-1- PROCESS FOR OBTAINING AN IgG COMPOSHION THROUGH HEAT TREATMENT
DESCRIPTION This invention relates to a new process for obtaninn an IgG 5 composition from a
partly purified IgG solution from human plasma, in wncch by applying intermediate heat treatment step
and without usingreagentsfoRpreRiFitaia Fig R oleCulaPWiIGRTraGdr aResIpBIyérs and/or proteins
almost total elimination of the I9G polymers genetataglgduring the process 10 is achieved. In addition to
this, the process offers high productivity, lower production costs and easier implementation in
comparison with the processes in the prior r}gj. S Bwty for the final product in liquid is imparted
through using this process. 15 immunoglob%msiélgggﬁgﬁthe isotype of the most abundant
immunoglobulin in human serum (8-16 mg/m1.), comprising approximately 8fl, of all immunoglobulins.
IgG is indidated férif ré&tertt 6t Vafiohs disedsds BHEIT &8 rintEry fmhiunodeticiehcy I particular
congesital agaramaglebuliraemia20 @ne-hypogammaglobulirmemia, idiopathic-throrabaeytopenic
purpura, as an agjuvant inghe l%tlre tment of Kralwa§aléiéer£§£lats§ ar]i(geigtthg rtgaar}srpel%nt osf @é)ne marrow,
hypogamn?agal(s)gulinalenmig associated Wit yclhr%nic:qymprilﬂocyi?te feukaemia as part 01? the treatment of
'HIV infectiondin paediatric patiénts, aroreE25 othérs. Atthe wesenttimeithbre ihighvdémand for
immunoglohulin.G (I9&)qwhichis palyvalent with awide spegtrymnafhuman aatibodiesard has total
functionality (neutralising capacity, opsonisation, average life conserved), with intact molecules
30(integrit§?BT“EH‘élE‘Fy%?&IIié%l%IetF—’E fragfheRDLaAE BShoPiaf BRStButiBH o GG Sib dasEes SGentical or
equivalentie natiratpasmarespesiallyifon thedninerity subtlasses{(taG3 and fgG4). Thgioutes for
the therapeutic.administration of IgG_may be intravengus, subcu S ' lar, and in
addition 5 Porﬁ%l it rjﬁg)l/%ﬁé’ ag r%‘l"rﬁ%te?é:é) %LﬁcotthgﬁlIe%%sc%osnv%%%?or%%%%%eg @%é%%%smtﬁg%ﬂrﬁ inhaled or
topical routes. Newmgheless intravénotsadrdinitrirRmofférs the ot isetul theFapedticihdications,
whether fog the, treatment,of prippary; mmupedsficiencigs o1 dor; variable egawnen imakmagieficiency 10
(deficit of IgG and IgA subclasses) (Espanol, T. "Primary immunodeficiencies. Pharmaceutical Policy
and Law 2869721 #) 277283)°Secondary or acquired immunodeficiencies (for example infection by
viruses such as cytomegalovirus, herpes zoster, human immunodeficiency) and diseases of an
autoirmurietSstgin fthkdmbEcytoEhic purpirac Kawasskis Syndidiie, ToEExanpieyerRéski, C.
"Immunoglobilin Usedpnanagement:afinflammatony neuropathy wEharmaceuticah Podieyiand Law
2009; 11(4): 307-315). Ideally 19G for intravenous use %Gl\j&ghould be formuéated Z%W}th a high
concentratiStPARGda st preferably SHould BERRSabIE bf Bring sHredUp 5 approximately 30C in
order to facilitate conservation of the product ang imniédrde éfusionidhhas deen descrised that in
order to re %ﬁ\:aggg%@% 19 dpiolerange reaations It i Agcessary thakimmynoglobulig 2a (19A) and

immunoglobuli.n M (IgM), as well as blood group agglutinins, should’be absent, or in an undetectable
quandify. [t38@lso a¥entartad e prddaastvuld be FRRAYTiSe of diFERRRAE Eetivity, Doth
through the.presence akplasmin or-pIASMINEYERe Ok peekallisein o its.acivators, kinins.ee30
kininogen, aorrlg O%%watt}l)%n fg gg%gpslljggtasc;g Ctggréyfar%%&)o(!ﬁa,’ a@y%ncg;gmrgglobul inaemia
associated with chronic 1lymphocyte leukaemia as part of the
treatment of HIV infection in paediatric patients, among

25 others.

At the present time there is high demand for immunoglobulin G
(Ig@) which is polyvalent with a wide spectrum of human
antibodies and has total functionality (neutralising capacity,
opsonisation, average life conserved), with intact molecules
30 (integrity of the crystallisable Fc fragment) and a normal

distribution of IgG subclasses identical or equivalent to



On the other hand the human origin of the starting plasma for obtaining nolyvalent IgG makes it
necessary to reduce the risk of infection through the transmission of viruses or pathogens to a
minimum. As described by Fernandes et al. (ES 500121) and Kira, Y. et al. (EP 196761 and EP
253313), heattreatmerntoineG ie spdutton (liguitkyror frasteutisationy carube pettormed Bifectively in
the presence fprgftggtors against denaturing of the 1gG (e.g. saccharose, sorbitol, amino acids), For
this purpose the soiution is raised to a temperature of approximately 60C for at least some 10 hours,
activating or attenuating the most dangerous pathogens. These pathogens meIty have a lipid coat such
as human iMRuFGEETRTent VirbEHIVIEheBatits € s (HETT ahdHepaiitis'BRirGE THBY), or be
naked, suchras-aokorirus, hepatitis Andruss(HAV) andttSpanmyvirus, amofg dthessidUermosa et al.
"Inactivation and.elimination of viruses during the fractionation of an intravenous immunoglobulin
prepar\éltionlf:!?VcS;(h ésangflt195151;3/56}:361’556-1 giﬁgﬁgféﬁgelg%,pgrslct%%jfisa?t%sr"]? evceonn?ﬁet%rpelp?r%%gnce of 20
stabilisers dRd uPeleP tvé best phscesssdondifibas Sfevitablyrésals ivtieformation of irreversible high
molecular weight protein aggregates such as IgO polymers and/or polymers of other accompanying
proteins, ingreatermer lesser praportianaepedding spea thepudiyf ef-thecstartimgelgGu fdifaq, Y. et al.,
above; and Bistal B, o1 a. £f21225180nd 55 2031160) Qying (he degade 1963:1970.he presence
of irreversibleehlgﬁ molecular weight aggregates known as Igo polymers was asso lated with the
consumpticrieleerpidment foregctivaiontoftheVsarheanticoRplement BEHREACA} 8ufig the 30
intravenous administration of4gG, and thigphenormengryas linkasbto-severe inteleranea-or
anaphylaxis reactions observed polymers in IGIV, or. molecular forms higher than dimers, to a limit of
3% (Eur.PH.MBAGGFApH 6 Brand"CMp E37& &HE 151 i6rmal ivhiiogl6BWin 167 thtrav@Rdis
administrationt4C P MP7BPANGY65%/05xed2)y This cangiderationnsespéeially =impedantfor a liquid
formulation because the eJaiLmust Jse hemaliianed up 1o the expiry daje o the praduct. A
virtually total absence of these IgG polymers must therefore be achieved, both after pasteurisation and

in the final pRECATCEE obtaifiad, trERStRETRAC R FrOdURERIICAGEET Betetiorate over HETHfterm and
ensurgsthe spaymum passikissiorage-temperatura: Al theypresenktime mostef-the: liquiddgG

available on the nﬂarket nd f}grmul%ted with amino aQaldﬁ must maintain an acid pH to avoi
aggregatioﬁﬁénﬁu?ﬁ,Y." 138G ciation of 1&386%39%]@ ITgE;nanfilSél%na:t“ffrat|I(Y5‘?L1nc'§’fgrn%Eralf)lmerﬁ: IgG by acid
treatment”.iFdickund tExp. Med; 8831141 : BBZ:343)¢preferablypbetweernapH-6#4.00 B0 (Tenold,
R. et al. US-4396608) and ata temperature of 2-8C if they are stabilised with 0.2 M or 0.25 M glyaine,
such as those known by the trade names of Gamunex (Grifols SA, Spain), Kiovie. or GammagardT
Liquid (both from Baxter, United States), or up to 25C if stabjlised with.0.25 M praline, such.as
Privigen(r) f Sy e3F1rirI|§,G Ggr?ﬁfanw,tlﬁ%?{a%?% minimis %rcgg@cuI%?%%%;%eg%ﬁio%%ﬁﬁlﬁ%as%%ge (Jones,
S. et ab "Clidical uses ofintravenoustigmanoglobulintuGiin 2Exp. drefianek 2005 0ctéBery442(1):
1-11; HOOP@ép&@lé'”HPV%%Q%%ir%@&‘?@&'@%”"&% eé(g#&f@)@i%a%@ﬂ@eﬁ%iablviﬁ Rregaratiops”. _
Immunol Allergy Clin, North Am. 2006; 28(4): 765-778). It has been demonstrated that an excessively
acid pH ovéP&3bHoRGS & BF 8Rpostrefavblifs e ffAGMettation BT Tg6G tfor éXatipleat a pH of 4.5
or below and at a relatively high temperature, for example at 3.0C (Vermeer, A. et al. "Thermal stability
of immunodlobulie Unfsldingeseadgrégation ofiar nmutticontain proteing. Biophyp.1E: 2000; 78:
394-404; Shyklay, £ £1al "SUalegies Lo address aggregation during profein chrpmatagraphy”.
Bioprocess international, May 2005). Thus for example it has been reported in the literature that 10%
IGIV é8mpd<ibhs BRAuaBIRRE LoprttitRe at'a pH B 4.8 82 afé SUffiGently $table #itRYBgard to
molecular aggregationnbyt atendencefragmentatian-with expostte timecisakserved.cThys at a
temperature of 25C fragments amaount_on average to 3.9% after 3 nths, (Cramer, M. et al. "Stability
10 over 36 Honet o R TR 1005 BB coal st ek IgRo10! Pgensd)
stabilised with [2prol#rezyvex Sangy 2000. DOIR10:119841 4280400260601 P43 8L asmin

or plasminogen, or prekallikrein, or its activators, kinins or
30 kininogen, or coagulation factors such as factor XI/factor

XIa, among others.



It has been described that the formulation of IgG-with polyols or poly-alcohols, for example with
maltose and sorbitol, 15 prevents aggregation (Katakam, M. et al.: Aggregation of proteins and its
prevention by carbohydrate excipients: Albumins and globulin. J. Pharm. Pharmacol. 1995; 47:
103-107) amd hecauserefthisspropery |gGrsolutianisythat afe stable uprtoi2bC HwibkdH% maltose,

trade name Qctaaae) and up to.30 Oé% ith 5% sorbitol, trade name Fiebogammar) DIP) have been
formelatodt i & Shath SlATPHT Fae BRMWEEA S0 2nc bt (e .ot ol atont B 275422

However tivg piesierceicisome sughrs-dedériaativessa 190 formuations has bebn Hrrstivhied in

recent years,(Szenczl 25 £k ah=The gifect of selvent gaviroament on feimation and stapility of
human polyclonal in solution. Biolggicals, 2006; 34(1) 5#?& as some cases of serious kidney failure

have been'asstitiatéd with the inflifon 6f1§G pfaphralions containing Satchdrfse " Sther
disadvantages that maylei 30 presented)by somedmmunagiebukm comgositiongsvithopartiéular sugars

(saccharose) and some high concentrations of 98'%’0%%%2% %@?Sgoggsﬁb&re@éws&@?ﬁ%gy to

increase blood viscosity when infusing the solutions, this being linked'to -6 Some very serious cases
of intravasedlay throf#tsosis afid atute ryostitdiab Rifarction whierethere isirevidlizrdiséase or the

patient is atrisk{Radoseydch, M,1and Burnoug T. HatravgnoussimmunoglofsdinGuFeends in
production methods, ﬁi1§;control and carnality assurance. Vox Sang., 2009) 1-177? Katz, T. and

Shoehfeld 272 REVIBR! fittav@hous fiuhbg i (ReFSpy and tifombodfiboiie cdimplizations.
Lupus, 20G5; {16} 1802-808). ttdws alsodeerndetpeteththat soneesmmsrciabd8EY preducts 10

contain actjve,pracoagylating enzymes, remnants. from their proeess of purification, which have a

marked thromboembolic effect (TEE), and an association between TEE and the presence of factors
XI/Xla andRstEsthér pFocbagiilaiffactdry (e.gkallkFEROr'the liRe) FasiSeeI5roved. Elinfifation of 15
thromboembelicscapagityds assimperative whish musidie fudfilled for 161 Viarfusionsy withamaximum
guarar%tees of tolerance and safety. t\:/ylithout inq1 assoYciateg Waixtp any| aréicu_l\farghgory §h% present
inventdrs d&lieve that the Mam differences between 20 c'urreently marketed 1GIV car be attributed not
only to the ¢érmukatiohdaming acids roggars afidpolyolstawd pHEY bot afsoet 1 process foragbtaining the
IgG, whichwill affect the fin vatignconditionstortheprodugginliouid {(tempeyaiure-time), for
exampleprevent aggregation and 25 fragmentation during storage, among other characteristics. This
dependenéfﬁéﬁv@égn the stability of liquid IgG formulations and their process of purification has been
observed by other authors (Cramer, M. et al. above). This invention therefore provides a process for

obtaining afe36 THG preparatima g wvereomes the problems in théstate pfesence  of

20 stabilisers and under the best process conditions, inevitably
results in the formation of irreversible high molecular weight
protein aggregates such as IgG polymers and/or polymers of
other accompanying proteins, in greater or lesser proportion
depending upon the purity of the starting IgG (Hirao, Y. et

25 al., above; and Ristol, P. et al. EP 1225180 and ES 2091161).

During the decade 1960-1970 the presence of irreversible high
molecular weight aggregates known as IgG polymers was
associated with the consumption of complement for activation
of the same (anticomplement activity, ACA) during the
30 intravenous administration of IgG, and this phenomenon was
linked to severe intolerance or anaphylaxis reactions observed
(Barandum, S. et al. Vox Sang. 7: 157-174, 1962). Because of

this health authorities regulated the maximum content of



the art previously mentioned. The process accordiag-to this invention starts with a material containing
IgG purified by conventional methods, which is additionally purified by heat treatment, also known as
pasteurisation, under specific conditions of stabilising agents, protein concentration, conductivity, pH
and residuabreagent concentratjons:fram1z prevWeus precipitationestepadhatanakedt passible to reduce
otein and proteqlytic enzyme jmpurities. Thig teduction in the impuirities and enzymes ogeurs during
this treatmént and/or dufing a step subsequent to selective adsSorption of the aggregated proteins, but
in any evemcthiese two StEpsasd 2ouexciusively used a8 tarfignsurificatien withiotit istFoducing
separationdeeRnigpRs using precipitation. Therprigr artincludes the ipdustrial scale use of 3.
combinationofaggregate/polymerprecipitationand chromatographic separations, such as described for
example by T°C6a LI Paténts U840 95608 4R 178-4185376F and Uerfura, P bt A Patents
E8-50667%ard ERP=2465/%)awhich describe precipitation /prosessesausing:polyethylene glycol (PEG),
a poorly selective mathad which sauses high resovery lpgses of gG mongmer/dimer (coprecipitation)
which vary grealtjly 2 accor(?ing to the process used. Forexample, if heat treatment is carried out in an
IgG solutiopthad fias it beerPsuficiehtlyBurificef (G YéEaveig{mamsmet/dimePewillfrigtaally be

between 79 angl,801 (Uerunacy, et alsabeve). ta the-gase of purified-lg@ selutipnsibetter recovery
results can 25 be obtained, with 80-901, but for this it is necessary to use complex separation

techrliques“SEH a8 1ahGetiai flow microfiffrationn(TEE) /A HeScritsd e pb RSt REW, et al.,
above). Howeverdhe tHele greceseis associated with a high consumption of precipitation reagents
(PEG), stabiliser 30 (sorbitol) and water for injection, and a number of cleaning-sanitisation operations
which have,to be gonsidetad when equipment is Recessafly; reused. Ibisfurthermorg,asseeiated -8
associated co%gs for codps%‘mabl s and/or energy are high and IY%G monomer/dimer recovery is always
less than J0% “The prssent AlithdrsHhvE devefdheta %F&c%sss Hfoughawhich'the e df réagents to
precipitatedtigh molecalar wkight @ggregatesfpolyiiersaand/or grotein®as slescaibédrin thefprior art has
been.dispenserulih.and syiprisigly gavg achleved, vitialy gial giminatipnof the plymers
generated, with high productivity, lower production costs and easy implementation’in comparison with
the process&§#rif& prior 13 aRCFarthérmore*throudfif the usé 8f this pfdcess, staBility:Has been
achieved fer-the-finalprodietiadiguid, preferably formulated inthepresence afranino agids or
polyalcohols3 an6doi§ may Qe kte::pt intliq%i)d for at Ieastfl gt_e%ro%t a engRerature of l%etgv.elen 2 and 30C
and a pH ot 4.6 ot a)bovg and ur?to 5% 5 ThisTnvention theréfore Teldtes o asp%c%séﬁigr obtaining
an IgG composition Frof apdrtly pifietvigBGrsolutiontfrerm Miman ptasma Whyichconprises the steps
of: a)diafiltering.the pastly, pusified IgG.sojution; b) stabilising the sglution obtained in stepa); 20 c)
heat treating the solution obtained in step b); d) selectively adsorbing the high molecular weight
aggregates afdist pdRmhérs From thiePféattreatéd Sofutiondh $tep c)throdgh Eatiohrcliromatography;
and e) siafiiteringeand #drmulatng the solutivaiabiainedsinstiep 25di.Piirougdifie usesof this
process a significant rg}duction in the high molecular weight aggregates/polymer content, that is to say
those highSr thar the dimar o 166 and other Unsble - Moot ae Agge St c

during storage (Jolles, 3. et al. "Clinical uses of

25 intravenous immunoglobulin". Clin. Exp. Immunol. 2005 October;
142(1): 1-11; Hooper, J.A. "Intravenous immunoglobulins:
evolution of commercial IVIG preparations". Immunol Allergy

Clin. North Am. 2008; 28(4): 765-778).

It has been demonstrated that an excessively acid pH over a
30 long period of exposure favours the fragmentation of IgG, for
example at a pH of 4.5 or below and at a relatively high
temperature, for example at 30°C (Vermeer, A. et al. "Thermal

stability of immunoglobulin: Unfolding and aggregation of a



proteins, is achieved, giving rise to a solution which 30 essentially contains IgG monomers/dimers that
can be formulated in a slightly acid medium, and can be kept in a liquid at ambient temperature without
noticeable signs of instability, complying with the specifications established for its preferably
intravenousof subderianeoys ot ditramusculanuse, Breferably: thegarocess aceqrdigitoithis invention

is performed starting fror urified '?C solution of human_plasma haying an IgO total tdoteins and
determine by% ac%tinc%%ﬁpagoerﬁéﬁ more A&%nrgg‘% %ﬁﬁﬁeészétﬁ% r%(grrg B%f rra%(ff %%r%than 97%,
as phoresisiin eaHilogeaadstite, Btaehapsrtifiedtdensitohretpicallyldan 20 Gecorddriee withrthe method

described inthe fFuropean Rharmacopegia- Assstattingpaterials this, patept considersthe wse of
IgGrich fractions (separated from the fractioning of human plasma to obtain albumin by conventional
methotls kAR6WPCIRAthe D, I56lbvVed By tHdiFappropriaté purificatiorPtd start theprécessaccording

to the inveptian. ddithertq £qld fractionation,ofiplasmawith ethapeh bhased-on.methed 6:y,Cohn (Cohn,
E.J. et al. Separation into Fractions of the Protein and Lipoprotein Components. J. Am. Chem. Soc. 20

1946; 68: 459-478) to"SEPHTAte out&n IJGARITHERGR hostly ContifitiBS i tiSe, &nid'©n ahfindustrial
scale. Thisciraetiore (Er-11H1} orsequivatent{Erdti4k), athictt eontdinsgmest . 3ot therlgG and

plasma, of yariab p%ty3(!‘9£m§!i§¥£’§t"¥%e%§§é}@ 62%.1IgG in relgtion;to the ofhgr proteins), 25

has to be purified more extensively through precipitations with ethanol known as Cohn-Ontley method
9 (Ordley, JeTet 3f.: THESRpardtion oftife anfibodies, d8od&ldipgal immunoglobulin
prothrombig:Rlasminogensndbeta- Hinapreteimintos - ab subtragtions:-30 untj-of tweman plagma. 1949;
71: 541-550) supernatant of concentrated Fr-IIl) is obtained. Another viable alternative is to use the
Kistler-Nist% Iﬁ%}anr%%]Oeﬁ[hoaOI: 10.1111/7.1423-0410.2008.01143.x%) .

It has been described that the formulation of IgG with polyols

or poly-alcohols, for example with maltose and sorbitol,

15 prevents aggregation (Katakam, M. et al.: Aggregation of
proteins and its prevention by carbohydrate excipients:
Albuming and globulin. J. Pharm. Pharmacol. 1995; 47: 103-107)
and because of this property IgG solutions that are stable up
to 25°C (with 10% maltose, trade name Octagam®) and up to 30°

20 (with 5% sorbitol, trade name Flebogamma® DIF) have been
formulated in a slightly acid pH range between 5.0 and 6.0
(Hirao, Y. et al., patent EP-278422).

However the presence of some sugars or derivatives in IgG
formulations has been questioned in recent years (Szenczi, &A.
25 et al.: The effect of solvent environment on formation and
stability of human polyclonal in solution. Biclogicals, 2006;
34(1): 5-14), as some cases of serious kidney failure have
been associated with the infusion of IgG preparations
containing saccharose. Other disadvantages that may Dbe
30 presented by some immunoglcbulin compositions with particular
sugars (saccharose) and some high concentrations of polyols
(10% maltose) 1s the relative capacity to increase blood

vigcosity when infusing the solutions, this being linked to



-10- ler, P. and Nitschmann, Ms. Large Scale Production of Human Plasma Fractions- Vox Sang.
1962; 7: 414-424) as far as precipitate A (or equivalent precipitate A+l), and then purify this to obtain
the GS precipitate, or to the concentrated supernatant (ultrafiltrate) of precipitate S. Using both preci
taticn procedueeswithr ethanahitsis passible-to dbtairzandgGlsalution ¢froosEr: || bsupetnataat, Fr-i+ll,
Fr-11, precipitated GG or supernatant of precipitate B) which complies with.the minimum purity
characteris%?&%co 1 3350% of IIQ% %tﬁ?ou% eé%c??gghggreéi% o cellllose %estg'%ﬁeana%pre e?’ably L97%
of IgG, whiehtisgeguiredsso that it Earrbe us@d deseStatting materiakitfthe praessstaccortling to the

invention. This-coruelts; LG which-is1agceptable; for the iitkamuscylar @ subsHtaneeus gaute into a
preparation which 15 is tolerable for the intravenous route. In any event, at the present time other

preferred ¢BHbINAYORS ArE Ubedto intréase the St ofthe staringHdteriaf (€.9; Frn#iir or
precipitatera.y zfor exampie Sy precipiation. of thevmajority contamimants andlordbésiadsorption on an
resins ?“dé%e'Qgggﬁng%ad%%&b&%%é%%'gﬂhe/'%%hvgggt%%golsﬁ%qig9n%&E?ngs chggmatography,
bentonite, perlite)."Documents Ristol, P. et al. EP-1225180; Lebing, W. et al. EP-0893450; Teschner,
W. et al.: AReéwndlitfuid, intravenous immunoglobulin product (10% IGIV) highly purified 25 by a
state-of-the-art process. Vox sang. 2007; 92(1)42-55 relate to valid processes for purification through
precipitatiarcwitla etheinod, REGror dctanvie @cidhzombinmed withnenr exshangdg ¢hromeatography to
increase the purity of an intermediate a6, fraction (fr example Friiliun to 295% 30.0f19G, and
preferably 897% of gG before proceeding to the “purification treatment in the patent -ll- The
diafiltratiorPFrstepa stithePpiocessccerding’fo- tis iRFERAtich iFeaikfstl JtR VAR aRE"RIpT #ifat the

concentratigrreft-undesitable gamponentssderiwngdrom a-standant:lgG parificationeresass be reduced
below concentration values which can affect the Jrocess according to éhisFinvgntion. For example, one
undesired %mﬁ@‘r%:rﬂriés etﬁ%ﬁ%ﬁ%naa fhr ﬁéh tRis diafiltFation s % ?55 this Should be @%dﬁéed toa
concentration. of lessthand:51 treightiaume) apreferably |esothah. 0. 184 1t othér non-dehatured

precipitatiqn, reagents 10,such as,PEG .qctanqic agids, epmpatible, ponsjgnic,detgrgents gr.any mixture

thereof are present, the concentration of these must also be reduced to less than 21 (weight/volume)
and in any’évent tifl tHey Hornot'Giv¥ rise{oforethan 895 bf pBlyMBREfteP SEFE): A5 Fufthermore, in
this diafiltrat-or step theistariag 46 solution may be adjusted to an ionic strength whose conductivity
is less than 1 mS/cm, and the pH is adjusted to between 4.0 and 5.5, preferably in both cases.

Diafiltration, may,be carried out with water far injection arpreferably with.a buffer solution;of low ionic
strength such as a solution of <5 mM acetic acid or sodium acetate solution adjusted to pH 4.0 - 5.0
with alkali BF 8GR acid  [5iafifiat oR $teiF18) i< preferably cafried Stithin targetial fiGW'fiGHe across
ultrafiltraticrumerbranes,safifer eaample25 potyethersutfopemrequivatlents;using+a motecular cut-off
between 1(r)okr[?n% ﬂgiloono I?D%" Bgngggiggy insitlheagrsocaegg ac&)rg)i? to atlhlg in gngijoq:, dqfisl'gation step
(a) also serves to concentrate the profeins up {6 a concentration of ot moré than 5% &velght/volume),
preferably betweer 296 ant4%B0(weighvoliime) IOncehe sotiitioh step@) hasbekirgBtained, this

is stabilised for examplethroughythecaddition ok serbitolgs a product in liguid
(temperature-time), for example to prevent aggregation and

25 fragmentation during storage, among other characteristics.
This dependency between the stability of liquid IgG
formulations and their process of purification has been

obgerved by other authors (Cramer, M. et al. above).

This invention therefore provides a process for obtaining an
30 IgG preparation that overcomes the problems in the state of
the art previocusly mentioned. The process according to this

invention starts with a material containing IgG purified by



-12- stabilising agent up to a maximum concentration of 50% (weight/weight), preferably between 30%
and 35% by weight. In addition to this the pH is adjusted to between 4.2 and 6.0, preferably between
pH 4.6 and 5.2 through the addition of acid (for example hydrochloric acid or acetic acid) or alkali (for
example saditvehydroxide)nn ehmannewwhich i$s knewdin theart y hetheat tredtmentlosdreating of
the solutiop i step (G) of the process ascording to this inventign is a spegial procegure; 1q aiso known
as pasteurisation, and'is carried out at a temperature of between 55C and 63C for a time of between 1
and 24 howenRitheanh theSolufibRlcahiife Feat BE&HE at aRy tEmperatGraasd foramPlime within

the rangesdngationed abpve, heat freatment isipreferakly carred oyt at £0-1€: 15 for 29-44 hours. In
any event not more than 3% of high, molecular weight polymers/aggéggates and iPreferably between
e

1% and 29 SHouldbergéierated - Likewise Brotéditic Setivity tue ﬁé%%%si% presefice of
procoaaulating-factorsfdr example factor XkXlarer athenpicteases, Theasured2ccliromagenically for
different substrates, (6:2302, 2298 and 5:2238) as desciibed i the art (see Example, 3) s reduced at
least 5 times in comparison with its initial contents. Subsequently the solution is cooled, preferably
between 18€r-136C dnd aitGied, Prérpabswith &P ledst 339% (B weighD T2 Watéifor ijéction, or
more prefesghlyayith buffeysalution comaiminga compatiblersalt (for example sediyn acatate,
phos%late, citrlate or tife like %t a. concegtrati n of prefera IX f=20 mtl\g. Opce diluted the solution
contains aSorbitdl coricentration T59%6 by \%vré"f\‘g tEand alpcr% eiftto doncentration® 5 rhléz/ln%llgA totally
ionisable conppatidie saltt prefetably sodiumxhiorde ras solidor in concentrated solution, for example
3 M (moll/litre) is added to this -13- solution until a sodium chloride solution of between 0.20 M
(mol/litre) ang 0.50-Mogmolditre), preferablysbetween 25 @ nelllidne) anckQL40 M{@olditre) is obtained.
If necessagé%?.%Htcan. be aq%'gsted again to bet\?/eeT 4.2rand 5.5fgngl Slgretfgrably beta\{v%en 4.5 and
5.0, by the adaition o%%xrleferab y dilute” )3&%%%}:5? oF acetic acidpan(ﬁopsoaiurﬁ%ydroxﬁle. The
solution coriditioredbprtiethansepdesdrilyed abeve thatsis 4o say idftet dilatiors>adjnstmernt of the salt
concentration,and pH, which coptains:a maxmymn ata%pf dimers s injgcteddddniea v
chromatography column containing strong cation exchange perfusion resins having at least one of the
cationic suffbnigroupSSEURBRYI, stffonfteSr sulfépropyFS, 248> 3P groups) foined<Sovaléittly to a
synthetic inselubleiand vistuallyrincompressinie perfusior sratyixecomptisingorigid(particles af
polymethacrylate or palystyrene, and.preferably.comprising a matrix or support of particles_of
polystyreng,(y Sorﬁ im%O'JLéar?;éeeree0I;Tbeegtkvg\jgegenvg}bl-¥ ?O(ﬁ#slehsg r%ejé %mg§%og gggkegoiﬁsf gyliﬁgrical axial
flow columbast appropriste diameter foicpagkingPoceupying prefetabi:betii@en sofieest 20 cm height
of 20resing orpagked in-a radial flow columpyith apath of:between preferably 10s-1ka.em: In both
cases at least 1 litre and preferably between 1 and 10 litres of that resin are used for each kg of (dry)
IgG which his t& e piiftied”Which s eqlivaltitto § 0&dihG of betten 180 aftP1008 /g of IgG/m1
of gel. Preterablytherguantitypafresirepackeddn the=coluauyusethisrhetareéhizvand 5 lireslper kg of
19G (equivglent 19 & Joading of 200, 50 majaG/mi ofgg(l. Before injecting the prodyct the, column is
equilibrated with a buffer solution containing preferably sodium acetate between approximately 5 30
and 50 mMHsilRsfary Andiriere. refeé fably 2 OUhMPIRilRAB e - anevES5diMT ehictidean
conceptration (fthat is-the chasenssalbaddedita thesprogct) which ds appepdmately equakor
eauivalent to that of the groduct.,The preferred injection flogv is not more than 30 colu
volumes/hSAF &g more praterably between s L30%olufmT volurer‘lses/hgﬁﬁgfﬁgtp‘}%%erreg]?égr"ﬁperature
being 18CmBOCAHE: mumiorersidifers passifreelyl ttredugh thenempy hroreahlan 9% tol

P. et al., above). However the TFF process is associated with
a high consumption of precipitation reagents (PEG), stabiliser
30 (sorbitol) and water for injection, and a number of cleaning-

sanitisation operations which have to be considered when
equipment is necessarily reused. It 1s furthermore associated

with a long process time, may be difficult to handle, the



R of the total monomers plus applied dimers beingsrecovered in the effluent (adsorption is <10% of
monomers/dimers), and preferably a recovery of >93% is achieved, this effluent being recovered in a
pool up to an appropriate volume. Simultaneously the aggregates/polymers are captured by the 10
resins to anssneuateli88594 ©f theidrinitiaheontent, axhichhiy/equivalentito eamorenthan S5afodd reduction,
preferably a reduction >95% (120 times) of the_initial content in the material originating from the heat
treatment, gﬁt ga%%ec]):f%élér%rerg %%%\%rre\ffer%%lfoﬁéggre'é%?&% aéllntg%und 15 (unadsorbed) in the
column effluent pool. Likewise by suitably increasing the loading in the column and applying post
washing, fOrExapREWth 3 IEESIWE EGIUHT ToIthes 8f R E0fRDH éﬁiﬁ%dﬁﬁ\?&lgn "that used to
equilibratedbe column, mengmerdimes recovery pan<even heipereased mast20 pretergbly up to
195%..Thus recoveries of 895% can he.achieved, reinjecting the regeneration fraction into the same
columﬁ, su?t%%fyvaﬁJtee%%)r??gﬁjgugs%ecf ?od?k%ercgr%)i'ﬁgﬁ'é %sg indt Fégi%%%ﬁa:ﬁ%gr[%re 0 Iélésc,? fonic
strength_ injectiGi By Beereasingrgratiieht as BlreatiiAindieate alsy ércotirafe el 2y fécovery of
lgG monomets/dimers angd-a persomnskillad inthe art equldeasiiyachieye a-produgt regovery 8:95% in
this way or. using a similar process. To do this loading is started with a maximumC?aIt concentration
according 16 e pHIRA SHEF to MiFimise SUBRT-adsBrption pRERomeRaifthe et Volumgg 30 applied,
progressivelydheneasiag the capacityrgidihé sesinwastthe toric strengthsdecréasesaintitrthedoading
volume is completed. far example, a,decipasing gradient of up 4o 15% betweenthg salt egncentration

of the product selected at the -15- start of loading in comparison with that at the end thereof may
preferably besudeREOptionafytHe précesicactbrdihgs thisdhvertion Mayonpitde 6/€ bf more of
viral inactivasien/elirnination treatments cemeblementingctheat tegataient of fae sehsion, Ameng the viral
inactivation treatme%ts which may he l{;ﬁ;ﬂd i%jthe %troiess gccordingrto t,pe in\éentiocn are incubation at
acid 701-11(?0rmé—’l>?émﬁe}%ﬁp§.8l-n4. at 2Cfor Detweeh 4-24 hoars in the pr%ggﬁgg or absence of
pepsin, or nénkeniccdetergemts TP SGckasd Rlupdhic L Trhton, Twedrandahe like)tpeatnfent with an
alkyl phosphate organic solvent (0.3% tri-n-butyl phosphate or TNEP); detergents (1% Triton X-100 or
Triton X-4mHNeurathegtab P atert05-514375) qyeferablysby adiusting tbe lgGesalution tapH 4.2 - 6.0
and the tem 8rature to 4t- 30C, 15 incubatin lfor 1- l?Ehogrs and mﬁr%grefepbll}( sgmer61 hours at
25 2C; andVirar FERRTIOA Membrane haRofi ra‘t’io%%égé‘r?era?g céftu %se,of)lolyjéﬁwer slfj%ne,
polyvinylidene flwaride) cthroggiy either tanrigeritiad o tedminal flow, in the form of a cassette or sandwich
(flat surface), cartridge 20 (folded, sheet, disks) or hollow fibre, preferably through a pore size 150 nm,
approximatgly betweend0:-hg amnanskpreferahly betwaen sgome 16+=i3mpam and preferably 20 2 nm
Poresize,vxg htermin nan.ofiltr%ttilon.ggfsg inactivation/elimination ste $ may be carried out before or
25 after thé e%%%rela n%%ﬁ?gtep,eexcep}lwhen using nanofﬁtratlon,pw ere it is Preferable that it should
be usdd beforéntie-heactreatrmentOscd stepofd) Bftheprdcéss atevrding to this invention has been
completed ghe §Q&’é@£‘i‘?@@iﬂegé§%fi|¥%!e@ﬂ@thh‘¥§¥?r@&fgéﬁﬂggti%%%ef@ ¥ pithe buffer
solution of low ionic strength which may for example contain 5 mM of acetic acid at a pH of 4.0 - 5.5,
and optionally 3Bhifderor YA%E exEipidhts Rt thE finalformufationorie fiRal digfilfafidn S carried out
by tangential flomrthigtgh adttatiltratioanmembrapes of podyethersulfone or equivalent, using a
molecular cut-off preferably between 10 kDa and 10Q kDa, and mare 5 preferably between 30 kDa and
50 kDa. Af?gr ggﬁé%%r%%?f%g %u?n%ger o?rdrlnéjﬁ t%\ﬁgg voct) u?nesso%ure%%eotﬁé%%ﬁ%?onlcgentFFeaclﬁ n,
prefetably to a®onductivity of 62 ms/cm, protein is preferably concentrated in nominal concentrations
of 5%, 10%, 16% or 20%, or any other intermediate

Through the use of this process a significant reduction in the

high molecular weight aggregates/polymer content, that is to
say those higher than the dimer of IgG and other unstable
proteins, 1s achieved, giving rise to a scolution which
30 essentially contains IgG monomers/dimers that can be
formulated in a slightly acid medium, and can be kept in a

liquid at ambient temperature without noticeable signs of



10 concentration between approximately 5% and 22% (w/v). The solution is preferably stabilised
through the addition of a polyalcohol (polyol) or amino acids. In any event the osmolality of the
resulting solution will be h240 mOsm/kg, and approximately isotonic. Preferably the pH is adjusted to
5.2 15 0.6iand archieck.is mate 19 engure. tiat itHie sdhetweehr-d 6iand 58; readjustiag with-dilute acid
or alkall f neqessany Jhs adlusted, sajtion |5 stetfely teted irqugh ap absoluts, uemblane of 0.2
am pore size in X manner kriown in the art_ The Tiquid solution obtained is aseptically metered into 20
appropriat&csntainersandsubjectedto)nr.--hh)-4,n (quarantine) of not less than 14 days at 25 5C,
preferably in order to observe any sign of instability or contamination in each individual metered unit.
The contained froduct/is stared under ¢he samewcontlitions asfor quasantinev(@ambient 25 temperature
25 5G) or in.a cold ghamber,(5.+ 3C), The prodyct.ofyiained by the progess gecoiding ig, this invention
remains stable fé‘ssentiaﬁy unafte?ableﬁor at least 1 year at a temperature of between 2 - 30C without
showing amy sigis régealiteg degradation i efher itophysicatehdattetistiés 3G @pseardrice, colour,
turbidity, sediments, payticlesor fibxes) qrdts-spesificationranalytical parameters aeeordingdor example
to the Eur(')&pean Pharmacopoeia (high molecular -17- Wei%ht}a %rngates, fra%ments, anticomplement
activity or AERSTPERA krélK adtivator SPPRAS Stbclasses of d’(% 8c.).2MHiS Tvention & déscribed in
greater detaildseiow witlhereference terekamplesnthése@xamples aretoweiver hot intended to restrict
the technical sgone of this jnvention EXAIYIPLE Examnle L., Starting with,a miture of frazen human
plasma suitable for fractionation, this was cryoprecipitated at a temperature 10 between 0 and
4C. The cryégretisitatessas separated by continuous flow centrifuging (Nestfalia centrifuge) at the
same cryoprecipitation tewberature. The supernatant was processed in accordance with Cohn
fractionatioksmettrod:-6 G ohm et al. adbove) Usingecald tethanod Lt Br-HikHl was oltainédGThe paste
obtained o precipifated,(ErdI+|lLwas separated:py pressfillration, and f@geﬂlﬁ@%@aéugsequenﬂy

Fr-11+11l was processed by Cohn-Oncley fractionation method 3 (Oncley, J. et al., above) until Fr-Il was
obtained. THe PRABBtaifeBYES stBredRE<20EL 9BFhe eSS STsPBhded it 3R iSdtenic solution of
glycine and sodisa chlaside and agjusied toappreximatelyireutsalipit. The soktion:was ireated with

inorganic adsorbents, se gzﬁted b cet@ltrlfug?lgf rgRINA centrifuge) and then clarified on a filter of pore

depth SO. mS 25°THE filtrats Was 3djus ed 10 a ﬁ%%rétween 5.5 and 6.0 using 0.5 M HC1 and
ultrafiltered through polysulfone membranes having a nominal molecular cut-off 10 kDa. The volume

was first rédtieB8 I thehdidfitaiidnirds sfarted aP eafgantvoinfe Wit Wate PRF $hjedtion at 2 -
8C. On completion of 33thisthe ultrafilirationequipment wasasisvashechand thec48o8elution was
adjusted to an optical density (at 280 nm) of 00 5 AU, of protein. Solid sorhitol yas added in an
amount of 8?5 ktgR ?orpe]é%ﬁelg"é ofatﬁgs%ﬁ% nrlgF(aesle%t%ﬁlaE% eerndtlg’s}oI\é:iihg-ZE the p%%?th%iocﬁution was
adjustéd tol356 0.5 8sing50.54Vsh Clo Hesp treatment bf the Solatioh Was trert éarrietcsutln a

thermostatic.containar recircylating the heating fluid, through the jacket in sych-a way thatthe product
was raised to between 60 and 61C and held there for 10 - 11 hours. The ,
(Fr-II+I1II) or egquivalent (Fr-I+II+III), which contains most

(z 90%) of the IgG and plasma, of variable purity (normally
between 35 and 65% of IgG in relation to the other proteins),
25 has to be purified more extensively through precipitations
with ethanol known as Cohn-Oncley method 9 (Oncley, J.L. et
al.: The separation of the antibodies, isocagglutinins,
prothrombin, plasminogen and beta-1 lipoprotein into
subfractions of human plasma. J. Am. Soc. 1949; 71: 541-550)
30 until a concentrated immunoglobulin fraction (Fr-II, or
supernatant of concentrated Fr-III} 1is obtained. &Another

viable alternative 1is to use the Kistler-Nistchmann method



10 solution was then cooled to 2 - 8C. The resultsiabtained for the average of 7 separate lots are
shown in Table 1, Table 1 15 The above results show the effect of the prior purification tt ui

(Frll suspension __ 9776 by electrophoresis) and reducing denaturing agents (ethanol) on aggregation
during heat treatment, with onlydl.38%seftpalymersi makingrsisbsequént adsorptioni by syathetic
cationic reging possible, 20 Fxoratie 2. -9, staring witha pookof huan plasma, theprogess was
the same as described for Example 1 until Fr-11+I1l was o%talr'le (test a) and continued to Fr-11 (test b).
In order toestablishtthieceffect of pefificdfcr s Well ditheeprestnée of dehakliiiy Bégehts on

polymerisatignduring heattreatrpgat, the precedwedwas as follows; a)nthe fyrlitil-was syspended in
water for injection at 2 - 8C in a proportion of 1:8.5£Qlﬁweig,ht, and after a homogeneous suspension

had been SBIREHHE BH Was taised 1105, 255+ 17 55 With 6 5°MHC1. Subsequently this was

centrifuged in a decanter (centrifugal force between 200 g 1000 g) yielding a clarified suspension. b)
was processedids iPExBmphs Fonkil-& Zbhition dlapfedByE deep filter waSsdbtained 15 Each of the

above solutions was stabilised through the,additionof selid seritokin an amount of D5 kg per kg of
starting su%ernatant. After the sorbi+ol had been dissolved theépH was atgusted to 5.5 0.5if
necessary . Each Solution was heated 16 60%-61C 16r 16 - TFHGAR ivas then E5618d Gio2 - BC. The

results obt&inedifror theopastetrised product inmtestsianapdh).tin comparisorrwith Exampie 1, are

shown in Taple 2. Table 2 -20- The results of te ts%) and b‘%nde rate the effect of the purity of the

Starthg 12 A 96 1S 1 BERSE \BAIes BOS6 R e St T EnSas L5 b it the

process inxafepledithe effeet offthe sesidualiethanal originatingifram Scethanaldractianation and the

need to eIimine%:a it is obvigus. Itis ther%fore dfduced hat onlg the conditiong in Exgmpl 1 would be
art 4§ a T o o,

acceptableuf%? eaﬁ’ro%esss, acc&rlaﬂwg {6 the inverition. >e<arﬁ§ 599 ﬁ%cﬁfésﬁ%?was fractionated in

the same way astinExamplel t asfarascrs|+Higandihis matetial avaspastied wilPPEG o anionic

exchgnge &%%Q%Hﬂg'c@fg{f ic@ptlg@y&g@ggg%tsw%glg@inﬁ%g hg SB%&E%@%&QMQQHS as
described in the description of 15 gatent EP 1225180 were applied for this initial purification of Fr-11+ll.

In mdre detdil, 77 tREEXEmpRIFE el Fwas B{RpentedSH dyueous solution containing sorbitol,

disodium phosphate and acetic acid until all the IgG was effectively dissolved The main accompanying
proteins wére precipiteaad 2026utthietheraddition ofup tot4%roffPEG: Aftet thishorganicoadsorbents

and filtratiop coadidvantwere-added. Beforg.separating eytthe precipitate by-press filtcation (cellulose

press filters) the pH was readjusted to 5.0 0.5. The paste was separated and the filtrate pool
collected |ﬁaﬁ%mg%ésor precipitate A), for example, by precipitation of

the wmajority contaminants and/or their adsorption on anionic
20 reging and/or inorganic adsorbents (polyethylene glycol,
octanoic acid, ion exchange chromatography, bentonite,
perlite). Documents Ristol, P. et al. EP-1225180; Lebing, W.
et al. EP-0893450; Teschner, W. et al.: A new liguid,
intravenous immunoglobulin product (10% IGIV) highly purified
25 by a state-of-the-art process. Vox sang. 2007; 92(1): 42-55
relate to valid processes for purification through
precipitation with ethanol, PEG or octancic acid, combined
with ion exchange chromatography to increase the purity of an

intermediate IgG fraction (for example Fr-II+III) up to =295%

30 of IgG, and preferably 297% of IgG before proceeding to the

purification treatment in the patent.



25 into a chromatography column containing DEAE-Sepharose(r) (Amersham Biosciences, Sweden)
type anion exchange resins following adjustment of pH and clarifying gradient filtration up to _0.5 pm
jost before entry into the column. All the effluent obtained during loading the product containing 30
purified IgGhwasiceliectedz=2bnThe abowe effluent was adjusted to pHob4d0rywith 055:MsMCi and
ultrafiltered thyough polysulfone membranes,having g nomipalmolecular cutgf 0 kg tnitially the
volume was reduced some 4 times to yleld a concentration of 2% of protein and then diafiltration at
constant velimeiaith4 vakires 6PWRaRESoF inje oM With% mi aetic acid{(@ifriollitréPand 5%

sorbitol adjysted (o pH; 42 Q2with 9.5:M NaQklwas initiated at2-8€<Qn-sompletion ofithis the
ultrafiltration equipment was post-washed %/ielding a solution of an aptical, 10 density (at 280 no) of 55
5 All of protéin® Sub&Bqientiy 0.5 MEHELWAS 2dded Up o8 plt-loof%) S0 15fiBwed by indtbation at 37
1C for 4 hauwrsnSodid sonkitokwiasstherdadded maguantityofitadd kg fenéverykgohthelpresent

solution (33%, wejghtiweight), and 15 after it had dissolvgd.thg pH.J the sallion was adjugted to 4.9

0.1 with 0.5 M NaOH. Heat treatment was performed in a thermosiaited vessel recirculating heating
fluid througiPTiejaickat $8that thelFrotiuctvias rdised to' BO6IEANE hekftherePfor if T 3220 hours.
Then the soligion:was caoled toZ- 8endhe apalhdioal composiiiondesulis fobmoniegag the process
are shown [ fble. 3 Jigble 3 2qiution Heared solylionz 83805 190 a1 Q1) et defermingd

or any mixture thereof are present, the concentration of these

must also be reduced to less than 2% (weight/volume) and in

any event till they do not give rise to more than 3% of

polymer after step <) .

15 Purthermore, in this diafiltration step the starting IgG
solution may be adjusted to an ionic strength whose
conductivity is less than 1 mS/cm, and the pH is adjusted to
between 4.0 and 5.5, preferably in both cases. Diafiltration
may be carried out with water for injection or preferably with

20 buffer solution of low ionic strength such as a solution of

@

<5 mM acetic acid or sodium acetate solution adjusted to pH

4.0 - 5.0 with alkall or dilute acid.

Diafiltration step (a) is preferably carried out in tangential
flow mode across ultrafiltration membranes, of for example
25 polyethersulfone or eguivalents, using a molecular cut-off
between 10 kDa and 100 kDa. Beneficially in the process
according to this invention, diafiltration step (a) also
serves to concentrate the proteins up to a concentration of
not more than 5% (weight/volume), preferably between 2% and 4%

30 (weight/volume) .

Once the solution step (a) has been obtained, this 1is

stabilised, for example through the addition of sorbitcl as a



The results in Table 3 indicate that a residual PEG zontent of 0.8% does not affect the degree of
polymerisation during heat treatment (1.5% of polymers). Likewise this polymerisation is not affected
by the method of purification previously used, whether using ethanol alone or ethanol gpc, + anion
chromatogsaphy (See Examplesit and?), provided that thepuritpachieveddis @i the sameoarder (97%
of 1I9G). 10 Likewise analytical determinations qn_different.chromogenic.substrates were performed on
other lots o(r\” %lﬁ”rﬁsﬁé‘r’“aﬁi l%:(sééflaile %?ce)rc?ggsae%[]% ?ﬁggsvéerﬁg wg{yg;{asa&gsc%i%égb p}?e\%gﬁg\gﬁih tr%g Example 3
in order to @VAlEtethe steps ravirgethetability dhastivite protesiytiehzmes 2mainfy- 0

procoagulants 1o Suhstiales 9223072 2268and5-2238.(spesificfer saagulationdactors for the
prothrombin complex, thrombin, plasminogen/plasmin, FX-1/EXIA, EM, PEA, etc.) were used on the
basis 0f thé {eEhmigaETuEScfiied Aceording t6 the sfate 8f e art2Eaiculating ?ﬁé‘%f'&diéﬁtod? the
kinetics of thex@01chremagenicirgdction dr optical densityr(6:D.)absorpiien knitsper mintite: (Min) in
relation to g@etgpplied protein concentration (g/ml). The ratio (0..D./min)/(g/m1) in the steps before and
after pasteurisation is shown in Table 4. Table 4 0.871.1. Lza solution Heated solution 0.120.140.017
(10h at 60'2)I1 It will be seen from the results in Table 4 that under the specific conditions of the

pasteurisatiof process protediit asivit) {raifly procdabulaiit REtorS) cah & FEducel nidre than 5
times in corhpanisorcwith intiabeddtent {wltrafilierethselutionhadeordingotocvallies obtaidedavith the

threedifterent ghromagenic subsirates sed. Example 4.3 difrent praduggon s prggessed in the

same way as in 10 Example 3 until a pasteurised solution for each was obtained were available. Each
solution wasHRGERITS6Re 2Ttinkes VRRTPLG AN (FAMBHITre)iodiim actate Sokftibristsome 20-25C

to achieve seme 10:A3J.0f opticahdensity: (@t 2801 nm) cand seme-89Ehy weight serhitol gencentration,
adding the’%Jantity of 15 NaC1] required to brin% the pI’Od}gCt to agLnaI concentration1i of 0.4 M
(tool/litre). PSIatioH Wasa jus 8d toaﬁpM.g ﬁ‘ﬁ)ug"ﬁlﬁwelélddﬁlo”n of- Hilte H&e(b.iﬁ?%.S M). The
solution was thjeGtechinto arsteengnpalystysenereatiamnehromadegtaphy cotunan (ROR®SHS(r) 50 pm,
Applied Bigsystems, 20 United States), of some 8 ml in volume (height 10 cm x 0.8 ore crgss-section).
The %glum%o\%as %%Uﬁfbra]iléjél with sgrrﬁe ia%olﬁ%eng\%olurﬁﬁgs OIF%(ffO n%ﬁﬁluffrgr" solu iorelf‘1 8f%lodium
acetate sofutibacatla pH emtbiNaC beonventdtion egurat tothatofithe préductBeingladetnThe

product was;injgctedat a flow af23,somez0-golumn volumes/boyr, yith.all the. effluent frop the
column from the start of injection being collected_ The sample of the effluent at a fixed volume of 16

column vofitfes orreRBoritfif§ 16 8o adiRg Tt Sonfei 158 Mg Sy &8 g&t Wa Obtaired, the
protein beiag-deieeminetly 0:42. (280amd or  other  proteases, measured

20 chromogenically for different substrates (8-2302, 8-2288 and
S$-2238) as described in the art (see Example 3) is reduced at

least 5 times in comparison with its initial contents.

Subseqguently the solution is cooled, preferably between 18°C -
30°C and diluted, preferably with at least 33% (by weight) of
25 water for injection, or more preferably with buffer solution
containing a compatible salt (for example sodium acetate,
phosphate, <citrate or the 1like) at a concentration of
preferably <20 mM. Once diluted the solution contains a
sorbitol concentration 2= 5% by weight, and a ©protein
30 concentration 2 5 mg/ml. A totally ionisable compatible salt,
preferably sodium chloride, as solid or in concentrated

sclution, for example 3 M (mol/litre) 1g added to this



the polymer content by HPLC in order to calculateithe % recovery of IgG (monomers/dimers) and the
% reduction in polymers achieved. Table 5 shows the results obtained. Table 5 REDUCTION IN
POLYMERS (5) 94 IFPOCESS DILUTED SQL. (AU) PROTEIN RECOVERY INITIAL POLYMERS fl)
FINAL POE¥MERSH5untQ n.ch 18036611 chapBlfen.dclution of between 0.20 M

(mol/litre) and 0.50 M (mol/litre), preferably between 0.25 M
(mol/litre) and 0.40 M (mol/litre) 1is obtained. If necessary
the pH can be adjusted again to between 4.2 and 5.5, and
5 preferably between 4.5 and 5.0, by the addition of preferably

dilute hydrochloric or acetic acid and/or sodium hydroxide.

The solution conditioned in the manner described above, that
ig to say after dilution, adjustment of the salt concentration
and pH, which contains a maximum of 5% of dimers, is injected
10 into a chromatography column containing strong cation exchange
perfusion resins having at least one of the cationic sulfonic
groups (sulfonyl, sulfonic or sulfopropyl: &, HS, SP groups)
Joined covalently to a synthetic insoluble and wvirtually
incompressible perfusion matrix comprising rigid particles of
15 polymethacrylate or polystyrene, and preferably comprising a
matrix or support of particles of polystyrene, polyvinyl
benzene of between 20 - 100um. The resin may be packed in a
cylindrical axial flow column of appropriate diameter for
packing, occupying preferably between some 5 - 20 cm height of
20 resin, or packed in a radial flow column with a path of
between preferably 10 - 15 cm. In both cases at least 1 litre
and preferably between 1 and 10 litres of that resin are used
for each kg of (dry) IgG which has to be purified, which is
equivalent to a loading of between 100 and 1000 mg of IgG/ml
25 of gel. Preferably the quantity of resin packed in the column
used is between 2 and 5 litres per kg of IgG (equivalent to a
loading of 200 - 500 mg IgG/ml of gel). Before injecting the
product the column is eqguilibrated with a buffer solution

containing preferably sodium acetate between approximately 5

30 and 50 mM (millimolar) and more preferably 10 mM
(millimol/litre), and a sodium chloride concentration (if that
is the chosen salt added to the product) which is

approximately equal or eguivalent to that of the product. The



1.820.09 9 Lot C 10 96 2.51 0.15 54 : not determined Consistently with the previous results, a very
significant and consistent reduction in polymers content, of between 94% and 95%-., was obtained,
and a final content of between 0.09 and 10 0.15 was obtained for an initial polymer content of between
1.8% and 2.5%60ndhe otherdwandigG meoveryi@nonomer/dimes) of 9694, togetherwithaloading

capacity exceeding 100 mg 1gO/m1 of gel and a_process time of less than 2 hours (equilibrating and
loading) sh%ﬁl& %%%#8}%%?15 I‘):ailétqr]nptlneogel'heD ﬁreofceersagbt%edrg)v%%wt%%nsarr?e asin xarcﬁgp e E,Hbut loading.
capacity atvdifererst/ihjaction Vefumpes igiderthé capditionsrestablistied i°Examphe 4 wergs

investigategd., Sanaples ofeffluentfoc different applied velumes were taken determining 3@ protein by

0O.D. (280 nm) and polymer content by HPLC to calculate the % recovery of IgS (monomers/diners)

and the % Tédudiion i1 polymER AHieveuoT difdtentioadify values (g of 1g&/Mmist gel). The
results arewshowe it Table 6. (25 dahle 6-.COAlUMN MOLofCVHARBLED NEIEAED LGABING (MG
5gGaml del) POLYMERS EFFLUENT Oﬁ(3LREDUCTION, IN POLYMERS _ N7ET RES%\QERY (LTG)

preferably a recovery o 93% 18 achieved, this effluent

recovered in a pool up to an appropriate volume.

Simultaneously the aggregates/polymers are captured by the

10 resins to an amount of 285% of their initial content, which is

equivalent to a more than 5-fold reduction, preferably a
reduction 295% (220 times) of the initial content in the
material originating from the heat treatment, with <0.3% of

polymers and preferably <0.1% or £0.06% being found
15 {unadsorbed) in the column effluent pool. Likewise by suitably
increasing the loading in the column and applying post-
washing, for example with at least two column volumes of a
solution egqual or eqguivalent to that used to eguilibrate the

column, monomer/dimer recovery can even be increased most

20 preferably up to 295%. Thus recoveries of 295% can be
achieved, reinjecting the regeneration fraction into the same
column, suitably diluted and adjusted to the conditions used
in the initial loading or of less ilonic strength. Injection by
decreasing gradient, as already indicated, alsoc encourages the

25 recovery of IgG monomers/dimers and a person skilled in the

art could easily achieve a product recovery =295% in this way
or using a similar process. To do this loading is started with
a maximum salt concentration according to the pH in order to
minimise super-adsorption phenomena in the first volumes
30 applied, progressively increasing the capacity of the resin as
the ionic strength decreases, until the loading volume 1is
completed. For example, a decreasing gradient of up to 15%

between the salt concentration of the product selected at the



290 Initial loading solution 2.51 0 700 2 14i0.06-2:98 87 16 115 OEL 0.10 0.25 94 92 90 95 55 22 230
50 360i

start of loading in comparison with that at the end thereotf

may preferably be used.

Optionally the ©process according to this invention may
comprise one or more of viral inactivation/elimination
5 treatments complementing heat treatment of the sclution. Among
the viral inactivation treatments which may be used in the
process according to the invention are incubation at acid pH
(for example pH 3.8 - 4.2 at 37 * 2°C for between 4-24 hours
in the presence or absence of pepsin, or non-ionic detergents
10 such as Pluronic, Triton, Tween and the like); treatment with
an alkyl phosphate organic solvent (0.3% tri-n-butyl phosphate
or TNBP); detergents (1% Triton X-100 or Triton X-45) (Neurath
et al. Patent US-514375), preferably by adjusting the IgG
solution to pH 4.2 - 6.0 and the temperature to 4 -~ 30°C,

15 incubating for 1 - 12 hours, and more preferably some 6 hours

at 25 + 2°C; and viral retention membrane nanofiltration

(regenerated cellulose, polyether sulfone, polyvinylidene
fluoride), through either tangential or terminal flow, in the
form of a cassette or sandwich (flat surface), cartridge
20 (folded, sheet, disks) or hollow fibre, preferably through a
pore gize <50 nm, approximately between 10-50 nm and
preferably between some 15 - 35 nm and preferably 20 * 2 nm
pore size, with terminal nanofiltration. These

inactivation/elimination steps may be carried out before or
25 after the heat treatment step, except when using
nanofiltration, where it is preferable that it should be used

before the heat treatment.

Once step (d) of the process according to this invention has
been completed the solution obtained is diafiltered with water
30 for injection or preferably with a buffer solution of low
ionic strength which may for example contain £ 5 mM of acetic

acid at a pH of 4.0 - 5.5, and optionally stabilisers ozr



The results demonstrate very significantly that loading values of 360 mg of IgG/m1 of gel can be
achieved under normal flow conditions of up to 20 column volumes per hour with maximum IgG
recovery, maintaining the ability to reduce polymers below the 0.3% limit up to 50 applied column
volumes insa sustained 18axays themresess timesfordhedoading utilised didingtiexceedidhours.
Example. 6 In orderitgémow the.o eratlngr%ggggqu l¥ Cl concentra 'Onl?{&”%%ﬁtf‘?@g@%%f{“ of 4.5

.18 cary out b Il O ou
and to optimise poﬁymer eliminatio 1§%y aximising Ig recoveryg € procedure was as In Example

4, but differeniNadiesorrdentativhsisatweehcd.85andeaaR&NMeansre steidied, sansglingthercolumn
effluent at 2 £V, 25 CV,and 501GV todatemine peotejmby Q.0 (289cnm)@ind palymnersdpeHPLC, to

calculate the % recovery of protein and polymer 20 reduction. The results obtained are shown in Table
7. -262 TaBleE7 STENUMN VISEOME(C VP APPEEDINJEBTED CORDING (MRS !
EFFLUENT ROEYMERE 0.425MrATtC4 ©0i DIFFERENTMNAC1CON rh)did ONSe  salt

concentration, preferably to a conductivity of <2 mS/cm,
protein 1s preferably concentrated in nominal concentrations
of %, 10%, 16% or 20%, or any other intermediate
10 concentration between approximately 5% and 22% (w/v). The
solution is preferably stabilised through the addition of a
polyalcohol (polyol) or amino acids. In any event the

osmolality of the resulting solution will be 2240 mOsm/kg, and

approximately isotonic. Preferably the pH is adjusted to 5.2 %
15 0.6 and a check is made to ensure that it lies between 4.6 and

5.8, readjusting with dilute acid or alkali if necessary.

The adjusted solution is sterilely filtered through an
absolute membrane of 0.2 um pore size in a manner known in the
art. The liguid solution obtained is aseptically metered into
20 appropriate containers and subjected te incubation
(guarantine) of not less than 14 days at 25 * 5°C, preferably
in order to observe any sign of instability or contamination
in each individual metered unit. The contained product 1is

stored under the same conditions as for guarantine (ambient

25 temperature 25 % 5°C) or in a cold chamber (5 £ 3°C). The
product obtained by the process according to this invention
remains stable (essentially unalterable) for at least 1 vyear
at a temperature of between 2 - 30°C without showing any signs
revealing degradation in either its physical characteristics

30 (appearance, colour, turbidity, sediments, particles or
fibres) or its gpecification analytical parameters according

for example to the European Pharmacopoeia (high molecular



. 175N -2) 0.35M Initial loading solution 0 1.88 2.122.13-2.14 1.99, 14 0.10 n.d . 30.06 SO . 06 25
120 0.27 CH 11 30 . 06 50.06 50.06 5 360 0.22 0.31

weight aggregates, fragments, anticomplement activity or ACA,

prekallikrein activator or PKA, subclasses of IgG, etc.).

This invention is described 1in greater detail below with
reference to examples. These examples are however not intended

5 to restrict the technical scope of this invention.
EXAMPLES
Example 1.

Starting with a mixture of frozen human plasma suitable for
fractionation, this was cryoprecipitated at a temperature
10 Dbetween 0 and 4°C. The cryoprecipitate was separated by
continuocus flow centrifuging (Westfalia centrifuge) at the
same  cryoprecipitation temperature. The  supernatant was
processed in accordance with Cohn fractionation method 6 (Cohn
et al., above) using cold ethanol until Fr-II+III was

15 obtained. The paste obtained or precipitated (Fr-II+III) was

separated by press filtration and frozen at <20°C.
Subsequently Fr-IT+IIT was processed by Cohn-Oncley

fractionation method ¢ (Oncley, J. et al., above) until Fr-II

was obtained. The Fr-II obtained was stored at £20°C.

20 The Fr-II was suspended in an isotonic solution of glycine and
sodium chloride and adjusted to approximately neutral pH. The
solution was treated with inorganic adsorbents, separated by

centrifuging (RINA centrifuge) and then clarified on a filter

of pore depth 0.5 um.

25 The filtrate was adjusted to a pH between 5.5 and 6.0 using
6.5 M HClI and ultrafiltered through polysulfone membranes
having a nominal molecular cut-off 10 kbDa. The wvolume was
first reduced and then diafiltration was started at constant
volume with water for injection at 2 - 8°C. On completion of

30 this the ultrafiltration equipment was post-washed and the



'NC . 06 Loading effluent pool at 50 CV 363 1n -ds1i 50.06 30.06 n.d.: not determined Table 8
shows the results of Ig0 recovery and polymer reduction in the effluent for the final maximum applied
loading value (50 CV). Table 8 n.d.: not determined 10 The above results demonstrate that under the
best NaClszoncentsationconditionssthededustien thi patymesis nof lessened byrincreasingdthe applied
loading up to 50 CV (or 350 mg IgG/m1_del). Likewise it has been_established that the range from 0.40
M to 0.35 M of N&CI 8an BEUsed o dhtairfa S37° hidkimliftloddig capaciy witi & Minimam polymer
content (ofeeG:06%y- 0£31%0) aadran kg recoveryiémosomeridimen) o betweern98.8% awk-94.2%.
Theresults are obtained at a pH of 4.5, a NaC1 concentration of 0.375 M, with(a concentration of 10
AU by 0.1)X {586 hip)&hd &iTi. AlHection fidW 5120 EVIR. it R8s BEeh SHownthatth? residual polymer is
0.06%5(duplicate of thetesty at 50 CV (360 nm IgG/mi gel.) with an IgG recovery of 93.2% - 94.2%.
The process time did not exceed 3 hours. 10 Example 7 In order to know the pH. range in which a
stable NaGlconcentationeef:0.35xM can bedised; and tp.aptimise thegliminationae in o
polymers by minimising IgG recovery, a procedure as in Example 4 was used: studying a pH range 15
between 4@3%%?6?3&6: sEfpi&s BF thecofmhneMueREwERS oBfaiied &t fhe*afd %)gﬁﬁoéf\??Zl 25 CV
and 50 CVttbadetgittinettheiproteinchy B.CwE60 nimacandipolymerslbycHRLE, andtewalculate the %

protein recgyery and palymgs regipction, theresyits gie, shown in Table D. 20]ahle9 1y

10 solution was then cooled to 2 - 8°C.

The results obtained for the average of 3 separate lots are

shown in Table 1.

Table 1
STEP IN THE PROCESS TOTAL PURITY POLYMERS ETHANOL CONDUCT .
PROTEIN (% IgG (%) (5 v/v) (mS/cm)
(%) electrophor.)
(0.D. 280
nm)
. 6 297 ~0.2 3.3 (3.2- ~10
Suspension Fr-IIT
3.4)
Ultrafiltered 4 297 0.21 < 0.1 <0.5
soclution (0.19-0.23}
Heated solution (10 3 >97 1.58 >0.1 <0.5
h at 60 - 61°C) (1.30-1.86)

15 The above results show the effect of the prior purification of
Fr-II+IIT (FrII suspension 297% by electrophoresis) and
reducing denaturing agents (ethanol) on aggregation during
heat treatment, with only 1.58% of polymers, making subseguent

adsorption by synthetic cationic resins possible.

20 Example 2



COLUMN VOLUME (CV) USED INJECTED LOARING mg IgGims gel) POLYMER pH 4.56
(98'EFFLUENT AT DIFFERENT values (0H4.88pH 4 PH  H Initialloading solution n 1.12
11.951.99,1.40.450.20 0.17 ! 50.06

Starting with a pool of human plasma, the process was the same
as described for Example 1 until Fr-II+III was obtained (test
a) and continued to Fr-II (test b). In order to establish the
effect of purification, as well as the presence of denaturing
5 agents on polymerisation during heat treatment, the procedure

was as follows:

a) The Fr-II+III was suspended in water for injection at 2 -
g°C in a proportion of 1:3.5 by weight, and after a
homogeneous suspension had been obtained the pH was raised to
10 5.25 + 0.25 with 0.5 M HCl. Subsequently this was centrifuged
in a decanter (centrifugal force between 200 g - 1000 g)

yvielding a clarified suspension.

b) Fr-II was processed as 1in Example 1 until a solution

clarified by a deep filter was obtained.

15 Each of the above solutions was stabilised through the
addition of solid sorbitol in an amount of 0.5 kg per kg of

starting supernatant. After the sorbitol had been dissolved

the pH was adjusted to 5.5 * 0.5 if necessary. Each solution

was heated to 60 - 61°C for 10 - 11 hours. It was then cooled
20 to 2 - 8¢°C

The results obtained from the pasteurised product in tests a)

and b), in comparison with Example 1, are shown in Table 2.

Table 2
TEST OR PROCESS TOTAL PROTEIN IgG POLYMERS ETHANOL | CONDUCTIVITY
(%) PURITY (%) (% v/v) (mS/cm)
(O.D. 280 nm) (%)
Test a) 4 75 15 2.5 2
Test b) 4 > g7 5.03 2.5 <0.5
Process Example 4 > 97 1.58 <0.1 <0.5

1




21-25 818190 1.06 0.59 0.66 ri.d. 0.24 50.06 SO-360 1.25 1 Total loading effluent 1up to SC CV 360
1.13 0.62 n.d.S0,06 n. d. not determined -28- Table 10 shows the results of calculating lgo recovery
and polymer reduction in the effluent at the final maximum applied loading value (50 CV), and the
polymer reduetiar:kuthesefigent-atdhalfthe apnaximumitoasting {approximatelyt2> €\ rTahle 10 pH leG
RECOVER&%@%@L{\Q\AEtRheREDUCTI,ON cyggcgg& PQLYM ER §EJE')UCTI

N
starting he nee o) acgaeve values

297%. On the other hand, comparing test b) with the process in
Example 1 the effect of the residual ethanol originating from
5 ethanol fractionation and the need to eliminate it is obvious.
It is therefore deduced that only the conditions in Example 1
would be acceptable for the process according to the

invention.
Example 3

10 The plasma was fractionated in the same way as in Example 1 as
far as Fr-II+III, and this material was purified with PEG or
anionic exchange resins until a sufficiently pure product was

obtained.

The same process conditions as described in the description of
15 patent EP 1225180 were applied for this initial purification
of Fr-II+III. In more detail, in this example Fr-II+III was
suspended in agqueous solution containing sorbitol, disodium
phosphate and acetic acid until all the IgG was effectively
dissolved. The main accompanying proteins were precipitated
20 out by the addition of up to 4% of PEG. After this inorganic
adsorbents and filtration coadjuvant were added. Before
separating out the precipitate by press filtration (cellulose
press filters) the pH was readjusted to 5.0 % 0.5. The paste
was sgeparated and the filtrate pool collected. Injection was
25 into a chromatography column containing DEAE-Sepharose?
(Amersham Biosciences, Sweden) type anion exchange resins
following adjustment of pH and clarifying gradient filtration
up to =£0.5 um Jjust before entry into the column. All the
effluent obtained during loading the product containing

30 purified IgG was collected.



(23CV) (Y )4.9696.845.852.9 ; 4.88 96.663.3245.7 4.76 94.3*) 4.590.8 397397 (*) Determined in
the effluent at 21 CV; n.d.: not determined. The above results demonstrate the strong dependency
between pH and Had for effective polymer reduction with minimum IgG loss. At a concentration of 0.35

M of NaCl the most-10 appropsiate phiwithin.therange tested was feund fa be approximately between
4.76 and 4.50, so that the residual polymer was between < 0.06% - 0.24% (applying 21 - 50 CV) and
IgG recovetyWwad'bétiden 806 ard 8255, TRE prEtedStime Wakbetwedn 2°4fdAhouits. 15
Example 8nbhe praceduie wuassthe same as inLExample.6, bui aipH oF betweenA.8bcand k88 was

established ir&og%ear to inve%tig:ate ethe best Nal caqncentratign conditiong g%twgganO%nd. 1,1.4 M. The

redu o s Lo vie concentratction o el
results are S%OWH n ‘?agfe 1. 5-6\ Y
5 and then diafiltration at constant volume with 4 wvolumes of

water for injection with 4 mM acetic acid (millimol/litre) and
5% sorbitol adjusted to pH 4.2 £ 0.2 with 0.5 M NaCH was
initiated at 2-8°C. On completion of this the ultrafiltration
equipment was post-washed yielding a solution of an optical
10 density (at 280 nm) of 55 £ 5 AU of protein. Subsequently

0.5 M HCl was added up to a pH of 4.0 £ 0.1 followed by

incubation at 37 + 1°C for 4 hours.

Solid sorbitol was then added in a quantity of 0.43 kg for
every kg of the present solution (33% weight/weight), and

15 after it had dissolved the pH of the solution was adjusted to

4.9 * 0.1 with 0.5 M NaCH.

Heat treatment was performed in a thermostatted vessel
recirculating heating fluid through the jacket so that the
product was ralsed to 60 - 61°C and held there for 10 -~ 11
20 hours. Then the solution was cooled to 2 - 8°C. The analytical

composition results for wonitoring the process are shown in

Table 3.
Table 3
STEP IN THE TOTAL IgG POLYMERS ETHANOL PEG CONDUCTIVITY
PROCESS PROTEIN PURITY (%) (5 v/v) (%) (mS/cm)
(%) (%)
Fr-II+III
n.d. 70 12 1 0 1.5
suspension
rurified
column
n.d. >98 £0.06 0.8 4 1.2
effluent
solution
Ultrafiltered 4.0 =98 <0.06 <0.1 0.8 <0.5




-29- Table 11 COLUMN VOLUME 2E0711,1kiDINGEFFLUENT AT DIFFERENT babi

CONCENTRATIONS 11 Lkly.J" 0.4M0.275 (n=2)M 0.35 M 0.3230.3M M1,- 0.275 NI z Initial

1.55

10

15

20

solution

Heated
solution 2.8 98 1.5 <0.1 6.5 <0.5

(10h at 60°C)

n.d.: not determined

The results in Table 3 indicate that a residual PEG content of
0.8% does not affect the degree of polymerisation during heat
treatment (1.5% of polymers). Likewise this polymerisation is
not affected by the method of purification previously used,
whether using ethanol alone or ethanol + PEG + anion

chromatography (see Examples 1 and 2), provided that the

purity achieved is of the same order (297% of IgG).

Likewise analytical determinations on different chromogenic
substrates were performed on other lots on a preparative scale
processed 1in the same way as described previously in this
Example 3 in order to evaluate the steps having the ability to
inactivate proteolytic enzymes, mainly procoagulants.
Substrates $-2302, $-2288 and S-2238 (specific for coagulation
factors for the prothrombin complex, thrombin,
plasminogen/plasmin, FXI/FXIa, FXII, PKA, etc.) were used on
the basis of the technique described according to the state of
the art, calculating the gradient of the kinetics of the
chromogenic reaction in optical density (0.D.) absorptiocn
units per minute (min) in relation to the applied protein
concentration (g/ml). The ratio (0.D./min)/(g/ml) in the steps

before and after pasteurisation is shown in Table 4.

Table 4
TEP IN THE PROTEQLYTIC ACTIVITY
PROCESS (0.D./min) / (g/ml)
S-2302 5-2208 S5-2238
Purified column
1.69 2.03 0.23
effluent solution

1.94



loading 0 1.71 2.721.28 1 33 2.11 2.51 solution- 2319 50.06 0.52

10

15

20

25

Ultrafiltered
0.87 1.1 0.14
solution
Heated solution
0.12 0.14 0.017
(10h at 60°C)

It will be seen from the results in Table 4 that under the
specific conditions of the pasteurisation process proteolytic
activity (mainly procoagulant factors) can be reduced more
than 5 times in comparison with initial content (ultrafiltered
solution) according to values obtained with the three

different chromogenic substrates used.
Example 4

3 different production lots processed in the same way as in
Example 3 until a pasteurised solution for each was obtained
were available. Each solution was diluted some 4 times with
10 mM (millimol/litre) sodium acetate solution at some 20-25°C
to achieve some 10 AU of optical density (at 280 nm), and some
8% by weilght sorbitol concentration, adding the guantity of
NaCl reguired to bring the product to a final concentration of
0.4 M (mol/litre). The solution was adjusted to pH 4.5 through

the addition of &ilute HCL (0.1 M - 0.5 M).

The solution was injected into a strong polystyrene cation
chromatography column (POROS HS® 50 um, Applied Biosystems,
United States), of some 8 ml in volume (height 10 cm x 0.8 cm’
cross-section). The column was equilibrated with some 10
column volumes of a 10 mM buffer solution of sodium acetate
solution at a pH and NaCl concentration equal to that of the
product being loaded. The product was injected at a flow of
gsome 20 column volumes/hour, with all the effluent from the
column from the start of injection being collected. The sample
of the effluent at a fixed wvolume of 16 column volumes

corresponding to a loading of some 155 mg of IgG/ml of gel was




14 3.250.20 0_06 ,;0.06, 50.06 50.05 0.56 -28.0.06 0.98
obtained, the protein being determined by 0.D. (280 nm) and
the polymer content by HPLC in order to calculate the %

10

15

20

25

recovery of IgG (monomers/dimers) and the % reduction in

polymers achieved. Table 5 shows the results obtained.

" Consistently with the previous results,

Table 5
PROCESS 0.D. (280 PROTEIN INITIAL FINAL REDUCTION IN
nm) DILUTED RECOVERY POLYMERS POLYMERS POLYMERS
SOL. (%) (%) (%) (%)
(AU)
Lot A 10 n.d. 1.90 0.11 94
Lot B 10 n.d. 1.82 0.09 95
Lot C 10 96 2.51 0.15 94
n.d.: not determined

a very significant and

consistent reduction in polymers content, of between 94% and

95%, was obtained, and a final content of between 0.09 and

0.15 was obtained for an initial polymer content of between

1.8% and 2.5%. On the other hand IgG recovery (monomer/dimer)

of 96%, together with a loading capacity exceeding 100 mg

IgG/ml of gel and a process time of less than 2 hours

(equilibrating and locading) should be noted.

Example 5

The process used was the same as in Example 4, but loading

capacity at different injection volumes under the conditions

established 1in Example 4 were investigated. Samples of

effluent for different applied volumes were taken, determining

protein by O©.D. (280 nm) and polymer content by HPLC to

calculate the % recovery of IgG (monomers/dimers) and the %

reduction in polymers achieved for different loading values

(mg of IgG/ml of gel). The results are shown in Table 6.




180 0.84 0.59 0.25 C 0.06 5-0.06 1.18 0.2 -
Table 6
COLUMN VOL. INJECTED POLYMERS REDUCTION IN PROTEIN
(CV) APPLIED LOADING (EFFLUENT) POLYMERS (%) RECOVERY
(MG IgG/ml (%) (IgG)
gel) (%)
Initial o] 2.51 0 100
loading
solution
2 14 <0.06 > 98 87
16 115 0.15 94 95
32 230 0.1 92 95
50 360 0.25 90 97

10

15

20

The results demonstrate very significantly that loading values
of 360 mg of IgG/ml of gel can be achieved under normal flow
conditions of up to 20 column volumes per hour with maximum
IgG recovery, maintaining the ability to reduce polymers below
the 0.3% limit up to 50 applied column volumes in a sustained
way. The process time for the loading utilised did not exceed

3 hours.
Example 6

In order to know the operating range of NaCl concentration at
an established pH of 4.5 and to optimise polymer elimination
by maximising IgG recovery the procedure was as in Example 4,
but different NalCl concentrations between 0.35 and 0.425 M
were gstudied, sampling the column effluent at 2 CV, 25 CV and
50 CV to determine protein by 0.D.

(280 nm) and polymers by

HPLC, to calculate the % recovery of protein and polymer

reduction. The results obtained are shown in Table 7.




0.13 50 360 0.940.66 0.250.16 :,."0.06 50.0 134

10

Table 7
COLUMN INJECTED EFFLUENT POLYMER AT DIFFERENT NaCl CONCENTRATIONS
VOLUME (CV) | LOBDING (mg (%)
BAPPLIED IgG/ml gel) 0.425 M 0.40 M 0.375 M 0.35 M
(n = 2)
Initial
loading 0 1.88 2.12 2.13-2.14 1.99
solution
2 14 0.10 n.d. £0.06 <0.06
25 180 0.27 0.11 £0.06 £0.06
50 360 0.33 0.21 <0.06 £0.06
Loading
effluent
360 n.d. n.d. <0.06 £0.06
pool at 50
cv
n.d.: not determined
Table 8 shows the vresults of IgG recovery and polymer
reduction in the effluent for the final maximum applied
loading value (50 CV).
Table 8§
NMaCl CONCENTRATION (M) AT IgG RECOVERY REDUCTION IN POLYMERS
pH 4.5 (%)
0.425 95.2 n.d
0.40 $3.0 n.d
0.375 (n=2) 94.2 - 53.2 >57
0.35 90.8 297
n.d.: not determined
The above results demonstrate that under the best NacCl
concentration conditions the reduction 1in polymer 1s not
lessened by increasing the applied loading up to 50 CV (or 360

mg IgG/ml gel). Likewise it has Dbeen established that the

range from 0.40 M to 0.35 M of NaCl can be used to obtain a




0.15 Loading cT.06 effluent50360 nd. 0.87102680.17 n.d.50.06 50.06 CT 0.13 5 n.d.: not
determined Table 12 shows the results of calculating IgG recovery and oolymer reduction in the
effluent at the final maximum applied loading value (SO CV). Table CONC TRATO1NIgG
RECOVERY¥gtRittitra)oading capacity with a minimum polymer content (of

£0.06% - 0.31%) and an IgG recovery (monomer/dimer) of between

90.8% and 94.2%.

The best results are obtained at a pH of 4.5, a NalCl
5 concentration of 0.375 M, with a concentration of 10 AU by

0.D. (280 nm) and an injection flow of 20 CV/h. it has been
shown that the residual polymer is <£0.06% (duplicate of the
test) at 50 CV (360 nm IgG/ml gel) with an IgG recovery of

93.2% - 94.2%. The process time did not exceed 3 hours.
10 Example 7

In order to know the phH raﬁge in which a stable NacCl
concentration of 0.35 M can be used, and to optimise the
elimination of ©polymers by minimising IgG recovery, a
procedure as in Example 4 was used, studying a pH range
15 between 4.5 and 5.0, and samples of thé& column effluent were
obtained at the end of 2 CV, 21 - 25 CV and 50 CV to determine
the protein by 0.D. (280 nm) and polymers by HPLC, and to
calculate the % protein recovery and polymer reduction. The

results are shown in Table 9.

20 Table ¢
COLUMN VOLUME (CV) INJECTED POLYMER (%) EFFLUENT AT DIFFERENT pH
USED LOADING values

(mg IgG/ml gel) PH 4.96 pH 4.88 pH 4.76 pPH 4.50

Initial loading 0 2.25 1.72 1.95 1.9%

solution

2 14 0.45 0.20 0.17 <0.06

21-25 151-180 1.06 0.59 0.24 <0 .06

50 360 1.28 0.66 n.d. <0.06

Total loading effluent 360 1.13 0.63 n.d. <0 .06

up to 50 vV

n.d.: not determined-



atpH 4.85-4.880.4 M CO POLYMER REDUCT¥®N -30-49.1 0.35 M 96.6 63.4 The above results
show that the process is viable at pH 4.85 - 4.88 within the range from 0,325 M to 0.275 M of NaCi for
a maximum loading capacity (SO CV, or 360 mg IgG/m1 gel), with a minimum residual polymer
content (0.06%46 e 0.17 %3 aneslaGHecavesy (monemerddimer) of betweriz92-5%oard94.9%¢ The best

results were obtained with a NaC1 concentration of 0.3 M, with which.a recovery of 93.7% and a
maximu FEaCU T pOds o1 5 139 1% e SHdeRery actioved. R e Tomey NASFIG Eancentration
of 0.1 M pdlyattrsgvercaraticetbontpietely, aais IgG frecavelyy s lessthani90%. Comphfing the
results in thissExample,8 and thosednExample 64he stong-dependenay-hetween-oiH and NaCl is
evident, and these parameters have to be adjusted within an appropriate 15 range to achieve optimum
polymer reduction and 1gG recover values. The above examples demonstrate that the desired results
as regards residual polymer <0.3% and reduction 85%, and laG recovery (monomer/dimer) L90% are

obtained between pH 4.5 and pH 4.9 with a NaCi concentration of 0.275 M to 0.4 M. 20 Example 9

. DH TaG RECGVERY. (50 POLYMER REDUCTION POLYMER REDUCTION
purpose of this testwas to evaluate t}ﬁecioaélng capacity using a conventional ¢ roma ography
process, which implies adsorption of allcfﬁe IgG for subsedugr?t elution, foIIoweH‘ZbQX 25 comparison of

the results obtained with the previous

4.96 96.8 49.8 52.9
4.88 96 .6 €6€3.3 65.7
4.76 94 .3 (*) n.d. 87.7
4.5 90.8 297 297

(*) Determined in the effluent at 21 CV; n.d.: not determined.

The above results demonstrate the strong dependency between pH
and NaCl for effective polymer reduction with wminimum IgG
loss. At a concentration of 0.35 M of NaCl the most
10 appropriate pH within the range tested was found to be
approximately between 4.76 and 4.50, so that the residual
polymer was between £ 0.06% - 0.24% (applying 21 - 50 CV} and
IgG recovery was between 90.8% and 94.3%. The process time was

between 2 and 4 hours.

15 Example 8

The procedure was the same as 1in Example 6, but a pH of
between 4.85 and 4.88 was established in order to investigate
the best NaCl concentration conditions between 0.1 M and

0.4 M. The results are shown in Table 11.

20



embodiments of the invention. The conventional chsematography -31- process was carried out under
conditions for total IgG adsorption to saturation of the resins, at different injection flows. Starting from a
production lot processed in the same way as In Example 3 as far as obtaining a pasteurised solution,
the solution was diluted with some 4 times of 10 mM (millimol/litre) sodium acetate solution at some 20
- 25C in order to provide some 10 AU of optical density (at 280 nm) with approximately 8% (w/w) of
sorbitol. The solution was adjusted to pH 4.5 through the addition of dilute HC1 (0.1 M - 0.5 M).

;ection was into a strong polystyrene synthetic resin cation crromatography column (POROS HSS)
50m, Applied Biosystems, United States) of some 4 ml volume (height 4 cm and cross- 15 section |
crM. The column was equilibrated with some 15 column volumes of a 10 mM sodium acetate buffer
solution at a pH of 4.5. The product was injected at different loading flows of between 5 and 20 column
volumes/hour. Samples of the column. effluent Wer& taken from initial injection to different column 20
volumes determining the protein by O.U. (280 nm) in order to calculate the maximum loading capacity
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Table 12

not determined

shows the results of calculating IgG recovery and

polymer reduction in the effluent at the final maximum applied

loading value (50 CV).

Table 12

NaCl CONCENTRATOIN (%) IgG RECOVERY (%) POLYMER REDUCTION

{mol/litre)

at pH 4.85 - 4.88

0.4 M 95-97




In this example the test was designed in order to-determine the chromatographic resolution (polymer
separation)and recovery of IgG under full chromatographic cycle conditions 15 (loading, washing and
elution) with total adsorption of tue IgG (conventional chromatography)( and to compare the results

obtained

with the previous:examples

of the processaccording tg

the inventiory.. The procedu

same as

n Example®; but a starting

20 quantity of igG solution

equivalent te 8B@% of 1tS max

capacity

some 50 mg:igG/m1 of gel

at a flow ofsome 5 CV/in W

as injected #to the column.

re was the
imum
After all
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the initial
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results are shown in Table
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ine at pH
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Table 14 TAPPLIEDSSOGEUTION'24 2100 LOADING - POST- WASHING FFDLUENT 22 n.d. n.d. irm
FLUID FRACTION 16 10.06 64 2FRACTION (TAIL) 195

The above regults show that the process is viable at pH 4.85 -

10

15

20

25

4.88 within the

range from 0.325 M to 0.275 M of NaCl for a

maximum loading capacity (50 CV, or 360 mg IgG/ml gel), with a
minimum residual polymer content (£0.06% - 0.17%) and IgG
recovery {monomer/dimer) of between 92.5% and 94.9%. The best

results were obtained with a NaCl concentration of 0.3 M,

which a recovery of

0.13% in the

concentration of 0.1 M polymers were reduced completely,

effluent

893.7% and a maximum

were achieved.

IgG recovery was less than 90%.

with
residual polymer of
lower NaCl

At the

but

Comparing the results in this Example 8 and those in Example 6

the

strong dependency between pH and NaCl

is evident, and

these parameters have to be adjusted within an appropriate

range to achieve optimum polymer reduction and IgG recovery

values. The above

results as regards r

and IgG recovery (mo

examples
egidual polymer <0.3%
>290%

nomer/dimer) are

demonstrate

that the desired
and reduction =285%,

obtained between pH

4.5 and pH 4.9 with a NaCl concentration of 0.275 M to 0.4 M.

Example 9

The purpose of this test was to evaluate the loading capacity

of POROS HS8%® resins

using a conventiona

adsorption of all the IgG for subseguent elution,

comparison of the

embodiments of the invention.

(applied Riosystems,
1

results obtained

chromatography process,

United States) when

which implies
followed by
the

with previous

The conventional chromatography



PEAK 4 97 1. REGENERATION 90 n.d.: not deteti-led 5 In accordance with the above results it has
been demonstrated that for a loading of 50 m gG/m1 of gel a maximum, recovery of 64% IgG
(monomer/dimer) is obtained for a polymer content S-.0.06%, most of the laG mixed with
unrecoverahleqalymexbeing-totindein thedail fraction antb2dd elutien peak. Thisyecoveryd0 value is
not comparable with those obtained in the previous examples in.which the process, according (o this
invention is appﬁg , In'which saﬂs?actory elimination gfspo ymer and a recovery of More than 90% I9G
is demonstratests Example 11 15 An additional test was designed to study the pH limits and ionic
strength (NaC1) which could be used and to know the effect of the IgG concentration in the loading.
Various testsayerencarfiechout with pastelsisetg Gy :arigirating from: diffesentepregiictien ots
proce%sed in the same wa a%;iﬁn Eéasmpcl)% § !L\Irgai\/grthelessajgtoeqlerofs téwée tests 4t- .fgld dilqtril%n (to O.D.
280 nm = 6%’) was used, and thé remainder with 15 - 2 times dilutions (fo O.b280im =20 - -34-
23 AU), appreximately, using 10V sedliunvaéétate Solgtion fand téeaeh oftheselthe NalC1 required

to achieve the desired final concentiation hetween 02745,M and 945:Mwas added sadjusting to a final
pH of 4.2 and 5.5 respectively. These pH adjustments were made using dilute acetic acid. The

adjusted sOLEBhs Werdifactea int8 S POROS() Hs 58 tofifimn EAPSied Bid&sterme, Ulited States)
in independentcyelesrascdescried in Example 4, biit indhisicase. usirigebetwden approxatately 150

N0 L madoRlou.oLgeln hedesiznariarmer \0EobIuer 8nd dimet coplert (1) piaye determined
by NPLC and’IgG recover%/) %) was determined for different loading values. The values obtained are
shown in TabkeM5: IDP[Nadi; (a) Initial D.P.280 sage (CV;l Loading (mg igG / ml eel) initial

Injection was into a strong polystyrene synthetic resin cation
chromatography column (PORCS HS® 50 uym, Applied Biosystems,
United States) of some 4 ml volume (height 4 com and cross-
15 section 1 cm’. The column was equilibrated with some 10 column
volumes of a 10 mM sodium acetate buffer solution at a pH of
4.5. The product was injected at different loading flows of
between 5 and 20 column volumes/hour. Samples of the column
effluent were taken from initial injection to different column
20 wvolumes determining the protein by 0.D. (280 nm) in order to
calculate the maximum loading capacity under dynamic f£low
conditiong at an approximate protein wvalue of 5% in the

injected solution. The results obtained are shown in Table 13.

Table 13
INJECTION FLOW LOADING CAPACITY
(CV/hour) (mg of IgG/ml of gel)
5 63
10 58
20 55

25

From the results it is deduced that the maximum capacity of

the resins used for total adsorption of IgG under the best



Final!190 ! Pol.! Recovery 1 (!)-6) Polymer reductisn- Pol. M Dim. (%) 10 22 230 2.45 61 60.06 91.0
396 5.0 0.27523 20 330 2.61

flow dynamics conditions in a conventional chromatography
process 1s to be found at around 60 mg IgG per wml of resin,
and remains virtually unchanged over the injection flows
studied of 5 -~ 20 CV/h. Given that this result is very far
5 (some 6 times lower) than the 360 mg IgG/ml of gel obtained
in Examples 6 and 8 applying the process conditions according
to this invention, it is demonstrated that the productivity
of the process according to this invention is very much
guperior to that of the conventional chromatography described

10 .in the prior art.
Example 10

In this example the test was designed in order to determine
the chromatographic resolution (polymer  separation) and

recovery of IgG under full chromatographic cycle conditions

-
(S

(loading, washing and elution) with total adsocrption of the
IgG (conventional chromatography), and to compare the results
obtalned with the previous examples of the process according

to the invention.

The procedure was the same as in Example 9, but a starting
20 guantity of IgG scolution eqguivalent to 80% of its maximum
capacity (some 50 mg IgG/ml of gel) at a flow of some 5 CV/h
was injected into the column. After all the product had been
loaded post-washing was carried out with some 8 CV of buffer
solution eqgqual to the initial eguilibrated solution comprising
25 10 nM sodium acetate at pH 4.5. The IgG was subsequently
eluted applying a NaCl concentration gradient from 0 to 1 M
(mol/litre) containing 0.5 M glycine at pH 4.5 in a total of
some 25 CV. The eluted IgG was collected in fractions for
subsequent protein analysis (0.D. 280 nm) and analysis of
30 molecular distribution (HPLC). The results are shown in Table

14.



N.D. 60.06 rid. R96 580 0.07 92.6197 r .4.85-(3::275 2(.6 10 147 1,76 2.5160.06196.5IR% k n 369

10

15

20

Table 14
FRACTION VOLUME POLYMERS TOTAL IgG RECOVERY
(cvy (%) (%)
APPLIED SOLUTION 14 2 100
LOADING + POST- 22 n.d. n.da.
WASHING EFFLUENT
1°T FLUID FRACTION 16 <0.06 64
2™ FLUID FRACTION 2.5 19 6
(TAIL)
2™ PEAK 4 57 16
REGENERATION 5 50 4
n.d.: not determined

In accordance with the above results i1t has been demonstrated

that for a loading of 50 m IgG/ml of gel a maximum recovery of
64% IgG content

(monomer/dimer) 1s obtained for a polymer

<0.06%, most of the IgG mixed with unrecoverable polymer being
found in the tail fraction and 2" elution peak. This recovery
value is not comparable with those obtained in the previous
examples in which the process according to this invention is

applied, in which satisfactory elimination of polymer and a

recovery of more than 90% IgG is demonstrated.

Example 11

An additional test was designed to study the pH limits and
ionic strength (NaCl) which could be used and to know the
effect of the IgG concentration in the loading.

Various tests were <carried out with pasteurised IgG

originating from different production lots processed in the

same way as in Example 3. Nevertheless in one of the tests 4-

fold dilution (to O.D. 280 nm = 10 AU) was used, and the

remainder with 1.5 - 2 times dilutions (to 0.D. 280 nm = 20 -




60.06-:55.5'cap 40(59a 01.297.293 50737 -6%3.50.20 22.4 2'32 2.76 4.5 30.0683.1,398
25.403

23 AU), approximately, using 10 mM sodium acetate solution,
and to each of these the NaCl required to achieve the desired
final concentration between 0.275 M and 0.45 M was added,
adjusting to a final pH of 4.2 and 5.5 respectively. These pH
5 adjustments were made using dilute acetic acid. The adjusted
solutions were injected into a POROS® HS 50 column (Applied
Biosystems, United States) in independent cycles as described
in Example 4, but in this case using between approximately 150

and 750 mg IgG/ml of gel in the tests performed.

10 Polymer and dimer content (%) were determined by HPLC and IgG
recovery (%) was determined for different loading values. The

values obtained are shown in Table 15.

pH [NaCl] Initial Usage Loading Initial Final IgG Polymer
(M) O0.D. 280 (Ccv) (mg IgG Pol. | Dim. pol. Recovery reduction
/ ml (%) (%) (%) (%) (%)
gel)
4.2 0.45 10 32 230 2.45 | £1 <0.06 81.0 298
20 330 <0.06 n.d. 298
5.0 0.275 23 2.61 | N.D.
35 580 0.07 92.6 97
10 147 £0.06 92.5% =96
25 369 <0.06 99.5 296
4.85 1 0.275 20.¢6 1.76 1 2.5
40 599 g.12 97.2 93
50 737 0.61 96 .0 €5
2 32 20.06 20.1 >98
5.5 0.20 22 .4 25 403 2.76 | 4.5 0.38 96.9 86
50 806 1.34 94 .5 51

N.D.: not detected

n.d.: not determined

15 On the basis of different pasteurised lots having an initial
polymer content equivalent to and less than 3% it has been
demonstrated that for any adjustment value within the limits
explored in this example (pH 4.2 - 5.5 and NaCl 0.20 - 0.45 M)
it is possible to adsorb polymers selectively up to values

20 between <0.06% - 0.12%, eqguivalent to reductions of between

93% and 298%, and IgG recoveries in excess of 80% (91.0 -



0.38!96.9.66 5C.806 1.34!94,5151 N.D.: not detected n.d.: not determined 15 On the basis of
different pasteurised lots having an initial polymer content equivalent to and less than 2% it has been
demonstrated that for any adjustment value within the limits explored in this example (pH 4.2 - 5.5 and
NaCi 0.20 = 9.45 Mydhisepessible teassoti palymers Seledtivelyrup ¢or vakuest20shetwieensS0.06% -
0.12%, equivalent o redcucté%réstoft etween C%)3% and L.98%, and | Gerfeﬁcjpgleg s.in %%ce s é)f 801 (91.0

1 all

- -35- 99.5%%la%%?eve%%etween pH 4.2 and 5633 Lﬁ?gvﬁgét‘i%, should be pointe ‘Cgut that the loading
capacity ae efficierfaseofithe cdlumnidgreasbtaimirisheuras #ié Prokieeoneéawationinthe product

solution in%{)e@égégo a200-nm-0.0, value of 23 AUequivalent tay14.7 -16..2:mg of 1gG/mi; with
Ioadin%s of 580 - 590 ng IgG/m1 gel being?achiev ed. However, at the upper end of the E.H range (pH
5.5) th saﬁ%%}ﬁﬁt}r?ﬁ’fusti%elﬁp;ﬁeéiajo?y edifost (frofi 0743 M150.2 RO T 8Fdét to athieve a

significant eeductipniigpdpolymer . Likewise aysmaleetoadlingidOcapacity thanat mlm_pelrplémalues is
ObservedaQ%C%%e,MeP?%%%gp@g}E%/ m1 gel are used S‘&R?@E%%F’%Q‘@r&&”&%%@éé@%%%%ﬁed1 the

reduction in this being only is effect can be attributed to the presence of a larger quantity of

dimer moleckies pfeseritztH 5.5, the*propdrtidh of which 15 inerekses with piaTetparison with

pH 4.2. Example 42-5rom pdenExasples 6, $apddd ancempirical formeda (h)drasibegn: determined
for POROSH-HS 50 polyst rene p rfusion r%sin frim whichposgible togst lish with g{’%ater precision
20 the"Had 88AceitationHecéSsary iiord8F to Ghtaii the fiopt ofymer and

ed:for results f?)??ilﬁsafp
recovery as @fungtiohoof/pH usedl Therexpressiona(l)dNaailex 0.24 (512erpH)BLdn28 =i6.2 x pH
provides approximately the.hapedsfar.values within the pk yange estaplished {pH 4.2-5.5) for the
resin studied. 25 On the basis of the data in the examples, for a final polymer preferably _.0.1% and a
recovery of At 1685 than 00% tRE NAE| doteRFAITGHIS feqlitedPat tifféteht pRIBHsEedralue and
value calculated-acgerdingtethestosauta) ate showrsinsTabled6.:3%portion of which

15 increases with pH, in comparison with pH 4.2.
Example 12

From prior Examples 6, 8 and 11 an empirical formula (1) has
been determined for POROS®-HS 50 polystyrene perfusion resin
from which it is possible to establish with greater precision
20 the NaCl concentration necessary in order to obtain the hoped-
for results for final polymer and recovery as a function of pH
used. The expression: (1) [NaCl]l = 0.24 + (5.2 - pH)/5 = 1.28
= 0.2 x pH provides approximately the hoped-for values within
the pH range established (pH 4.2 - 5.5) for the resin studied.
25 On the basis of the data in the examples, for a final polymer
preferably <£0.1% and a recovery of not less than 90% the NacCl
concentrations reguired at different pH (observed wvalue and
value calculated according to the formula) are shown in Table

16.

30



-36- Table 16 pH e Ted value Calculated 4.20i0.465-4.800.375 4.85-4.8808300-0.27E 4,9E0.2750.29
5.200,24 S.800.20 5 The results iii Table 15 show a good linear correlation between the observed
values and the values calculated according to the formula, including at extreme pH values. Example
13 Plasma was processed in the same way as in Example | to obtain 10 a purified polyvalent IgG
solution (purity 397% IgG) by ethanol fractionation (according to the Cohn-Onclsy method). The Er-IT
obtained was diafiltered through 10 kn.& membranes to GO AU and subsequently pasteurised (10-11
hours at 60-61C) in the presence of 33% d-sorbitol (weight/weight) and a oP of 5.5 15 + 0.5. The
pasteurised solution was diluted approximate% %}imeféNith 10 mM sodium acetate solution at p41
4.85 so that the 280 nm 0.D. changed. from 42. U 10°10.7 AU and NaCl was added until a final

concentration of 0.275 moles per litre of solution was obtained, adjusting the pH to 4.35 using 0.1 M 20
HC1. The proportion ofpolymer determined %Dﬁel-rl'l(fg WHs 0.88%. Calc”la(t;d vaiue
4.20 0.45 0.44
4.50 0.375 0.38
4 .85-4.88 0.300-0.275 0.31
4.96 0.27% 0.29
5.20 n.d. 0.24
5.50 0.20 0.18

5 The results in Table 16 show a good linear correlation between
the observed values and the values calculated according to the

formula, including at extreme pH values.
Example 13

Plasma was processed in the same way as in Example 1 to obtain
10 a purified polyvalent IgG solution (purity =97% IgG) by
ethanol fractionation (according to the Cohn-Oncley method).
The Fr-II obtained was diafiltered through 10 kDa membranes to
60 AU and subsequently pasteurised (10-11 hours at 60-61°C) in
the presence of 33% d-sorbitol (weight/weight) and a pH of 5.5

15 £ 0.5. The pasteurised solution was diluted approximately 4
times with 10 mM sodium acetate solution at pH 4.85 so that
the 280 nm 0.D. changed from 42.8 AU to 10.7 AU and NaCl was
added until a final concentration of 0.275 moles per litre of
solution was obtained, adjusting the pH to 4.85 using 0.1 M

20 HCl. The proportion of polymer determined by HPLC was 0.88%.
Immediately afterwards this was injected into a column with
polystyrene cation exchange resins (50 um PORCS-HS®) and a
volume of 8.0 ml (cross-section 0.8 cm® x height of 10 cm) with

a flow of approximately some 20 CV/hour. Samples of the coclumn



Immediately afterwards this was injected into a calumn with polystyrene cation exchange resins (50
um PORCS-HS(v) and a volume of 8.0 ml (cross-section 0.8 cm' x height of 10 cm) with a flow of
approximately some 20 CV/hour. Samples of the column -37- effluent were obtained at different
applied loagirig wehimes=(V) @nc:fot dhe final poak determiring the dnolecudandistributior ¢high
molecular weight palymetrs) by HPLC and the reduction gbtained. The valyes found ar wn in
Table 17. 5( able Poﬁ?ﬁer %d%ctigﬁnﬁgadr%ao%blyrr%gr%f%’%Tlf%% ing%ﬁum%%gr%acgglgg]?mi 15
0.36 93 distribution (high molecular weight polymers) by HPLC and the

reduction obtained. The values found are shown in Table 17.

5 Table 17
Loading Polymery Polymer reduction
Loading volumes mg IgG/ml gel (%) (%)
(cv)
2 15 < 0.06 2 93
25 192 < 0.06 = 93
50 385 < 0.06 2 893
pool 385 < 0.06 z 93

The results obtained show that with the best adsorption

process conditions it i1s possible to retain all the polymers

(up to <£0.06%) formed in the pasteurisation of IgG previously
10 purified by ethanol fractionation with a high injection

loading (385 mg of IgG/ml of resin).

Example 14

This test was designed to determine the viability of the
procegss when different purification steps are incorporated
15 into a single step. It was decided to determine whether
polymer adsorption could be combined with a prior optional
step of treatment with sclvent-detergent and subseguent

adsorption of those reagents.

In order to do this Fr-II+III was the starting material and
20 was processed in the same way as in Example 3 to obtain a bulk
pasteurised solution. This solution was diluted to a 280 nm
0.D. of 28 £+ 1 AU (approximately 2% of protein) and a
concentrated solution (x 10 times) of solvent-detergent

solution comprising tri-n-butyl phosphate and Triton X-100



192 50,06 50 385 0.06 Pool 38550.06 > Theresults obtained show that with the best adsorption
process conditions it is possible to retain all the polymers (up to 1C0.05%) formed in the pasteurisation
of IgG previously 10 purified by ethanol fractionation with a high injection loading85 mg of IgC/m1 of

resin). Exapaple 14:khis test was,designedta determine the viahility of the process when gifferent
purification steps are incorporated 15 into a single step. It was decided to determine whether polymer

adsorption’cduldbé cdmbiied Hathia pHor optisndstep tPtredffientiwit Solventdetérgett and
subsequent-adsoicytign.of thaserrgagents In erdertodosthisrker-IAl wasthewstarting:material and 20
was processed in the same,wa¥> as in Example 3 to gbtain a k})oulk asteurised solution. This solution
was diluted o 580 im D “8F28 t 1B (approximatély 26t proteinyand a-concentiatéd solution
(x 10 imes)afisolvent-detergent solution comprisingnti-n-bity phesphate-ang:kriten X466 -38- were
added to achieve fion@ con enltrOaOtionB‘f,I of oda 0.1% a@d t1.0 0. %Zresge&tivi?l)élThe siolgtjon was raised
to 25 2C and" ﬁomo@e?’i’i}ée for some 30Tinttes WA theh Transferred 1o another suitable vessel in
order to hesimcubated forsormhéenal concentrations were 1/10 parts of those

added and the protein concentration was 16.5 mg/ml. The pH of

the solution was adjusted to 4.85 % 0.05 with 0.1 M HCl, 1if

10 necessary, yielding a volume of 167 ml.

Prior to this a column of volume 17.5 ml and height 10 cm of
hydrophobic resin (C8 hydrocarbon) and a matrix with silanol
groups (SDR-HyperD® by Pall, United States) and another POROS-
HS® cationic resins column (50 um, BApplied Biosystems, United
15  States) of volume 8.0 ml were conditioned. The two columns
were connected in series in such a way that the first (SDR-
HyperD®) fed the second (POR0OS-HS®) and these were conditioned

by flowing through an equilibrating solution comprising 10 mM

sodium acetate, 0.275 M NaCl at a pH of 4.85 £ 0.05 in a flow
20 eguivalent to 6 CV/h and 13 CV/h for the first and second

columns respectively.

The previously prepared IgG solution (167 ml) was injected
into the first SDR-HyperD® column and the effluent from the
latter was fed to the second POROS-HS® column. The loading
25 wvalues calculated for each column were: 1) 167 ml/17.5 ml =
9.5 CV for the SDR-HyperD® column; 2) 167 ml/8.0 ml = 21 CV
for the POROS-HS® column. The injection flow throughout the
process was 6 and 13 CV/h for the first and second columns
regpectively. At the end of loading post-washing was carried
30 out with some 2 CV of eqguilibrated solution, collecting all

the effluent from the columns in a pool.



hours at 25 2C. After treatment the solution was-difuted some 10% with 100 mM sodium acetate and
2.75 M NaCl1 solution so that the final concentrations were 1/10 parts of those added and the protein
concentration was 16.5 mg/mi. The pH of the solution was adjusted to 4.85 0.05 with 0.1 M HCI, if 10
necessary ryieldirg avalumerof dbéremb1Rsordodbisi aeolwmn of volumedd . Sombaad-height 10 cm of

hydrophobjc resin (€8 hydrocarbon).and a matrix with silanol grou s,%b R-HyperD(r) by Pall, United
States) an(% %%o?ﬂ\erg P%ﬁog%%ﬁfggtig%g%gﬁﬂ% csolf'gmf%l Sreh% Alﬁgp))l'é I%i%y%iée'rns, United 15 States)
of volume 8.0 ml were conditioned. The two columns were connected in series in such a way that the
first (SDRHyperD(r)) fed the second (POROS?I—a@éFaﬁﬁ these were conditioned by flowing through an
equilibrating solution comprising 10 mM sodium acetate, 0.275 M NaCl at a pH of 4.85 0.05 in a flow
20 equivalent to 65€¥/h. and 13 cv/trisrthe first and second eollfins respeévelsz The previously
prepared IgG sehyien 467 ml) was injected into the first SDRHyperD(r) column aid the effluent from
the latter was fed tedhesecond POROS<HS(r) column. Thetleading 25 values caleculated for each
column were: 1):i6&mad/17.5 ml = 9.5 CV:for the SDR-HyperB(r) column; 2) TEZm1/8.0 ml= 21 CV
for the PORGS:HSE cotumar: The injectiopflow throughout the gprocess was 6 ang £3 CV/h for the first
and second-columnsrespectively-At-the-end-oftoading-post-washing-was-carried-36-otut-with Some 2
CV of equilibrated solution, collecting all the effluent from the columns in a pool. -.39- The results for
molecular distribution (HPLC) and protein (by 280 nm 0.1).) for each step are summarised in Table 18.
Table 18 TheSabR festfts ﬂ%“fhé%%yrﬁ@? aHSorptioh FYORREE thtbe pefigtfly tdrporated
and performed sindkanaegushnwithothersiepsafithe pracess;@s airesultaiavhiehthevwaverall time is
reduced, togefher withJgagent.snsymptionn prior condiianingaand, subsequent washing, 10
Example 1 e polyn?er retenfion capacity of ditferént commercially available cationic resins was
tested to athiesve He Bestposdibld separtion WithrespedtiotigGanenBRTerSlinmérs Hhistder to Ho
this matrices Qf different, griginswere sompared), especially acrylic (Toyopearl(r)) against agarose
(Sepharosect(). The resins were packed in columns of 1.75 cra2 cross-section with a packed height of
100 ram (>%<1a%%r2 ;rO{g GE-healthcare) with the resins GigaCap Toyopearl-S 550(r) and SPSepharose
XL5 gach. 20 The starting material was a mixture of different lots of pasteurised IgG solution treated
as in Example 3,which NaCi was added up to 0.275 M and 0.20 M, adjusting the ph 4.85_0.05 with 0.1
M HC1 if necEssaty? THe ol hiad™ pfot&incontentratioft of Sohié 22 AGSHd Gp 3o 50 CV were
injected at aviow0f some 456NVl intoecdlumnsvashich haddieen o 40z qirépared and cansitioned with
the same Nacl and pH conceotafions.as,he JgG.salufion under tgsh e Robymer-iecovgly results
obtained fdr different column volumes used in comparison with the initial one are show in Table 19.
Table 19 Eééaﬁnatl’-’olﬁﬁer this resin matrices of different origin were

15 compared, especially acrylic (Toyopearl®) against agarose
(Sepharose®). The resins were packed in columns of 1.75 cm’
cross-section with a packed height of 100 mm (XK16%® from GE-
Healthcare) with the resins GigaCap Toyopearl-S 650% and SP-

Sepharose XL® each.

20 The starting material was a mixture of different lots of
pasteurised IgG solution treated as in Example 3, to which
NaCl was added up to 0.275 M and 0.20 M, adjusting the pH to
4.85 £ 0.05 with 0.1 M HCl if necessary. The solutions had a
protein concentration of some 22 AU and up to 50 CV were

25 injected at a flow of some 15 CV/h into columns which had been



-ecove Resin CV a protein gel 275M) Had(0.2008%c,) 100 SigaCan 10 158 97 15 ToyoPeahl-S 650
94100 3

10

15

prepared and conditioned with the same NaCl and ©pH

concentrations as the IgG solution under test.

The polymer recovery results obtained for different column

volumes used 1in comparison with the initial one are show in

Table 19.
Table 19
Loading (%) Polymer recovery
Resin Mg protein/ml
cv NaCl (0.275M) NaCl (0.200M)
gel
0 O 100 160
GigaCap 10 158 97 15
ToyoPearl-8 650 25 396 100 73
M 40 633 104 97
50 791 110 110
O O 100 160
10 158 98 89
SP-Sepharose XL 25 396 100 95
40 633 103 95
50 791 95 91

Total protein recovery varied from 98% to 100% for SP-
Sepharose XL resin, and from 90 to 100% for GigaCap-S 650M

(some 98% at 10 CV and 0.2M NacCl).

The above results show that acrylic cationic resins (of the
GigaCap-8® 650M type) like POROS-HS® (cationic polystyrene)
are capable of gelectively retaining the polymer formed by
pasteurisation of IgG with the ability to reduce the polymer
present to 85% (15% vrecovery) for a protein loading of
158 mg/ml of gel and a total protein recovery of 98%.
Obviougly, the result obtained can be optimised in relation to

pH (reducing it), improving the locading capacity to achieve

for example some 25 CV (396 mg protein/ml gel).
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It has been found that the resins from non-synthetic matrices
of the agarose type (Sepharose XL) do not have gufficient
resolution capacity to separate polymers from IgG
monomers/dimers under the explicit conditions for selective

adsorption of the former in the loading effluent.

Likewigse it will be seen that the most appropriate pH and NacCl
concentration conditions are specific to the type of synthetic
perfusion resin used. Thus for a GigaCap-S® 650M type acrylic
resin at pH 4.85 not more than 0.2 M of NaCl are required,
whereas 0.3 M of NaCl would be required for POROS-HS® 50 um

regin.

It is clear that a person skilled in the art can find the most
appropriate relationship between pH and NaCl concentration for

each type of synthetic perfusion resin.
Example 16

The scaleability of the process 1in steps up to the final
product formulated and concentrated as IGIV with 10% protein
was then checked, examining the compositional characteristics

of the product.

A plasma pool of more than 1000 litres was fractionated with
ethanol to obtain Fr-II+III and purification was continued
until a pasteurised bulk solution was obtained as described in

Example 3.

£.34 kg of the above pasteurised solution (eguivalent to some
26.2 litres of starting plasma), were taken after dilution
with water for injection to an optical density of 27.98 AU
(280 nm) and a conductivity of 0.26 mS/cm, checking that its
pPH was 4.65. Some 0.70 kg of concentrated solution (x 10
times) of 3% tri-n-butyl phosphate and 10% Triton X-100 were
added over some 5 - 10 min with vigorous stirring. The pH was

adjusted to 4.79 by the addition of 0.1 M NaOH. 7.04 kg of



Total protein recovery varied from 98% to 100% faSPSepharcsc XL resin, and from 90 to 100% for
GigaCap-S 550M 10(some 98% at 10 CV and 0.2M Nadi.). The above results show that acrylic
cationic resins (of the GigaCap-S(r) 650M type) like POROS-MS(r) (cationic polystyrene) are capable
of selectively retaining the: pelymesfarmed by pasteurisation afdgGoaithdhe ahility souraduce the
polymer 15 present to 85% (15% recayery) for a protein loading of 155 mg/ml| of del_and a total protein
recovery o%gg%réﬁ\l/}igﬁsly,&ée resucl% E)c‘)sb%éa)éine Oc%n be op%%is%d ir%i Felation tlcr)?ﬁﬁﬂ (rterdbcﬁ\g it),
imorovind #eclobidimeeapacityCachieveder exarnplel 56/me25 CAS(ZIE RItEHIsRINY dgeb). -41- It
has been fgund thattheresing.frlam non-synthetic matrices of the agarose type (Sepharose XL) do not
have sufficient resolution capacity to separate polymers from IgG monomers/dimers under the explicit
conditigns g%nk}sé%lgcti\{le[ ?dsc pgonl\pf @ggcjrm&r} in Ehl% )I:Qadcigggafﬂuel@ltq LifSWiﬁ&Wi"s% seen that the
most appropriate puﬁ and NaCl concentration conditions are specjlﬁlc to the type of synthetic perfusion
resin useda2Thas f6r a Siga®ap-Str) B50M e actyhc reshd at pRE4B5 ndt mioreahan §3EM of NaCl
are requireg, Q- wheteas; 0.3 Mof Nadli yvould he required for ROROZ-HGQ 504gsin. U iselear that a
person skilled in the art can find the most appropriate relationship between pH and NaCl concentration
for each typB ST St peffdsionresth. Exg}ﬁﬁ?ple 6 The Sealdibifty Stthe Process i steps up to
the final prodyetfosmulated and cancentrateichas t&1V with b9 protein wasaheary checked fexamining
the compositjongl ehracteristics of fbe arodurt4 plasma pogl af more han 1008 lies yas
fractionated with ethanol to obtain Fr-lI+11l and purification was continued until a pasteurised bulk
solution was'dBtEIed ag'descrbedinExaniple®8. 2834y of tRBERBOVE FastEtitised Soldfion
(equivalentto.seme2h 2612 litres of starting plasmakweredaken after gilution with: waterfer
injectionan_optical density of 27,98 AT (280 and ¢ nductivit;y of 0.25 mS/cmu cgeckinlg tltﬁat its pH was
4.65. Some1 %af?ﬁﬂgléf concentratét &o uﬁblﬁ%( 1%%[?m5§)38 598 %1264 yl pﬁ%spl)ﬁlgte and 0% Triton
X-100 werevsslutiofivivere . stitalnedand tvere incubatety at asiertdemperatire $08 & 2683Hor up to 6
hours;cThe, fiznbutyl-phosphate cantent was determined, by gas,chiomatographyto be0.28% (2800
Ppm). Subsequently. 1.5 A Nadi solution containing 10 mM sodium acetate at pH 4.85 was added to
reach a findFREET BontehtratioR offd: 278" M. THPresuitintg pH #as 4,815 SiSequehtly6950.9 g of the
solution wereehtained and injestediinte ackdhmm diarmater colwancontaining 740 mhefo
SDR-HyperD(r) resins (from Pall), the resin height being 50 mm. Injection was carried, out at ambient
temperatur%Bé\gr%dL %?gh e%%fv gntkf?o%}%f é.‘lg%\?fﬁourgg%cﬁ?ﬁrg gr# Vel%glu |§h€v£asm %Zl%%d in less
than 2 hoursel hetresultingutojaldaadisigaradio wasn@ €V (6.93 Kg/0<E70 .0 &He Subsequently a
post-%jash 1r§a a cgyﬁd aut usgirISg %&\é o;Q&Z_%I\%NaCl and 10 mM sodium acetate solution at pH
4.85.6.93 ﬁg of‘column effluéntrecovere duri%g |ﬁj€6tion of the product solution were obtained, the
pH being 4.82 and the conductivity 16.75 ms/cm. The tri-n-butylphosphate content was 85 ppm
determined 26 Enadficafly by gaeiontaibgriphy. 5772 kg 6F théBbove efiftfetl wetetaken and
injected intoza 222 athbcalumnof POROSHEIS (Haesins (500pm),) thetcolumnidiameter being:50 mm and
the bed hejght 113 .. The solution was injected. into th lumn at .ambient temperature with a flow
of 25 appr(%J(elanna%eIygg)r(?mmg1 10a8é/l/h%3‘?so% tﬁgtt e lp%)%esg astem s'om%ef%.S ﬁ%)%lrlst%ﬁlthg %(S)Iumn
effluent obtdified defingtibadingethe Praduceas dviiettedt &t evribined With11 TV bPposttwash with
0.275M Nagdd9:mM sediunpacetate anddd% sarbitoli{weight/waight solution-atipH 4.85. 5.776 kg
of the effluent 30 pool from the column recovered during injection of the product solution were
obtained, the DpticRF Gendity b&ing 15508 AG (285 FMY), T pHBEInG 4 82%and e Bondutiivity being
16.95 mS/emod43t Thesahavel effluent podl wastclardiedvby filteriay trughs. iwsrmrandiwas then
hanciltred in series with g pore gradient.of 35.nm, (Blanaya, 38N) + 20.pm (Blanoya(r).20N). When

nanofiltration of the product was complete it was post-washed with a volume equivalent to 5% of the

recovered VBRHTE of tité Shime FeStvash salutiBf uSedfn the POREH RE2EBcotdrhh BE total
process beig some-18 hours.cihequastityefimancfitratesobtained was %797kg, e phlwas 4.83,
the turbidit 21.71 NTU and the conductiyity %1711 nS/tt::m. ]10 bee nagofiltgred solution V\éasijtljtrafiltered
through a é&yg%%?gulf”é%léeméam fane aving% nIRTinar moldctfar cut-0f 150 KDa.>fhe product was
first concentt&ed:8:3 times: frokh &ing 4.84 and the conductivity being 16.95

mS/cm.



optical density of 14.4 AU (280 nm) to approximatety-50 10 AU (280 rim), and then it was diafiltered at
constant volume 15 with approximately 7 volumes of dialysis solution comprising 2 mM acetic acid
adjusted to pH 4.2 0.2 with NaOH. After checking the conductivity (220 us/cm) a sufficient quantity of
concentrateds33%psorbitel Solutient wasadded:to bringrtheifinal &grbital concentration-tougpproximately

5% (weighgvglinrrlne). Ffilr&allywig wa %onceqltg%toegisiotrge 3d5 ti{ples to gcgisevew%r%gpti(a:al d%nrseity of 140 5
AU (280 nm), eﬁluwafient to some 10% of protein, an the pH was ad}usted 0 5.25 0.5 with 0.1 M

NaOH. 552115 bf56lutibn 3t arfinal PHOPS 26, With a turBilityTof SPASNME and A'¢ondUetivity of 1.16

ms/cm 25 were ebtaingd. Thissolution was diltered,thyough$,22 pat;and;desed intoholfies; with the
pH being 5.34, the osmolality 330 mesmikg, the:tyrbidity 4.62 NTU and the conductivity 1.34 mS/cm.
The pFOce%“'s}ﬁ%eafo?’ﬂ%igr%?epe%%‘Jg?%%%r%.oTh’é netered boties Wereheld Bt%° 3¢tand's5 2C for

more 30 thaant5 dayscwitheut showing any sigas ofigellinge orsurbidity-or®sedimentation; iIchances in
colour or tr%%(?g@e%%%eeggvist@g gibrggi(%[gpargg@ges. '{@blehgglsgpw%ﬂée r%}&fgggolyg’@ers, dimer,

monomer and fractions in the different steps of the overall acquisition process. Table 20 Stem of the

process Pélgifet tihier Monehiet (96 Fracions Pasteurised X63.2194.6"2efflderft - 0.EIFOROS

effluent ,cG@6skdity 2.71 NTU and the conductivity 17.1 nS/cm.

10 The nanofiltered solution was ultrafiltered through a
polyvethersulfone membrane having a nominal molecular cut-off
100 kDa. The product was first concentrated 3.3 times, from an
optical density of 14.4 AU (280 nm) to approximately 50 &
10 AU (280 nm), and then it was diafiltered at constant volume
15 with approximately 7 volumes of dialysis solution comprising 2
mM acetic acid adjusted to pH 4.2 * 0.2 with NaOH. After
checking the conductivity (220 ps/cm) & sufficient gqguantity of
concentrated 33% sorbitol solution was added to bring the
final sorbitol concentration to approximately 5%
20 (weight/volume) . Finally it was concentrated some 3.5 times to

achieve an optical density of 140 £ 5 AU (280 nm), equivalent

to some 10% of protein, and the pH was adjusted to 5.25 * 0.25
with 0.1 M NaOH. 552.1 g of solution at a finmal pH of 5.26,
with a turbidity of 5.45 NTU and a conductivity of 1.18 ms/cm
25 were obtained. This solution was filtered through 0.22 um and
dosed into bottles, with the pH being 5.34, the osmolality
330 mOsm/kg, the turbidity 4.62 NTU and the conductivity

1.34 mS/cm. The process time for this step was 9.5 hours.

The metered bottles were held at 5 £ 3°C and 25 * 2°C for more
30 than 15 days without showing any signs of gelling, or
turbidity or sedimentation, changes in colour or the

appearance of vigible fibres or particiles.



98.1 Nanotl_trate L"0.0 3.0 35.5 0.5 FinalconcentrationHfl. 50.06 4.3 95.5 0.1 From the above results
it is apparent that control of the dimer content (<5%), which is achieved as illustrated orevibusly in the
prior examples through adjusting pH and salt concentration, in the product before the POROS column
(in the 10 Rastedrised andbSOR-effluerunakestexceltentadsorption akthe polyimes present (<0.06%)
possible, minimising losses of dimer, 2.6% in SD? effluent and 1,9%-in POROS effluent). Itis
concludedn}tlﬁgtcthlec%l\/serallflp%ggssgfbrﬁc? %(ﬁrr%ngsi}cfﬁf, b?/%:\cggrlgoraot\(ﬁé t léﬂ stgf) e i%n%r#gtﬁln)g.
aggregates/pofigaérs 15 with the SD treatment and its separation, together with nanofiltration,
diafiltration and final formulation is wholly viable and scaleahle, excellent values for final product as
regards polymer content (0.06%) and fractions4@.18%6being obtained. 20 Example 17 The product
obtained .0% IGIV) in Example 16, metered into n ml glass bottles at 10 ml per bottle, hermetically
sealed with-a 20 mm-Q butyl.rubber-stopper weresstored at ambient temperature (255G . protected
from the light, for 12 months. -45- After a time which, was established as being approximately 1 year
they were-inspected-visgally physical-appearance)apd-the parameters;mgst representative-stability

were determined-analytically-The-values-ebtained-at the-start{t=-50)-gnd-end-of storage-(t= 1 year)
are shown-in-Table-21Likewise the-normal-values-obtained-on-anindustrial-scale-using-the state of
the art (Patent ES-ZO}E)f(%f)lOi) are also includ able 21 M1, 7.ER TIME - (
Nancofiltrate £0.06 3.0 96.5 0.5
Final concentration (0.2 u) <0.06 4.3 95.6 0.1

From the above results it 1s apparent that control of the
dimer content (£5%), which 1is achieved asg illustrated
previously in the prior examples through adjusting pH and salt
concentration, in the product before the POROS column (in the
10 Pasteurised and SDR effluent) makes excellent adsorption of
the polymer present (£0.06%) possible, minimising losses of

dimer IgG (2.6% in SDR effluent and 1.9% in POROS effluent) .

It is concluded that the overall process for obtaining IGIV,
by incorporating the step of eliminating aggregates/polymers
15 with the SD treatment and its separation, together with
nanofiltration, diafiltration and final formulation is wholly

viable and scaleable, excellent values for final product as
regards polymer content (£0.06%) and fractions (0.1%) Dbeing

obtained.
20 Example 17

The product obtained (10% IGIV) in Example 16, metered 1into

20 ml glass bottles at 10 ml per bottle, hermetically sealed
with a 20 mm & butyl rubber stopper were stored at ambient

temperature (25%5°C), protected from the light, for 12 months.



TI.ME -1 year (T:20-30C) 9pecii. ca.,n (Eur.Ph.) p6%-5.34 5.28 Turbidity(N71.7) 4.62 7.09
Conductivity (mS/cm) 1.34 0.63 n.e. Osmolality (7.0s/kg . 330 357 1'240 - ' Polymers(5 HPLC) co.00
0.27 43.0

After a time which was established as being approximately 1
vear they were inspected visually (physical appearance) and
the parameters most representative of stability were
determined analytically. The wvalues obtained at the start (t =
5 0) and end of storage (t = 1 vyear) are shown in Table 21.
Likewige the normal wvalues obtained on an industrial scale

uging the state of the art (Patent ES-200100101) are also

included.
Table 21
PARAMETER TIME = 0 TIME = 1 year Specifications

(T:20-30°C) (Eur.Ph.)
pH 5 .34 5.28 4.0-7.4
Turbidity (NTU) 4.62 7.08 n.e.
Conductivity (mS/cm) 1.34 0.63 n.e.
Osmolality (mOs/kg) 330 357 »240
Polymers (% HPLC) <0.06 0.27 <3.0
Fragments (% HPLC) 0.09 0.92 <5.0
1gG; (%) 67.7 67.5 (equivalent to plasma)
IgG, (%) 26.2 26.2 (equivalent to plasma)
IgGs (%) 3.3 3.1 (egquivalent to plasma)
IgG, (%) 2.7 2.6 (equivalent to plasma)
PKA {(UI/ml) <2 <2 <25
ACE (CH,y/mg) 0.79 0.89 <1

10 n.e.: not established; Eur.Ph.: European Pharmacopoeia

As far as visual appearance is concerned, there was found to
be no deterioration in the samples both as a result of the
presence of particles (fibres, clots or sediments), or
turbidity (transparent) or colouration (colourless). It is
15 concluded that the product obtained was stored essentially

unchanged (polymers, enzymes such as PKA, ACA, etc.) for 1

year at an ambient temperature of 25 * 5°C, the product
complying with the values stated in the European Pharmacopoeia

(Eur.Ph.) .

20



Fragments(* HPLC) 0.09 0.92 45.0 TV,(%) 67,7 64¢5 (equivalent to plasma( 16152(*) 26.2 26.21
(equivalent to plasma 1902.(5) 3,3 3.1 (equivalent tcplasma IgGc 2.7 2.4 (equivalent to plasma'’
PEA(3311J c2 c2 425 A(73_mg) 0.79 0.8

Example 18

One lot was processed at a preparation scale size equivalent
to Example 16 with only one change in the order of the
sequence of viral inactivation steps, such that treatment with

Sh was carried out on the initial diafiltered material and

w1

then these reagents were adsorbed with SDR-HyperD® resins, and
then the rest of the process steps required to obtain the
product according to the invention, that is pasteurisation in
the ©presence of sorbitol and the capture of wmolecular
10 aggregates using POROS HS perfusion resins, were performed in
the same way as in Example 16. Finally, the product obtained,
stabilised with 5% sorbitol, was raised to the 10% protein
concentration of IGIV, sterilised by filtration and metered

into 20 ml glass bottles. The bottles hermetically sealed with

15 a butyl rubber stopper were stored in a cold chamber at 5 *
3°C for approximately 1 year and then the most significant
parameters for stability, including visual inspection, were
determined. The results obtained at the start (¢t = 0) and
after storage (t = approximately 1 vyear), together with the

20 Eur.Ph. gpecifications are shown in Table 22.

Table 22

PARAMETER TIME = 0 TIME = 1 year Specifications
(T: 2-8°C) (Bur.Ph.)

PH 5.23 5.18 4.0-7.4
Turbidity (NTU) 7.6 6.0 n.e.
Conductivity (mS/cm) 1.45 0.64 n.e.
Osmolality (mOs/kg) 384 399 >040
Polymers (%HPLC) 0.30 0.40 <3.0
Fragments (%HPLC) 0 0.32 <5.0
IgG; (%) 67.6 70.2 (equivalent to plasma)
IgGs (%) 25.4 26.9 (equivalent to plasma)
IgG: (%) 4.2 4.0 (equivalent to plasma)
IgG, (%) 2.8 3.2 (equivalent to plasma)
PRA (UI/ml) <2 <2 <05




10 n.e.: not established; Eur.Ph.: European Pharmacopoeia As far as visual appearance is concerned,
there was found to be no deterioration in the samples both as a result of the = presence 2i
particles(fibres, clots or sediments),or turbidity (transparent) or colourarion (colourless). It is 15
concluded#tat the/product obtained wasestored essentially unchanged (polymers, enzymes such as

PRA, ACA B[C T oIk year aban a‘ei?nﬁﬁ%mpﬁrar%péﬁsaabp'm%g%%gecmpiying Wit the values
stated in the European Pharmacopoeia (Eur.Dh.). -46- Example 18 One lot was processed at a
preparatiorzlX sc§le size ea:diva ent}tlo Elxga plg 16 Withn%rély Pgecgh%neqfenig thle ordeé o] thuen%equence of
viral inactivaﬁionasrte%%, Sach fhattreatment with 5 80 was carried out on the Elia‘?ligflteredp material then
these reagents weleeadsorbed withrSDR-HyperD{ry resinsithen tHérestaftheeprotessstEps required
to obtain preduct.agcarding tg the inyentionthatds pasteurisation inthe presence-qf;sorbijol and the
capture of molecular 10 aggregates using POR08 HS, perfusjon resins, were performed in the same
way a8 in EX&mpe 18, Finali§ Hesroduct obthined® STabifsedPHith 595 5015itdt Sivas raiséd to the 10%
protein concesdtation ofd&dYnsterilised by fitteation and metered info 20rmhglagsdottles. Fhe bottles
hermetically sealed with 15 a butyl rubber stopper were stored in a cgld chambe + for
approxima%@yfn%:asr/ a%hnréL then' ?h% rﬁggt s?grncfﬁcgé}nﬁty ﬁaj’r%mg?ezr@g? stasﬁllﬁ%/, i%%:lug%§vis§g inspection,
were determined.tHae resultsobitamedlat the stert (t =0) andafterstorage (b£ approxihtately 1 year),
together with the Eur.Ph.. specifications are n n Tab Labl . bidat (NTU) 7.66.0
Conduct, 1. 50.54 C %%olaﬁ@%aﬁ Elalg 2?%%%0:%%%28%)& S&Zuibi%%t i) e

10 European Pharmacopceia (Eur.Ph.).




Fragments (5210) I  1IgG: I M 67 . 6 70.2 (equivalent to plasma) [l:4G2! (.,;-) 25.4 26.5 (equivalent
to p_asma; ;lgl/42-;) 4.2 4.0 (equivalent to plasngig) NaG4 (7)

CLAIMS

1. A process for obtaining an IgG composition from an IgG
solution partly purified from human plasma comprising the

steps of:

5 &) diafiltering the partly purified IgG solution;
b) stabilising the solution obtained in step a);
c) heat treating the solution obtained in step b);

d) selectively adsorbing high molecular weight aggregates
and/or polymers from the solution heat treated in step ¢)

10 through cation chromatography; and

e) diafiltering and formulating the solution obtained in step

d) .

2. A process according to claim 1, characterised in that the
gsaid process 1s carried out starting with an IgG solution
15 purified from human plasma having an IgG content of more than

95% in relation to total proteins.

3. A procesgeg according to claim 1 or 2, characterised in that
sald process 1g carried out starting with an IgG solution
purified from human plasma having an IgG content of more than

20 97% in relation to total proteins.

4. A process according to any one of the preceding claims,
characterised in that the diafiltration step (a) is carried
out until the ethanol concentration is 1less than 0.5%

(weight/volume), preferably less than 0.1% (weight/volume) .

25 5. A process according to any one of the preceding claims,
characterised in that the diafiltration step (a) 1s carried
out until the concentration of non-denatured precipitation

reagents such as PEG, octanoic acid, compatible non-ionic



2.8 3.2 (equivalent to plasma) 1 | :PUJI. (Ellirri) <2 <2625 1J -47- ACA (C57/mg-C40.35 n.en: not
establishur.Pn.: European Pharmacopoeia As faftds visual physical appearance is concerned it was
found that there had been no deterioration in the samples through the presence of particles (fibres,
clots or sedinentsgrarsurbidity (teansparehtror-eolouratier {coloutrtess)1Ehe produet obtaibed was

stored essep(ally unchanged (e,g polymersiragments,and proteolylic.enzymes such gs FIKA) for
I ht

I
more than approximately 1 year at a temperature of 5 200, the product complying with the values

specified i 3¢ 10 E opeahy PHarfdcopoRi€fEGr.Ph.). 48 CLAIMS 1. A process for obtaining an 1gG
composition from an IgG solution partly purified from human plasma comprising the steps of: R a)
diafiltering dhe partly pusiied 1gGosalutign; dostabiising.thecsolution obtainedinstepla)i me) heat
treating the.solution ohtained.in step: b);. ) seleciiyely.adsorhing high molecylar weight aggregates
and/or polymers from the solution heat treated in step c¢) 10through cation chromatography; and e)
diafiltering @t ferrhtilatingthe Sohutiof obtamed if Step @), 2EAPBroeess gecading toslaing 1,
characterised;in that the saig/process is carried out starting with an IgG solution 15 purified from
human plasma having an IgG content of more than 95% in relation to total proteins. 3. A process

according tP.Clilmg!r%c%’scshagaccéggé?i%én t@gt any one of the preceding claims,
characterised in that the pH value at the end of step (a) is

10 within the range from 4.2 to 6.0.

8. A process according to any one of the preceding claims,
characteriged in that the diafiltration step (a) is carried
out with water for injection or with a buffer solution of low

ionic strength.

15 9. A process according to claim 8, characterised in that the

buffer solution of low ionic strength is a < 5mM solution of
acetic acid or sodium acetate, having a pH between 4.0 and

5.0.

10. & process according to any one of the preceding claims,
20 characterised in that the diafiltration step (a) is carried
out in tangential flow wmode across membranes having a

molecular cut-off between 10 kDa and 100 kDa.

11. A process according to any one of the preceding claims,
characterised in that in the diafiltration step (a) the
25 proteins are concentrated to a concentration not exceeding
some 5% (weight /volume) , preferably between 2% and 4%

(weight/volume) .

12. A process according to any one of the preceding claims,
characterised in that sorbitol is used as a stabilising agent

30 in the stabilisation step (b).



said process is carried out starting with an IgG_solution purified from human plasma having an 1gG
content of more than 20 97% in relation to total %roteins. 4. A process according to any one of the
preceding claims, characterised in that the diafiltration step (a) is carried out until the ethanol
concentration.isdess-thars6. 5960 {weightévotume) sRreferably lessdhan1.496 (iweightAwolunme) . 25 S. A
process acgording 1o any one of the preeeding ¢l sharacterised in hat the diafiitration step (@) is
carried out Until the concentration of non-denatured precipitation reagents such as PEG, octanoic acid,
compatibleifonlioffc 49@eter§énts & By mMisadE theredfizde g5 thar 206 fivelght/AB Rifte)and in any
case will natygivedisesto-meye than 3% of polymer after step c). 6. A process according to any one of
the preceding claims, characterised in that the diafiltration stepis carried out until the ionic strength of
the starting. lan, solution.is less than 1.ms/cm. _7. A process accordin ny one of the preceding
claims?,g ch%altlrgéte%sepdT %Cﬁsétgtr%e%%rv%aa atg: eaenr%ﬁ o(%)r}s%epgéf:a) % :%LO %%1%%% ?an‘%gg—ifé(.%nrﬁJ ‘4.2 10 6.0.
B. A proces$-atesiding $6 any oné ot the-preceding TlaiMs LEf&ractietisEd iy #eat the diafilidtion step

(a) is carried gut withpuater for; injection-ar witha byffer solution of low ionic strength_ 15 9. A process
according to claim 8, characterised in that the buffer solution of low ionic strength is a 5mM solution of

acetic acidlcg_sogiu&n 1 acetate, i‘@%’}% _ Qgtwgl%p 4.0 gngg.och%o. gg%%%ﬁgacg%qjgg ,to any one

of the preceding claims, 20 characterised in that the diafiltration step (a) is carried out in tangential flow
mode acroS§#émbraiies Ravifg BiRbleehfar BaRbff PERREBATD k¥4 &d 100 KDLATE &R Process

according teany-aneof thapraceding claims,charaptersegrn that ia therdjafilrationrsteps@) the 25
proteins are concentrated to a c%pcentration not exceeding some 5% (weight/volume), preferably
between 295 a1 4% (walhtA/oI®&) S - 12. A process according to any one of the preceding claims,
characterised in that sorbitol is used as a stabilising agent 30in the stabilisation step (b). 50 13. A
process actbrdidy o €lams 12 26harattaisetan Bt e eortentrafioP 6F S6Fbiid used ithe

stabilisationstep (h)is:less than 50%dweightmeight),.and peaferably iscbetween 30%-and 35% by
weight. 5 14. A process according to any one of the preceding claims, characterised in that the PH is
adjusted toBétwidert4 IASRRIFSEATT tind stabifisation stept(b).” 157 A'ptocess according to any one of

the preceding claims, characterised in that the heat treatment (step c) is carried 10 out at a
temperaturebetween 55€san=68Cy forartime ofbetween band 24 houesiedbna proeesssaccording to

any one of fhe preceding claims, charactgrised in that fhe heat freatment (siep.q) is carriedsout at a

temperature of 60 1C, for 10-11 hours. 15 17. A process according to any one of the preceding
claims, chatattetized! iRthatthe détertive dsdrgforr Stepr R G fida!butiAa"8fong cation exchange

chromatography column. 12. A process according to claim 17, characterised in that the
18. A process according to claim 17, characterised in that the

strong cation exchange resin comprises at least one of the
20 cationic sulfone groups such as sulfonyl, sulfonic, or
sulfopropyl groups covalently bonded to an insoluble synthetic
perfusion matrix comprising polymethacrylate or polystyrene

whose particle size varies between 20 and 100 um.

19. A process according to any one of the preceding claims,
25 characterised in that in the selected adsorption step the

injection flow is 5-30 column volumes/hour.

20. A process according to any one of the preceding claims,
characterised in that sodium chloride is added to the solution
heat treated in step ¢) up to a final concentration of between

30 0.2 and 0.5 M (mol/litre).



strong cation exchange resin comprises at least one of the 20 cationic sulnone grouts such as sulfonvl,
sulfonic, or sulfopropyl groups covalently bonded t8 tan insoluble synthetic perfusion matrix comprising
polymethacrylate or polystyrene whose narticle size varies between 20 and 100 pm.  19. A process
according o anyroneroithespreceding iclaims p25c¢haracterisedcimethat ire thesselected adtsal_gtion step
the injection.flow is 3:30_colupn.yolumes/our,, 20, Ajrogess according-to.any ane gf the preceding
claims, characterised in that sodium chloride is added to the solution heat treated in step ¢) up to a
final conceftratiotrofBethect 300 22a8nd ©. S/Fiepllitte} 21 A pPocess according to claim 20,
characterised in that after the addition of sodium chloride the ph of the solution in step c) is adjusted to
between 422 and.5 5r22 A prosessdiceording tongnyore of thelpreceding tlaimsstharasterised in
that in.the seleclive adsorptian, siep,betwean and LQ s ol desiparedysed s aachka.af 196 (d)

requiring purification, which is equivalent to a loading of between 100 and 1000 ma of IgG/m1 of resin.
23. A procéssiacotding 16 80§ ofe of Hifé pretedlingsEdimtso 1 0cHaractsrised if Wat e selective

adsorption.stgpelytion is\carred ou 4ising.a degreasing saling gradients 24. Aquacess ageording to
any one of thevprecedin clai S, %haracterjised int ttf%e process comprises at least one additional
viral inactiVaioR7&imiratioh freafent'Stept 15%58 A process aBcording to claim, 22, characterised in
that the additional viral inactivation/elimination treatment steps are carried out before or after the heat
treatment Step. 2E DA PFEESssAEOF it to P22, eR&ratterised iRt tHe ddifiohalral

inactivationfelimination teatment step is20-carriegieutday cubatien at @cidspHdndhapresence or
absence oggegsin, oré)y treatment with gon-ionic. deter%?ntsA ionic solvents or by nanofiltration. 27. A

process according to-ahy onie ot the preceding claints, charactetised in that the diafiltration step (€) is

carried 25 out with water for injection or with a buffer solution of low ionic strength. 28. A process
according td any*ome 8f RS preeetiffgie1aints charactisedin it irPi-aiatiitFation 3té(e) stabilisers
for the finatformulation ase added.c B2: 29 Aeprecesssaccordingto slaim 28, charasterisedkin that the
pH of the finifc!i f%rmulaiion is bletween 4.6 atnd 5.8. 30..A£{0cesstacc%rdin%to any one of the
preceding &faims- charactefised i ivat the diafiltration step (8) is carfied 5 out in the tangential flow
mode through membranes havind a molecular cut-off between 10 )(Da and 102 kDa. 31. A process
accotding f6an} oREGTARE precedimgrdairfs, CriardctetisedirtRatmrthediafiffrafion stéf te) the

proteins argseoncemeated-to-avaluesetbetweem 380 and22%A0(Whdatment steps are

carried out before or after the heat treatment step.

26. A process according to claim 22, characterised in that the
additional wviral inactivation/elimination treatment step 1is
20 carried out by incubation at acid pH in the presence or
absence of pepsin, or by treatment with non-ionic detergents,

ionic solvents or by nanofiltration.

27. A process according to any one of the preceding claims,
characterised in that the diafiltration step (e) 1s carried
25  out with water for injection or with a buffer solution of low

ionic strength.

28. A process according to any one of the preceding claims,
characterised in that in the diafiltration step (e)

stabilisers for the final formulation are added.
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29. A process according to claim 28, characterised in that the

pH of the final formulation is between 4.6 and 5.8.

30. A process according to any one of the preceding claims,
characterised in that the diafiltration step (e) 1is carried
out in the tangential flow mode through membranes having a

molecular cut-off between 10 kDa and 100 kDa.

31. A process according to any one of the preceding claims,
characterised in that in the diafiltration step (e) the

proteins are concentrated to a value of between 5% and 22%

(w/v) .



