recovered activity of vVWF in the filtrate, the average flow rate of the
filtrate, antr RS HOMHEFIEPLERIET (R FHFEESE: YoBs PR AR aqleRIL R Mixture of recombinant ONT
("rVWF:Rco") having an activity of 125 IU/ml and concentration of 1159 ug/m1(bicinchoninic acid
("BCA") ad®¥p of was preparearisdirein @dvmreeionsibagrrramior 81258 of sl eiar-weight
salts werepiged-tgragiustdnewbrane pemeladiveaflitieimbdptetomaes efnfudotnsl albubd00
mOsmol/1 (milliosmoles/liter), respectively, Because mples 1-8 were intended to isolate the fluid
dynamic e%\‘é‘gfgg(e %] 1? 1l‘lseh(telc%ler) ggﬁl Pﬁgltb% i%{hlrrllsthaennellJ 6%%%?%%‘3%?%%@? no other di g%grgt}:d
contaminamtbw@imeate Hatereuy fobastdriadasthietienibeowdifanismdeovrethiey prodimepiveridhdbitied to the
mixture. Tﬁ&?d&@m{z@ﬁ%e{ﬁgs s AAURCHSHIAUIL: PRI, ae SHMmATEethin dabigbsutablant - Liquid

Mixture Compasition for Examples 1-8 Mixture Corn sonentConcentration rVYWF:Rco0125 1U/m1

Protein (BEAHESE PRI SERHPESBEE Dthydrate4.53 WI Glycin1.16 g/1 Trehalose10.26 g/1
BRIEF DESCRIPTION OF THE DRAWING

[0012] Two drawing figures are appended hereto to facilitate the understandiﬁg of the

disclosure.

[0013] Figure ] is a cross-sectional view of an axisymmetric cartridge filter for use in the

counter-pressure filtration of proteins.



Mannitol20.52 g/1 Polysorbate 80 ( 0:1 stock dilution)1.03 g/l Water-For-Injection (WFI)Balance
100321The aqueous liquid mixture was then tested in the following manner. A test volume of at least
about 500 ml of the mixture was added to a pressure-resistant stainless steel vessel. The outlet of the
vessel was BEhHUERA the inlet of a (steam-sterilized) sterile filter with BH/EEEEEIERF silicone
tubing. A second section of silicone tubing with adength of about 10 cm was attached to the outlet of
the sterile filter housing. The filtrate effluent from the sterile filter was collected in a beaker placed on a
balance toomgnitat ¢he filirationmatesorhe idanoe wasiinterfaceddvithma competartelrecord at set
intervals the total amount of filtrate collected.as a. ' f time. 100331 In Examples 1-7, a
SARTOBRAND B! hﬁr%agé)ﬂh?ggre] ac rtféstsemr%éﬁrﬁg@r‘aéﬁe ﬁtt?elr%%ncluding a 0.45 um prefilter) was used. In
Example 8, a SUPOR EKV 0.2 um pelyeilerpyfpne merphnang filter was used. Examples 1-3 used
disc membrane filters, while Examples 4-8"liSed cartridge membrane filters. The filter surface area of
each filtgiim providechialables2: BAAERS086206 RGIIISROR/ 0880051340 10084 Iof each of
Examples 1-8, the test valume of the aqueous liquid mixture was filtered at constant. re. In
Example® e hgL b ?]iaﬂf Rixtdre en %rrllir%{(t%lloeesspegr?i( euhfttg? L gﬁlga&ﬁzl i% g‘r%g}sﬁ%gi §cr)?g‘ljabout 100
mbar gatigeréceveaboihi drden absolgtsy, Hassdror thd ditightodhthiweluntire dfflifldiigédthg the sterile
fiter from, o stplpless Siee! NRT89hI, BXRMAES Al FEA CAIBRIRSSESLAll wagyise o provide the

pressureaosfotlile aqueous liquid mixture entering the sterile filter, which pressure ranged from 150 mbar
to 300 misneadimmicstedhi fOTHIIRIRtelR ExXhinpe sena2 by imerbrésBIRE TR SABFEVER T performed
(i-e., he quitlet tubeof thesterile. fitarwas-oReR 16 sbeatnesanergaedhadiliate anptied into the

collection beaker); thus, the pressure differential driving the filtration was egsentially Iﬂe é)ressure of
the aqueBBIERAdHHMRAETENEANG LEhta? FEMERARM TR 41035 AP $HEELGR: WHE % pplied to
the filtratg;hyatiacbingsanktiohigpingralampie theauttet subenofthexsterilfitetuddeupressure

differential for Examples 5-8 (indicated in Table 2) was estimated based on the average filtrate flow
rate mea%ﬁ?ev&ﬂﬂﬁ fy %g?ﬁf%ﬁ%%ngf nb 6}crla A'\\EIE\{ m:ehtlb nt 1n ‘%e lﬂlllg ml:s?mrg.

14€ 11 TeS,

uthéRkno pressure gr%p-ﬁow rate characteristics of the
commergigh s yefl, J2030 (S0 Hallun R heRmRle, R Mt AR MBI grAliRLtl after the
aqueous liquid mixture test volume wa prepared. However, in Example 5, the mixture was filtered
after an dlgheteoticdeiaystovexerinbthn)pote hirtbHraerbiap L dh HEUBEISséaMethod. 100361
Table 2 symmar éﬁ%&m‘? isstparameters forarch el Examniem LiBor-seable anditsation Test
Parameters for Examples 1-8 Example:123456 Surface Area (m2)0.0017 0.0017
0.00170.0250: 6150 D150 08698 )Pore Size (ntn)0,45/0.20.45/0.2 0.45/0.2 0.45/0.20.45/0.2 0.45/0.2
0,45/0.20.2 Pressure Counter _Press.uret!?{c%NoNoN(% esYesyesyes 1429371 The results of the filtration
tests are A thar2S@WMOPARIE 8T TANE S e Hittrate PUH USIRE

counter-pressure filtration method include those that are susceptible to damage, destruction,

loss of activity, and/or a reduction in filtration rate when transported as a suspension in &
carrier liquid that is characterized by significant shear forces (i.€., relatively large velocity
gradients). In general, a shear-sensitive protein is a protein which exhibits an inverse
proportionality between filtration rate and applied shear (or applied pressure) above a critical
applied shear (or applied pressure). The critical applied shear (or applied pressure) at which a
transition between a directly proportional relationship for filtration rate and applied shear (or
applied pressure) and an inversely proportional relationship (i.e., a transition occurring when
the filtration rate is at a maximum) may be different for various shear-sensitive proteins. For
example, critical applied shear can be at least about 2000 s”! (or at least about 4000 ) and
not more than about 8000 s™ (or not more than about 12000 5. However, the qualitative
behavior for different shear-sensitive proteins is expected to be similar. A shear-sensitive
protein inciudes vWF, although the disclosed method is not particularly linmited thereto.
While vWF exists in plasma in a series of oligomeric/polymeric forms having molecuiar

weights ranging from about 1,000 kDa (kilodaiton) to about 20,000 kDa based on 520-kDa



amount" represents the mass of filtrate (i.e., including water and any recovered vVWF) obtained during
the individual test. For Examples 1-4, the filtration test was performed until the filter became plugged
and substantial amounts of filtrate could no longer be obtained. For Examples 5-8, the filtration test
was perfornfed AtiP&98ral hundreds of grams of filtrate were obtained,%%ﬂ[fﬁ%‘)?g@?%%s terminated
while the filter was unplugged and still capable of>\WO 2009/086296PCT/US2008/088005 further
filtration. The "filter capacity” entry in Table 3 represent the filtrate amount nomialized per unit area of
filter surigieerd hise-HidarsExamplelsi Sr8tindicates YHantid filttepoapadityrisleclowey@stimate of the actual
capacityi, ige}gmuch as the filter did not become plugged during the test. The "average flow rate" entry
in Table ?;lrép'resents the filtrate amount averaged over the course of the test and normalized per unit

area of fii&%ﬁ §;J rfagg. fidble 3 nRiHatioRResuis fay Exarpnies:d BExamplaod & 3418/ 78 Filtrate
Amount (g) 77 5.4 5.1 75 390 720 1080 550 Filter Capacity (kg/m2) 16 3.2

the human biood coagulation cascade (1.e., coagulation factors). For example, coagulation
Factors 11 (about 37 kDa molecular weight), V11 (about 50 kDa), VIIE:C (about 260 kDa), IX
{about 53 kDa to about 70 kDa), X {about 100 kDa), XIII (about 350 kDDaj, vWF (discussed
above), and combinations thereof, some of which also are shear-sensitive, can be efficiently

filtered and recovered using counter pressure.

[0019] Some particularly preferred purified proteins include single proteins such as Factors
X1 or vWF and multi-protein combinations such as a Factor VIILC/VWF complex. A
preferred protein mixture that is not particularly shear-sensitive, but which is still favorably
filtered using counter pressure, is a FEIBA VH mixture {“factor eight inhibitor bypassing
activity (vapor heated),” available from Baxlter, Deerfield, 11.) that can be used to control
spontaneous bleeding and/or treat hemophilia A/B patients. The FEIBA VH mixture includes
Factors 11, I, and X (mainly non-activaied), Factor VII (mainly activated), and Factor
VII:C (about 1 to 6 units/ml). The FEIBA VH mixture benefits from the use of counter
pressure in that the protein mixture can be fiitered at relatively high filtration rates with little

to no loss in protein activity when counter pressure is applied.

[0020] The liquid mixture containing the protein and the dispersed contaminant is then
purified by passing the liquid mixtare through a filter. Filters suitable for use according to
the disclosed method are not particularly limited and can include surface filters, for example
dead-end filters (i.e., in which the fluid to be filtered perpendicularly approaches the filter
surface) and cross-flow filters (i.e., in which the fluid to be filtered travels parallel to the filter
surface). See, e.g., Kirk-Othmer Encyclopedia of Chemical Technology, vol. 10, pp. 788-853
(“Filtration™) (4m ed., 1993). The filters also are not particularly limited with respect to their
classification size (i.e., the size above which dispersed material is retained on the filter and
the size below which dispersed material passes into the filtrate). Once a filter classification
size is selected for a particular application (i.e., dispersed material to be retained vs. dispersed
material to pass into the filtrate), the filter should be operated considering the amount of shear
generated by the carrier liquid flowing through the filter relative to the shear sensitivity of the

particular protein being filtered.

[0021] A preferred filter medium is a porous membrane, which is generally available m

. ) : _ ,
various sizes (i.e., filter surface area; for example ranging from about 0.001 m” to about 5 m)



3.0 5.0 >26 >48 >36 >25 Avg. Flow Rate (g/mimm2) 290 148 72 53 330 410 450 760 [0038iFrom
Table 3, it is apparent that the counter-pressure filtration of proteins significantly increases filtration
capacity and flow rate. At even moderately low applied pressures ranging from 100 mbar to 300 mbar
for vWF and*H&tiiZ6tilters (where the utilized filter cartridges can withStHHG LM pressures
ranging from about 2 bar to about 5.5 bar), Examfles 1-4 indicate that filter capacity is low and rapidly
decreases with increasing pressure. In contrast, when a counter pressure is applied to the filtrate to
reduce theduesSprerdifferentiafi Exdimplgs B8 muiibissubstamtially tergdrfiltratiohccapaicities and flow
rates. This, anselved beprvieLIeRRgiedAsTICh as Uisle aic Aansiallcharacterized by a
direct proportlonaﬂtycbetween the filtration flow rate and pressure ditferential:’Q Ap - = -Eqgn. (1) A teR
In Equatidwp(eyadasstiadineatishefiolazae (Votutne i mrarper urvdpney s e Hiidrstiface area,
Ap is the,pressurgdifferential actass.the: filtsr, piis: theuvisgosity @f thepfluidikeing:filtared snd R is an

empirical reSistance of the filter medium. The similarity among the results. of Examples 5-8 further
indicates tREYV Gt eh Efitd B ESUREFepreSsEr R Mratib A TAN Bgfe“b?aiﬂ%?f By VSR Silter media
and/or filter,sizesy [RQ381 e timerdependant filliatiomdataaés endiliatacaltectaehasadunetion of time)
for Examples 4 and 6 are shown in Figure 2. Fram Figure 2, it is apparent tpat the hi%her pressure
differenti ISV EXGBRPATFEURETRPY RASEi0Sly hid FiltkatiohPate BVPthie AP 618 ifutes of the
filtration t@sh:doweMBRothsohighes pressue Miffereptial imExampiBeda@se fesultuimsiamore rapid
plugging of the filter. In contrast, the use of countergressure in Example 6 lowers the pressure

differentiBPEaNa BRETPiERT NGB GATARS. BHEdrAhA YAt the it fASIBAARSABE dF about 10 minutes
to about I, minutesnierianpiessipe diierrptial WA RAOYNE6296RATHYS20A8/088005

0.2 um/0.22 pm filter surface. Examples of suitable commercial porous membrane filters for
the sterile filtration of liquid mixtures with proteins inciude a SARTOBRAN P 0.2 pm
cellulose acetate membrane (including both 0.2 um filtration pores and a prefilter membrane
having 0.45 pm filtration pores; available from Sartorius AG, Géttingen, Germany) and a
SUPOR EKV 0.2 um polyethersulfone membrane (available from Pall Corporation, East
Hills, NY).

[0022] Figure I illustrates the flow of the liguid mixture through a filter apparatus 100, for
example a cartridge filter having a porous membrane. As illustrated, the hiquid mixture enters
the sealed filter apparatus 100 via an inlet 110 into an iniet chamber 120. The fiuid in the
inlet chamber 120 is pressurized, having a first pressure P, that is generally above ambient
pressure (i.e., about 1 bar absolute). The first pressure P; in the inlet chamber 120 drives the
carrier liquid and the protein in the liquid mixture through a porous filter membrane 130.

The material passing through the filter membrane 130 forms a filtrate including both the
carrier liguid and the protein in a filtrate chamber 140. The fluid in the filtrate chamber 140
is also pressurized, having a second pressure P; that is less than the first pressure Py, but
which is generally above ambient pressure. The purified filtrate then exits the filter apparatus
100 via an outlet 150. The flow rate through the outlet 150 (and the second pressure P3) is

regulated via a counter pressure regulator 160.

[0023] The pores of the filter membrane 130 are sized to remove at least of the portion of
the dispersed contaminanis contained in the liquid mixture, retaining the removed dispersed
contaminants on the inlet-side of the filter membrane 130 (i.e., in the inlet chamber 120).
Preferably, the filter membrane 130 is sized to remove substantially all of the dispersed

contaminants initially contained in the inlet liquid mixture; thus, the filtrate 1s substantially



creates a low-shear filtration environment that prevents the filter from becoming plugged by vVWF,
thereby increasing the filter capacity and filtration flow rate over the life of the filter, and further
resulting in a filtration flow rate that is substantially constant. 100401 As summarized in Table 4, the
filtrate of ea'ﬁ]ﬁ’ﬁ?qg@ﬁ?ﬁ?ﬂes 1-3 and 5 was also analyzed to measure the eV PR Binant vwF in
the filtrate to determine whether the filtration process adversely affected the concentration of the
recombinant VWF present inthe initial aqueous liquid mixture. In the absence of counter pressure,
ExampleBetBifdicaté thaiieverehoterateinionSpresserbditfe retiial slanddenhagsast déstroy proteins

during fi!ﬁﬁ%&io fsemam%&?ﬁﬂ%@mm%H]e&,&h%gmmeileryéA_\{Fah@&nglmfcwmegm@m@t pressure

differentials of 200 mbar and 300 mbar. This filtration loss iS avoided by the use of counter pressure,
as showniEdafstenanivheraihd tHisasUFEUTETFRaEIHEN FrPfﬁ‘é’?WPF.‘F%i‘?ﬁ desrlieniFation occurred and

only a 4%,desigase indhadsasisedpieimiBRA) sanish ocoy Rl dhugs substantially all of the
protein that is initialIB/T- present in the aqueous liguid. mixture can be recovered in the filtrate. Table 4 -
t

Recover!§aaaARit 1 thel R e B S f5ekt 818 52FAVF:Rco (1U/m1) Protein (BCA) (p.g/m1l)

125 1159 n/a 1054 69 724 69 715 126,1113 Examples 9-20 100411.Agqueous %(i)la t'gns containing
Factor V ﬁ%\%ﬂe téﬁ%?e%f TR @%ﬁ%Bﬁ%ﬁ(‘ﬁ%ﬁt@?&% hﬁél 1§&E‘1%(‘R@f\ﬂ€ r%lz?/il%erth% determine the
effect of saurtefoprassurie gmfilﬂ;va&iogmfﬁpac@,%r(@ogam@l@tb%écﬁ@h the fitep seface@rea required.
In Examples, 9, COMURIBRASHEGNTANn.NaS nakerlermedaths piial.appliadprassuce was 100

ar. In Examples 14-16, the pressure differential was 200 mbar, and in Examples 17-20,
the pressurbeitfarsrtbines s tuekantd K5 HRan2rsechisar 2198 Shfasd erb{GrEaER filter was 1.2

m2. Tablg,3 ¢apRRs.the gact%b/l{{éﬂsr@yéweépﬁwr}%ﬁ@reﬁH@ﬂ% apdpgld far @ach experiment.
WO 2009/086296PCT/US2008/088005 -13-

suitable source, for example a conventional valve (illustrated in Figure 1 as the counter
pressure regulator 160}, to obtain the second pressure P, of the outlet filtrate. Additionaliy,
the counter pressure also can be applied by a flow constriction, obstruction, etc. along the
length of the outlet 150 path. As a resuit of the first and second pressures Py and Py, the
applied counter pressure generates a (positive) pressure differential Py - P, to drive the carrier
liquid and the protein through the filter and into the filtrate. The pressure differential is low,
with suitable maximum pressure differentials depending of a variety of factors, for example
the particular protein being filtered and the particular filter being used. In particular, the
pressure differential is preferably not more than about 300 mbar, 200 mbar, 150 mbar, or
120 mbar, more preferably not more than about 90 mbar or 50 mbar, even more preferably
not more than about 20 mbar or 10 mbar, for exampie not more than about 5 mbar or not

more than about 3 mbar,

[0025] At such differential pressures, the flow rate across the filter 1s iow enough to
generate a low-shear environment that does not substantially damage, destroy, or reduce the
activity of the protein. The low-shear environment further does not substantially limit the

yield of the filtration process.

[0626] Specifically, it has been observed that a low differential pressure can be used te
obtain both a relatively high and a substantially constant filtration rate. In particular, a low
differential pressure can be applied to obtain an average filtration flow rate of at least about
300 g/min-m”, for example about 300 g/min-m” to about 1000 g/min-m” or about

400 g/minmE to about 800 g/min»mz, where the units are mass of filirate (i.e., grams carrier
liquid and protein combined) obtained per unit time (i.e., minutes) and normalized per unit

surface area of the filter (l.e., 1112'). The low differential pressure resulting from the



Table 5 -- Recovery of ['VIII in the Filtrate Exampl _ .1 10 Dead 11 end filtration 71(7-72-73 [12 ?
~.1-1369841...,1...... _6'7 8filtration 9 20 --- Counter-pressure
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application of counter pressure also can generate a substantially constant filtration rate, in
particular after completion of a start-up transient, thus improving the net capacity of a filter.
In contrast to the observed filtration rate at a low differential pressure (and in contrast to
general filtration theory, which implies that the filtration rate is proportional to the
differential pressure across the filter), a higher differential pressure (e.g., above about

100 mbar) tends to decrease the rate of filtration. Thus, conventional filtration methods,
which apply differential pressures of at least about 100 mbar to at least about 300 mbar, are

unable to attain the average filtration flow rates observed in the disclosed method.

[0027] Further, it has been observed that a Jow differential pressure can be used to obtain a
high recovery of the protein. Specifically, substantially all of the protein that is initially
present in the liquid mixture is preferably recovered in the filtrate. For example, when a first
conceniration C; represents the concentration of the protein relative to the carrier liquid in the
initial liquid mixture, and a second concentration C; represents the concentration of the
protein relative to the carrier liguid in the final filtrate, then a recovery ratio C»/C, of the
disclosed filtration method is preferably at least about 0.95, and more preferably at least

about 0.99.

{0028] The disclosed method of counter-pressure filtration is useful when applied to
proteins because the method provides accurate control of the filtration flow rate. Pressure
sources that are used to drive the liquid mixture through the filter generally provide an
excessive pressure that results in high shear rates, which, in tum, lead to filter plugging and
protein damage. It is generally difficult, if not impossible, o regulate a single pressure
source relative {o the ambient pressure such that the resulting differential pressure is both low
enough and sufficiently constant to result in an average flow rate through the filter that is
sufficiently low to avoid protein damage and substantially constant. By applying counter
pressure to the filtrate-side of the process fluid, however, a relatively high pressure source
(i.e., the first pressure P,) can be accurately counter balanced (L.e., with the second pressure

P») to obtain a low and substantialiy constant pressure differential (i.e., Py~ Pa).

Examples

[0026] The following examples are provided for illustration and are not intended to hmit

the scope of the invention.

Examples 1-8

[0030]  An aqueous liquid mixture of the shear-sensitive, biood coagulation cascade protein

vWT was sterile filtered to determine the effect of pressure (and counter pressure) and other



ne volume e (ml) 695 670 702 684727'717 650 707 704 Filtrate volume (m1) 685 667 696 617 687
696 667 719 708 640 701

WO 2009/086296 PCT/US2008/088005
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process variables (e.g., filter size and type) on filtration efficacy. for example based on the
recovered activity of vWF in the filtrate, the average flow rate of the filtrate, and the ability to

scale up the process.

{00311  An aqueous liquid mixture of recombinant viWF (“rVWF:Rco”) having an activity
of 125 IU/ml and concentration of 1159 pg/ml (bicinchoninic acid (“BCA”) assay) of was
prepared for use in each of the following Examples 1-8. Low-molecular-weight salts were
added to adjust the pH and osmolarity of the mixture to values of 7.3 and about

400 mOsmol/l (milliosmoles/liter), respectively. Because Examples 1-8 were mtended to
isolate the fluid dynamic effects (e.g., shear) on the protein in the neighborhood of a filter, no
other dispersed contaminants or materials (¢.g., bacteria, other microorganisms, or other
proteins) were added to the mixture. The components of the aqueous liquid mixture are

summarized in Tabie 1.

Table 1 — Liquid Mixture Composition for Examples 1-8

Mixture Component Concentration
rVWFE:Reo 125 TU/Mml
Protein (BCA) 1159 pg/mi
Sodium Citrate Dihydrate 4.53 g/l
Glycin 1.16 g/l
Trehalose 10.26 g/l
Mannitol 20.52 g/l
Polysorbate 80 (10:1 stock dilution) 1.03 g/
Water-For-Imjection (WFT) Balance

[0032]  The aqueous liquid mixture was then tested in the following manner. A test volume
of at least about 500 m] of the mixture was added to a pressure-resistant stainless steel vessel.
The outlet of the vessel was connected to the inlet of a (steam-sterilized) sterile fitter with a
first section of silicone tubing. A second section of silicone tubing with a length of about

10 em was aitached to the outlet of the sterile filter housing. The filtrate effluent from the
sterile filier was collected in a beaker placed on a balance to monitor the filtration rate. The
balance was interfaced with a computer to record at set infervals the total amount of filtrate

collecied as a function of time,

{6033]  in Examples 1-7, a SARTOBRAN P 0.2 pum cellulose acetate membrane filter
(including a 0.45 um prefilter) was used. In Example 8, a SUPOR EKV 0.2 um
polyethersulfone membrane filter was used. Examples 1-3 used disc membrane filters, while
Examples 4-8 used cariridge membrane filters. The filter surface area of each filter 1s

provided in Table 2.



698 Number of filters 10 10 155 157 10 8 55 6 5 Total filter area On) 12 1218 6 18 8.4 12 9.66 6 7.2
6 Activity before filtration (11J/m1)
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[0034] For each of Examples 1-8, the test volume of the aqueous liquid mixture was
filtered at constant pressure, In Example 1, the aqueous liguid mixture entering the sterile
filter had an applied pressure of about 100 mbar gauge (i.c., about 1.1 bar absolute), based on
the height of the column of fluid feeding the sterile filter from the stainless steel vessel, In
Examples 2-8, clean compressed air was use to provide the pressure of the aqueous liquid
mixture entering the sterile filter, which pressure ranged from 150 mbar to 300 mbar, as
indicated in Table 2. In Examples 1-4, counter-pressure filtration was not performed (1.e., the
outlet tube of the sterile filter was open to the atmosphere as the filtrate emptied into the
collection beaker); thus, the pressure differential driving the filtration was essentially the
pressure of the aqueous liquid mixture entering sterile filter. For Examples 5-8, counter
pressure was apphied to the filtrate by attaching and tightening a clamp to the outlet tube of
the sterile filter. The pressure differential for Examples 5-8 (indicated in Table 2) was
estimated based on the average filtrate flow rate measured durin g the filtration and the known

pressure drop-flow rate characteristics of the commercial filters used.

{0035]  Generally, in each example, the mixture was filtered shortly after the aqueous liquid
mixture test volume was prepared. However, in Example 5, the mixture was filtered after an

eight-hour delay to examine any potential effect of storage on the disclosed method.
10636] Table 2 summarizes the test parameters for each of Examples 1-8.

Table 2 - Filtration Test Parameters for Examples 1-8

Exampie: i 2 3 4 5 6 7 8

Filter o B

Membra;?e hsc Disc Disc Cart, Cart. Cart. Cart.  Cart.
Configuration

Surface Area (m’) 0.6017 00017 00017 0015 0015 0015 003  0.022

Pore Size (um) 0.45/02 0.45/02 045602 04502 04502 04502 04502 0.2
Pressure : S

Counter Pressure No No No No Yes Yes Yes Yes

Applied Py (mbar 100 200 300 150 300 300 300 300
gauge}

Differential Py—P; 100 200 300 150 2.6 3.2 35 3.8
{mbar)

[0037]  The results of the filtration tests are summarized in Table 3. In Table 3, the “filtrate
amount” represents the mass of filtrate (i.e., including water and any recovered vWF)
obtained during the individual test. For Exampies 1-4, the filtration test was performed until
the filter became plugged and substantial amounts of filtrate could no jonger be obtained. For
Examples 3-8, the filtration test was performed untif several hundreds of grams of filtrate

were obtained, and the test was terminated while the filter was unplugged and still capable of
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further filtration. The “filter capacity” entry in Tabie 3 represent the filtrate amount
normalized per unit area of filter surface. The “>" for Examples 5-8 indicates that the filter
capacity is a lower estimate of the actual capacity, inasmuch as the filter did not become
plugged during the test. The “average flow rate” entry in Table 3 represents the filirate

amount averaged over the course of the test and normalized per unit area of filter surface.

Table 3 — Filtration Results for Examples 1-8

Example: 1 2 3 4 5 6 7 8
Filtrate Amount (g) 27 5.4 5.1 75 390 720 1080 550
Fiiter Capacity (kg/m’) 16 3.2 3.0 5.0 =26 >48 >36 >25

Avg. Flow Rate (g/min-m’) 2580 148 72 33 330 410 450 760

[0638] From Table 3, it is apparent that the counter-pressure filtration of proteins
significantly increases filtration capacity and flow rate. At even moderately low applied
pressuzes ranging from 100 mbar to 300 mbar for vWF and the utilized filters (where the
utilized filter cartridges can withstand maximum pressures ranging from about 2 bar to about
5.5 bar), Examples 1-4 indicate that filter capacity is low and rapidly decreases with
increasing pressure. In contrast, when a counter pressure is applied to the filtrate to reduce
the pressure differential, Examples 5-8 exhibit substantially larger filiration capacitics and
flow rates. This observed behavior is unexpected, inasmuch as filters are generally
characterized by a direct proportionality between the filtration flow rate and pressure

differential:

g:% Egn. (1)
A uR

In Equation (1), O is the filtration flow rate (volume or mass per unit time), 4 is the filter
surface area, Ap is the pressure differential across the filter, p1 is the viscosity of the fluid
being filtered, and R is an empirical resistance of the filter medium. The similarity among the
results of Examples 5-8 further indicates that the benefits of counter-pressure filtration can be

obtained using variable filter media and/or filter sizes.

[0039] The time-dependent filtration data (i.e., filtrate collected as a function of time) for
Examples 4 and 6 are shown in Figure 2. From Figure 2, it is apparent that the higher
pressure differential for Example 4 results in a refatively high filtration rate over the first 10-
15 minutes of the filtration test. However, the higher pressure differential in Example 4 also
results in a more rapid plugging of the filter. In contrast, the use of counter pressure in
Example 6 lowers the pressure differential and the initial filiration rate. Specifically, after the

initial transient period of about 10 minutes to about 15 minutes, the low pressure differential



96 102 86 122 124 96 105 90 136 135 137 135 Filter capacity (ko/rn2) 57.9 55.8 39.4 103.8 38.8 83.6
57 75.7 119 08.3 98.2 117.3 Average Activity Yield
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creates a low-shear filtration environment that prevents the filter from beconnng plugged by
vWF, thereby increasing the filter capacity and filtration flow rate over the life of the filter,

and further resulting in 2 filtration flow rate that is substantially constant.

[0040]  As summarized in Table 4, the filtrate of each of Examples 1-3 and 5 was also
analyzed to measure the level of recombinant vWT in the filtrate to determine whether the
filtration process adversely affected the concentration of the recombinant vWF present in the
initial agueous liquid mixture. In the absence of counter pressure, Examples 1-3 indicate that
even moderately low pressure differentials can damage or destroy proteins during filtration,
with up to about half of the recombinant vWF being lost during filtration at pressure
differentials of 200 mbar and 300 mbar. This filtration loss is avoided by the use of counter
pressure, as shown in Example 5, where no measurable reduction n the r'YWE:Rco
concentration occwrred and only a 4% decrease in the measured protein (BCA) content
occurred. Thus, substantially ali of the protein that is initially present in the aqueous liquid

mixiure can be recovered 1n the filirate,

Table 4 — Recovery of vWE in the Filtrate

Example: Stock 1 2 3 5
rVWF:Reo (1U/ml) 125 n/a 69 69 126
Protein (BCA) (pg/ml) 1159 1054 724 715 1113

Examples 9-20

[0041]  Agqueous solutions containing Factor VIII were tested on SARTOBRAN® filters,
with a SARTOCLEAN pre-filter, to determine the effect of counter-pressure on filtration
efficacy, for example, based on the filter surface area required. In Examples 9-13, counter-
pressure filtration was not performed; the initial applied pressure was 100 mbar to 500 mbar.
In Examples 14-16, the pressure differential was 200 mbar, and in Examples 17-20, the
pressure differential was reduced to less than 150 mbar. The surface area of each filter was
1.2 m%. Table 5 contains the Factor VIII activity before and after filtration and yicld for each

experiment.



106 119 100421 The preceding data demonstrates that far less filter area is required when
counterpressure filtration is employed for the same amount of active substance. Counter-pressure
filtration stabilizes the filtration, and when differential pressure is optimized, the average activity yield is
improved. EXSAi¥E89%95 100431 Solutions containing Factor Xl were” @?@%ﬁ’(géﬁlur)
POSIDYNE(r) N66 nylon filter to determine the efféct of counter-pressure on filtration efficacy, for
example, based on the recovered activity and protein concentration of Factor Xlll in the filtrate. The
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for each CX'T‘C!’:.".".]C:".‘:. We-2665/686296PCHHIS2668/686866514~Tabte-6—RecoveryofEXIIl in the
3 %

SIS 842526 oUnter-pressufs fitrtion Deadend filratioad- Afivity Hefore

Filtrate Xarhple: 2%
filtrationg¢ W. ~161. 715811872 1188 Activity after filtration (TU/m1
Vol 685 1 667 | 696 | 617 | 687 | 696 %67 719 708( 640 | 701 | 698

{ml}

Number of {ilters 10 10 15 ) 13 7 i0 g 5 5 6 5
Total filter area 12 012 18 6 18 | 84 | 12 | 96 6 6 721 6
{m")

Activity before 1y o | yre | as | 504 | 841 | 1371709 11220 10 | 946 | 974 | 895

filtration (IU/ml)
Activity after
fittration (JU/ml}
Activity Yield

112 [ 121 11270 994 1 106 | 133 ¢ 863 | 11.1 | 138 i3 1351 122

86 102 86 122 124 | 96 105 20 136 135 137 135

(%)

Filter capacity 570 | 558 [ 304 | 1038 | 388 | €3.6 | 57 | 757 | 119.5 | 1083 | 982 | 1173
(kg/m’)

Average Activity _

viold 106 119

{0042] The preceding data demonstrates that far less filter area is required when counter-
pressure filtration is employed for the same amount of active substance. Counter-pressure
filtration stabilizes the filtration, and when differential pressure 1s optimized, the average

| activity yield is improved.

Examples 21-25

{0043] Solutions containing Factor XIIT were tested on a PALL® POSIDYNE® N66
nylon filter to determine the effect of counter-pressure on filtration efficacy, for example,
based on the recovered activity and protein concentration of Factor XIII in the filtrate. The
filter area was 0.82 m®. In Examples 21-23, counter-pressure filtration was not performed;
the applied pressure for these examples was 600 mbar. In Examples 24-206, the pressure
differential was about 100 mbar. Table 6 contains the profein concentration and activity

before and after filtration and yield for each experiment.



194.6 179._8 180.2 89.4 184.8 115.2 Activity Yield (%) 89 96 111 120 99 97 Average Activity Yield 99
105 Protein before filtration (.1g/ml) 4.65 5.57 6.285.9 5.66 3.66 Protein after filtration (rig/m1)
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Table 6 — Recovery of FXIII in the Filtrate
Example: 21 22 23 24 2 26

Counter-pressure
filtration

Activity before filtration (fU/miy  217.9 188 161.7 158 187.2 118.8

n

Dead end filiration

Activity after filtration (1U/ml) 194.6 179.8 180.2 189.4 184.8 115.2
Activity Yield (o) 89 96 111 120 99 87

Average Activity Yield 99 105

Protein before filiration (ug/mly  4.65 5.57 6.28 5.9 5.66 3.66
Protein after filtration (pg/ml) 3.59 448 5.04 5.03 525 3.73
Protein Yield (%) 77 80 30 85 93 102

Average Protem Yield 79 93

{0044]  As shown in Table 6, activity yicld and protein yield are substantially improved

with the use of counter-pressure during filtration.

[0045]  The foregoing description is given for clearness of understanding only, and no
ummecessary fimitations should be understood therefrom, as modifications within the scope of

the invention may be apparent to those having ordinary skill in the art.

[0046]  Throughout the specification, where compositions are described as including
components or materials, it is contemplated that the compositions can also consist essentially
of, or consist of, any combination of the recited components or materials, unless described

otherwise.

[0047] The practice of a method disclosed herein, and individual steps thereof, can be
performed manually and/or with the aid of electronic equipment. Although processes have
been described with reference Lo particular embodiments, a person of ordinary skill in the art
will readily appreciate that other ways of performing the acts associated with the methods
may be used. For example, the order of various of the steps may be changed without
departing from the scope or spirit of the method, unless described otherwise. In addition,
some of the individual steps can be combined, omitted, or further subdivided into additional

steps.
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electronic equipmeatn@@ﬁwshfn{%gﬁame\ﬁd@aﬁmn%aﬁ%ztﬁmémo@é@rﬁmﬁg particular
|

embodiments, a person of ordinary skKill in the art will readily appreciate that other ways of performing
the acts associatBPWithee!iethBd iy BEISBEESEYR SxaniprditHi! S ECOIRoEE8Athe steps may

be Qhangeéjax\ﬁiéhﬂbﬁlﬂ?@d@k@wﬂ A AR SGRRARKISAITT ofdeinathed drfessglasciitig otherwise. in
addition, some of the individual steps can be combined, omitted, or further subdivided into additional
steps. dispersed contaminant;
passing the liquid mixture through a filter to form a filtrate at a second pressure
(P,), the filtrate comprising the carrier liquid and the protein at a second concentration
(C,) relative to the carrier liquid, wherein the filter is sized to remove at least a portion of
the dispersed contaminant from the liquid mixture; and,
applying a counter pressure to the filtrate to ensure that a pressure difterential
between the first and second pressures (P — P,) is greater than 0 mbar and not more than
about 300 mbar.
2. The method of claim 1, wherein the protein comprises a shear-sensitive
protein.
3. The method of claim 1, wherein the protein comprises a blood coagulation
cascade protein.
4. The method of claim 1, wherein the pressure differential is not more than
about 90 mbar.
5. The method of claim 1, wherein at least about 95% of the protein present
in the liquid mixture is recovered in the filtrate.
6. The method of claim 3, wherein at least about 99% of the protein present
in the liquid mixture is recovered in the filtrate.
7. The method of claim 1, wherein the counter pressure is sufficient to yield
an average filtrate flow rate of at least about 300 g/min-m® of filter surface area.
8. The method of claim 1, wherein the first pressure (P)) is at least about
200 mbar gauge.
9. The method of claim 1, wherein the carrier liquid comprises water.
10. The method of claim 1, wherein the protein is selected from the group
consisting of von Willebrand factor (vWF), Factor VIII, Factor XIII, and mixtures

thereof,



15 What is claimed is: 1. A method of filtering a liquid protein mixture, the method comprising:
providing a liquid mixture at a first pressure (P1), the liquid mixture comprising a carrier liquid, a
protein at a first concentration (C1) relative to the carrier liquid, and a dispersed contaminant;

passing the liquid mixture through a filter to form a filtrate at a second pressure (P2), the filtrate
comprising the carrier liquid and the protein at a d6cond concentration (C2) relative to the carrier liquid,
wherein the filter is sized to remove at least a portion of the dispersed contaminant from the liquid

mixture; and, ,aPplying.,6UMEEAGSIHG IR the Sitrale PRSI At svpessure differential

between the first and second pressures (Pl - P2) is greater than 0 mbar and not more than about 300

mbar. CTiREgEeiod of claim 1, wherein the protein comprises a shear-sensitive protein. 3.
The method of clgimri, WhersinthepipteiReompisen f:Riood caagiiatiareaseade protein. 4. The
method of claim 1, wherein the pressure differential is not more than about 90 mbar. 5. The

method of €fEFFA GHREYEIRHUHeast about 95% of the protein present in the liquid mixture is recovered

in the filtrate.  16. Tihexsaihperelslaim Shwheravn mitdeashphot L ef therdrairin present in the

liquid mixture is recovered in the filtrate. 7. Tff]e _meg{]g)d oé laim 1, herOe' the counter pressure is

sufficient t8'§RAEPHHRTBRIERS MEARS O RIS SFAT 184 21536 gd(%} ﬂﬁv o!{]ﬁﬂhr surface area.

8. The method ofialaime: natheded dhenfingt, pressiren@Rib)ds atleast abgut20Q miparrgauge. 9. The

method of{ﬁﬁl’aim‘?J2 wherein the carrier liquid comprises water. 10. The method of claim 1, wherein
é

the protein e c%éﬁnfrom the group consisting of von Willebrand factor (vWF), Factor VIII, Factor

XlIl, and mixtured fheresfhdbof {iltting dinuathodoh claimut, Wwhereimotheodisperssd contaminant

E}ﬁhﬁ[ﬁﬁﬁ‘h&%l gg{gtﬁésds_,u bstantially free of

comprises a microorgani RS The gmﬁg f cl 'mﬁl%,\ll1
the disperé’é%lvéolﬁ aminant. 13, The n%th% o@éfé%l. erein the filter comprises a porous

membranesathieporods apestiinana Sovhprisien poredSiy eddomaBsundiEumts.a9duit 0.5 um. 14.

The methogl Ex%l&i ;Ig’énymﬁ{@in the pores are sized at about 0.2 um or about 0.22 um. 15. A

method of tiltering a liquid protein mixture, the method comprisin?: providing a liquid mixture at a first
@

pressure (PI), thePtigging Mixbiadovmprisifgoaeuriionduiora proteneat a retbpicstitfation (CI)

relative to ﬁbgﬁﬂ&fiﬂhﬂ%@nﬁﬂgiﬁgﬁ@e&ﬁ@& GAR@ MDA proteRARSIRSCHR iauidimixise through a filter
to form a filtrate at a second pressureéﬁPZé, the filtrate comprising the carrier liquid and the protein at a
&

second coHearifiativh (eaby rarsivrdiayithe Bersiaimy e hareshienemite: 1 €aLa BT SYe at least a
portion of e gisRessedmantaminaniHram tgeitayiimixtae: and, applying a counter pressure to
the filtrate to ensure that a pressure differential {)etween the first and secon%g%[essur?s (P1-P2)is
greater than 0 mBBPXHHE SR Sh RIGEIIG ARG LR S WF AP fo A 4Y B5BTR 06" §Rth.m2 of filter

surface ar@@tween the first and second pressures (P; — P») is greater than 0 mbar and

yields an average filtrate flow rate of at least about 300 g/min-m? of filter surface area.

16. The method of claim 15, wherein the protein comprises a shear-sensitive
protein.

17. The method of claim 15, wherein the protein comprises a blood
coagulation cascade protein.

18. The method of claim 15, wherein at least about 95% of the protein present
in the liquid mixture is recovered in the filirate.

19. The method of claim 18, wherein at least about 99% of the protein present
in the liquid mixture is recovered in the filtrate.

20. The method of claim 15, wherein the carrier liquid comprises water.



16: The method of claim 15, wherein the protein comprises a shear-sensitive protein. 17. The
method of claim 15, wherein the protein comprises a blood coagulation cascade protein. 18. The
method of claim 15, wherein at least about 95% of the protein present in the liquid mixture is recovered
in the filtrate. 19. The method of claim 18, wherein at least about 99% of the protein present in the
liquid mixture is recovered in the filtrate. 20. The method of claim 15, wherein the carrier liquid
comprises water. 17 21. The method of claim 15, wherein the protein is selected from the group

consisting of von Willehrang JaGPLiii 3, Racken il pFaeiRioWleand mpduesigreof.  22. The

method of claim 15, wherein the dispersed contaminant comprises a microorganism. 23. The
method of ¢9aRtIE, aiNereThitiseransdfcier SyPdtartasior fddl of tHeTidpe K ESHE hinant. 24, The

method of glaigm15, wherein the filter comprises a porous membrane, the porous membrane
comprising pores sized from about 0.1 pm to about 0.5 um. 25. The method of claim 24, wherein

the pores are sized at'SBBINPhAPREFR dBotihEres indispersgd fORIHBAOEAREG 4n aqueous protein

mixture, thgnetheshramprising: providing an aqueous mixture at a first pressure (Pi), the aqueous
mixture comprisi ter and von Wijllebrand facto év F) at a first cancentration (C1) relative to the

water;  passing-th Sﬂﬁ’é}&?ﬁéﬁfxv%%rg §iv'a fgl rgﬁ é%ﬁ%‘?%%gt*%ﬁ r {8%8?;?{ %a filtrate at a second
pressure (HRheibedfitiatenbaumprising the water and the vVWF at a second concentration (C2) relative to

the water, wherein,(hg poroys membrans lter.compiises Rojes, zed 119 ey .o to about 05
pm;and,  applying & Counter pressure 10 the hltrate to ensure that a pressure differential between
the first anthsgoond presburesc(iprRi}dpgrentzethizenoaimbarandmot abore Shapnabout 90 mbar.

27. The method of D 26 WNEISID At 1828 ahout 854 e N preges i fauid mixture i

recovered in the filtrate. he method of claim 27, wherein at least about 99% of the VWF
present in tiheuiduid mixture is recovered in the filtrate. 29. The method of claim 26, wherein the

pores are sized asahoy! 02 P O ARRLL P3RBT prote AP TG BBGL ALelam A wherein the

aqueous mixture further comprises a microorganism population, at least a portion of the population of
which is removedrfibik iheragaEsRIS Mbiure By tREpBrets B mbhaig Regs, mixture

comprising water and von Willebrand factor (vWF) at a first concentration (C,) relative
to the water;

passing the aqueous mixture through a porous membrane {ilter to form a filtrate
at a second pressure (Py), the filtrate comprising the water and the vWF at a second
concentration (Cy) relative to the water, wherein the porous membrane filter comprises
pores sized from about 0.1 pm to about 0.5 um; and,

applying a counter pressure to the filtrate to ensure that a pressure differential
between the first and second pressures (P — P;) is greater than 0 mbar and not more
than about 90 mbar.

27. The method of claim 26, wherein at least about 95% of the vWF present in
the liquid mixture is recovered in the filtrate.

28. The method of claim 27, wherein at least about 99% of the vWF present in
the liguid mixture is recovered in the filtrate.

29. The method of claim 26, wherein the pores are sized at about 0.2 um or
about 0.22 um.

30. The method of claim 26, wherein the agueous mixture further comprises a
microorganism population, at least a portion of the population of which is removed from

the aqueous mixture by the porous membrane filter.



