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pretpro€d by the process, such as therapeutic antibody
products. Accordingly, the present disclosure
provi des, a process for concentrating proteins

Summary
In general terms, the present disclosure generally relates to processes for

concentrating proteins, such as processes for concentrating an antibody preparation,
pharmaceutical formulations containing such a preparation, and there use in human
therapy or animal therapy.

In embodiments the present disclosure provides processes for preparing
highly concentrated proteins, such as antibody preparations; and therapeutic
products prepared by the process, such as therapeutic antibody products.
Accordingly, the present disclosure provides, a process for concentrating proteins
comprising: a first ultrafiltering of a first antibody preparation to provide a second
antibody preparation; a diafiltering the second antibody preparation to provide a
diafiltered intermediate antibody preparation; and a second ultrafiltering of the
diafiltered intermediate antibody preparation to provide a third antibody preparation
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wherein one or more of the first ultrafiltering, the second ultrafiltering, and the
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process flux and process tinme, in enbodi nents o
pr gudity, idi exgiodgnerds ofthGpresad disetasurgh 25 il l ustrates

various ;B82S Y St 2 ilEARS IR LARLLSAIS 1 88 erature on bioburden
control, in embodiments of the present disclosure.
FIG. 22 illustrates the effect of elevated temperature on process flux and
process time, in embodiments of the present disclosure.
FIGS. 23 through 25 illustrates various observed or measured process values
over various phases or mode of the scaled-up process, in embodiments of the present
disclosure.

Detailed Description

Various embodiments of the present disclosure will be described in detail
with reference to drawings, if any. Reference to various embodiments does not limit
the scope of the invention, which is limited only by the scope of the claims attached
hereto. Additionally, any examples set forth in this specification are not intended to
be limiting and merely set forth some of the many possible embodiments for the

claimed invention.
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fragments, so long as they exhibit the desired biological activity. An antibody is a
protein generated by the immune system that is capable of recognizing and binding

25  to a specific antigen. Described in terms of its structure, an antibody is a Y-shaped
protein consisting of four amino acid chains, two heavy and two light. In a
simplified model sufficient for this appeal, each antibody has primarily two regions:
a variable region and a constant region. The variable region, located on the ends of
the arms of the Y, binds to and interacts with the target antigen. This variable region

30 includes a complementary determining region (CDR) that recognizes and binds to a
specific binding site on a particular antigen. The constant region, located on the tail
of the Y, is recognized by and interacts with the immune system (Janeway, C.,
Travers, P., Walport, M., Shlomchik (2001) Immuno Biology, 5th Ed., Garland

Publishing, New York). A target antigen generally has numerous binding sites, also
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classes or isotypes. There are five classes of immunoglobulins: IgA, IgD, IgE, IgG,
and IgM, having heavy chains designated ¢, 6, €, , and y, respectively. The yand o
classes are further divided into subclasses on the basis of relatively minor
differences in Cy sequence and function, e.g., humans express the following
subclasses: IgG1, IgG2, IgG3, IgG4, IgAl, and IgA2.

The term "variable" refers to the fact that certain segments of the variable
domains differ extensively in sequence among antibodies. The V domain mediates

antigen binding and define specificity of a particular antibody for its particular
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population of substantially homogeneous antibodies, i.e., the individual antibodies

comprising the population are identical and/or bind the same epitope(s), except for
possible variants that may arise during production of the monoclonal antibody, such
variants generally being present in minor amounts. Such monoclonal antibody
typically includes an antibody comprising a polypeptide sequence that binds a target,
wherein the target-binding polypeptide sequence was obtained by a process that
includes the selection of a single target binding polypeptide sequence from a

plurality of polypeptide sequences. For example, the selection process can be the
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30  sequence although the FR regions may include one or more amino acid substitutions

that improve binding affinity. The number of these amino acid substitutions in the
FR are typically no more than 6 in the H chain, and in the L chain, no more than 3.
The humanized antibody optionally also will comprise at least a portion of an

immunoglobulin constant region (Fc), typically that of a human immunoglobulin.
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held together by disulfides. The effector functions of antibodies are determined by
sequences in the Fc region, which region is also the part recognized by Fe receptors
(FcR) found on certain types of cells.

"Fv" is the minimum antibody fragment which contains a complete antigen-
recognition and -binding site. This fragment consists of a dimer of one heavy- and
one light-chain variable region domain in tight, non-covalent association. From the
folding of these two domains emanate six hypervariable loops (3 loops each from
the H and L chain) that contribute the amino acid residues for antigen binding and
confer antigen binding specificity to the antibody. However, even a single variable

domain (or half of an Fv comprising only three CDRs specific for an antigen) has
8
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protein composition or antibody composition that includes the steps and ingredients
listed in the claim, plus other steps and ingredients that do not materially affect the
basic and novel properties of the composition, such as a multiplicity of steps or
buffer media. Ingredients that materially affect the basic properties of the
30 composition and method of the present disclosure impart undesirable characteristics
including, for example, bio-burden, such as the undesirable toxicity or irritability
associated with contaminants.
The indefinite article "a" or "an" and its corresponding definite article "the"
as used herein is understood to mean at least one, or one or more, unless specified

35  otherwise.
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amounts that differ due to aging of 'a conposition wth
a Peiiltedng toradeampligh 2 befifrenchaagt ohcamstant wilume; arithe
term” aggg&;nd ultrafiltering of the diafiltered intermediate antibody preparation to
provide a third antibody preparation as the retentate, having a greater antibody
concentration of, for example, about 150 to about 200 grams per liter.
The preparative processes of the disclosure can further comprise an optional
product recovery step or steps, for example, and as disclosed and illustrated herein.
In embodiments of the above-mentioned process of the disclosure, one or
more of the first ultrafiltering, the diafiltering, and the second ultrafiltering, can be
accomplished at, for example, from about 30 °C to about 70°C. In embodiments,
these steps can also be accomplished at, for example, from about 30 °C to about

50°C. In embodiments, these steps can also be accomplished at, for example, from

about 35 °C to about 50°C. In embodiments, these steps can also be accomplished
10



al so enconpasses anounts that differ due to m xing or

processing a conposition with a particular initial
woanm@diseat i on or m xture. Wiet her or not nodi PCeASkNS/031844

the term"about” the clains include equivalents to the

quantities. "Consisting essentially of refers to a

pr ot eibs exdmm@tabbut 450°C) socinaehdh abet 45M°0 Sud or minus 5°C.

co osi tion or anti bofd onpositign that includes the

PeirS ngh Ui e O 9B QP ReRRE R, dPepapessrs Apgmplshed o

St B p@afrdB6eE hsk Fotdahe ?&g&gﬁ ﬂrﬁltg? h& s ?fo{‘ §&Lrioration,

t he basi ¢ and novel propert conpo
5s ucluclags éenatiiration), aggltnylemtlos,teelﬂshke pheadriaa. Fed) pmcesses

pr o gﬂﬁ@%ﬁ? ésile%]a tt%]tf%)ga&er I 1{’% e@qﬁép E(bg? 5| %§ e the flow rates are
pr aspioillytisiekiely Rv BRBplocsss daks %?&&rﬁle@ii’a%ﬂﬁ %rﬂnakihg%e

i nc dlng, for exanpl e, bio-burden, such
undEesesHl lewenirmprrajures less aifractisiel for @iﬁa@%@m@me@lal\nptqductlon

cont ani qﬁg%ﬁgmtg 'ﬁ?el nl g!gftg)roﬁ;% é!ﬂ% 1ﬂ1§panoéavlﬁ Sag&n? Qody

its correspo

10her@hceniatiomoe If(ﬁthGﬁlka fiseegboat 0/1eaabone) gtdmOp 1idér (g/L).
nor.eg, un{p s specifjed ot herw se. The present
di skiegad @fypqx)@g?rg@‘s‘lon 1, i g8 HIpife Ac@mMmQgconcentration typically

o S BRI TR ARG AP ManBOAE Bl aftn 3! BPfods
di sutloss, cegtrifugetion, didaatidrn, \zhroprau@aﬁgsamﬂaqusrochmms é[‘he
i PURE FPeBL P Oh Breae Oy APRaRDjs ek A g re Gl can

153S Havé hd MhtiHddRREnAREGES SRS aRpR! BbASbBht 10 iseabout 50 grams
substances from natural of synthetic sources, and

whirshlifsr.cad fersexemplh @bow @b abaut 40rgems py lﬁat Bimhcag i3@grams per

ti,o ast hma ncer
ot s R AR g SRR By aniocy
C onflégat08.cah ﬂe@ifdQ@)bﬂEM Sxaﬁhflplé hebaddioy f FRfrs, 306las sample
proc ss for preparin concentrated anti body

mpic Hpea l%‘@gkﬁs\ﬁ%a pattigulppbylisticagtaining ﬂp@rsecond
t
02?5“522‘2@51‘*3%%&%% Tt feneiptaibdl JREFRAGH dali have an anibody
entvoncembmtion of fdarkexampies elmut @b se himsati B & granhepe lite and ﬂ’(lje third
f hi ghl trat
DA HED oL areve FoFR Bedgraceieter o 1 Fgpie, from about
acqguRb hisdut D00 bfigns R |119éi"' e HifPtibOdY PepAatss, in embodiments,
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can have an antibody concentration of, for example, from about 50 to about 250

25  grams per liter, such as from of about 100 to about 230 grams per liter, and from
about 170 to about 200 grams per liter, such as 185 grams per liter.

It will be apparent to one skilled in the art, upon comprehending the present
disclosure, that the intermediate antibody preparation and third antibody preparation
comprise the same ultra-filtered retentate except for, for example, differences in the

30  antibody concentration resulting from the first and second ultrafiltering
concentration, and differences in the suspending buffer media resulting from the
diafiltration buffer exchange. Thus, there is little, if any, compositional change,
such as degradation, of the target protein or antibody product, in embodiments of the

present disclosure.

11
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In embodiments, the first antibody preparation can contain, for example, an
antibody having an apparent molecular weight of, for example, about 100 to about
200 kiloDaltons. In other embodiments, the first antibody preparation can contain
an antibody having an apparent molecular weight of, for example, about 150
kiloDaltons, such as when the antibody preparation comprises anti-IgE antibodies or
IgE, see for example, U.S. Patent No. 6,172,213 assigned to Genentech, Inc.

Other antibodies suitable for use in the present disclosure include cancer
treating antibodies, see generally, for example: PCT/US02/19592;

PCT/USO01/20118; PCT/US01/25464; PCT/US01/26626; PCT/US02/28859;
12



avai l able fromother prelimnary protein or antibody
purification steps or nethods, such as, .
woenisr3fssgat i on, filtration, chromatography, ardTiUSk®5/031844
procedures. The resulting second anti body preparation
obtainable fromthe first ultrafiltering can have an
antRGHHP 0261 88t RGE/USA2/2206; RC WSO 14; PAT/EBO212419; and

. liter,.and f | e, about, 2
t o Ropis0g0 b RebBher sirfbuied FumblE 3 g ufs pact disclosure
| i tiggluddar angen‘zoranﬁb&iyadhtdi1&@%ti§6uieseiﬁklﬁla¥d§%n%, ﬁ&fe}émnan,

i nternedi ate anti body preparation can depend upon, r
Sex dppies, hybrih jaad ehimsticiiamon rSee fouetampie HehrPlateny Do ub682,959

an ‘Wl X [ ' jGu buf f

cogt ai ni r?gld%g %agéé@rég%g?%tl nodé/rkg?%@i?%ﬁc{%ﬁh%n \_%GF)'

i nter nedhahﬁ;odhnéﬂns?dmimrdﬁsailidﬁd@{)wmﬁﬁ 5&@9@5 : pagfa;tatdﬁsdsanﬁure
ti of, for exanple, about .0 about .,

S?gﬁﬁgﬁﬂ%ﬁ]@ﬂr Wﬁlﬁ@tﬁﬁnﬁ%qﬂl%ﬁr{ﬁgbSbs}mmlé?sﬂ{aafii bymanh

h . . i LT I 4 .

BB ORI i Ry f i
10antdesiguation; epackas arijboidy fraginentis mﬁmbx?mpla?F&baF@gaﬂtang F,). See
ti Lon of . for exa e,, from abou )
20 So8 SB0E STl e Ly AR TRkt S hcion

10QetknigdedWnd 23Dk 275, BRY7,INAREL DALY, flﬁég,nNékb %16,;(3987).

to about 200 grams per liter, such as 185 grans
liter. INMongdaenapantiegdies arty alse herused kid tanchd isolated fmmt phage

: ' r.esent di.scl.osur t ha
PP RARG s o RIS Moo SR R ieRser A (4B Narre,
15 pr 85216244626 and Miirks; @t 41nE 998N Mblt Bavif 231:88 2697, Gbesdadipte.
or exanple, differences in the antibody

f

conBclape] enihodisa g R antibodies iandigepaion of

| . . _ el he
B T ST —
di af antibodids aeribed frem aqoactitmﬂujepec'fé‘ﬂm,betdglg’frg tga pattidul ],cantibody
[ | ch , ) gradation, o
e SHTEEE il e el e cegrodatin o

20 of hbAR1dPoaS BN dorfbSnldRHeufRRY ﬁ%‘tiﬁ&ﬁlle? WrivVedFidnl ARith@pecies

concentration nmethods can have generally greater tine
an@r belerging tthanstlagy-aptibodyrmbdss joc swhvbiss s valli asdragments of such

i.der ab | ! [ syuch as seve ay.
¢S ALy b By AT B TRE PR Eia RS, Ao
VOKIBT8567 OinddMbfisoh et QI PIHAYPRES NG cld. BELTU A, 81:6851-6855).
cog}gentr_ati,on process of the disclosure can be
ac

HpsTsHEbories camincluda rptimatizeds antinslies cpmpaising variable
25 NOHEBainPnBEEL-Bat g J3q 1B AR #5m a non-human primate (e.g., Old
World Monkey, Ape etc) and human constant region sequences.

Monoclonal antibodies are highly specific, being directed against a single
antigenic site. Furthermore, in contrast to polyclonal antibody preparations that
include different antibodies directed against different determinants (epitopes), each

30  monoclonal antibody is directed against a single determinant on the antigen. In
addition to their specificity, the monoclonal antibodies are advantageous in that they
may be synthesized uncontaminated by other antibodies. Thus, the modifier
"monoclonal” indicates the character of the antibody as being obtained from such a
substantially homogeneous population of antibodies, i.e., the individual antibodies

35 comprising the population are identical except for possible naturally occurring
13



to 5 hours, and nore preferably in about 3 hours. The
preferences favor higher flux through-put and smaller
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30

Ot hére acitimbridiebalyi 4 hhenitat antibedy may kentairesesthpletely human
TN AT R —
18 defiel 53R W/1r@fHd ThRGBAMREL. 20RRGic ﬂ%?t%#%%%g @%%%ed antibody

PCT/ US02/ 41798; PCT/ US02/ 12206° PCT/US03/ 11
PCyfterseang frempCDRadn murine antibodies. In any event, these regions are crucial

to allow the antibody to recognize and bind to a specific antigen.

As noted, murine antibodies play an important role in antibody technology.
While useful for diagnostics and short-term therapies, murine antibodies cannot be
administered to people long-term without increasing the risk of a deleterious
immunogenic response. This response, called Human Anti-Mouse Antibody
(HAMA), occurs when a human immune system recognizes the murine antibody as
foreign and attacks it. A HAMA response can cause toxic shock or even death.
Chimeric and humanized antibodies reduce the likelihood of a HAMA response by
minimizing the nonhuman portions of administered antibodies. Furthermore,

chimeric and humanized antibodies have the additional benefit of activating
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PCT/ US02/ 33050. Still other antibodies suitable for
use in the present disclosure include an anti-CD20
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hi ghl.y. specific, being directed against a single

ant eélyel?ﬂo Dsite. Furthernore, in contrast to pol ycl onal

ant i bodyn pmepd@aRhtsOfR firbailtrhMedritdRofbdntate8 Me first antibody
anti bodi es directed against different determ nants

( ePrangéion to pravitethp sreond antibody ipbendyation havingenedtibody
a9abA%htBicH Mb%u% gﬁs%%pfiteg%ﬁ e sae@ct)lllcp{fl?raﬁftgring concentrates

the intermediate antibody preparation (obtained from diafiltering) to provide the

third antibody preparation having an antibody concentration of, for example, about
170 to about 200 grams per liter. The first ultrafiltering and the second ultrafiltering
can be accomplished with the same ultra-filter membrane, and if desired, within the
same vessel or process circuit, for example, to minimize handling, losses, leakage,
and like impacts on yield, efficiency, and economy. The first ultrafiltering and the
second ultrafiltering can be accomplished with any suitable ultrafilter apparatus or
ultrafilter membrane. Many suitable ultrafilter apparatus and ultrafilter membranes,
which are capable of tangential flow filtration (TFF) operation to accomplish the

ultrafiltrations and diafiltration, are commercially available, such as from Millipore,
15
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The nonhuman, synthetic portions of a humani zed

antCPBBgRFatiAmsen come from CDRs in nurine antibodies. In

any eve i ' . Lyl oWt .

ant i body "SI E e S Baf tElelenh A h ik fring or
preferably accomplished with tangential flow filtration (TFF mode) across an ultra-

filter membrane, and the ultra-filter membrane is preferably the same membrane for
each step. The yield of product in the final pool (i.e., the third antibody preparation)
can be, for example, greater than about 70 weight percent, such as from about 80 to
about 100 weight percent based on the weight of antibodies in the first antibody
preparation. The yield of the third antibody preparation can be, in embodiments,
greater than about 90 weight %, in embodiments, greater than about 95 weight
percent, and in embodiments, even greater than about 98 weight %, based on the

weight of antibodies in the first antibody preparation.
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The preparative processes of the disclosure are preferably accomplished in
the same apparatus and without operator intervention or with minimal operator
intervention, for example, as illustrated in FIG. 1.

The first antibody preparation can be provided or prepared using a variety of

30  chemical, physical, mechanical or non-mechanical, or biochemical methods, such as,
grinding, ultrasonication, homogenization, enzymatic digestion, solvent extraction,
centrifugation, chromatography, and like methods, and combinations thereof, see for
example, the above mentioned R. Hatti-Kaul et al., "Downstream Processing in
Biotechnology," in Basic Biotechnology, Chap. 9. The third antibody preparation

35  can be further processes, if desired, using for example, nanofiltration (to remove,
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volltraBltetion or first ultrafiltering, such as in a fed-batch mode, the system can

include an optional feed tank (128) which is in fluid communication with
recirculation feed tank (120) and can be used to, for example, make-up, replenish, or
supplement the depleted liquid phase from recirculation tank (120).

30 A pump (130) pumps feed liquid from tank (120) through the UF/DF unit
(110) and thereafter recirculates the resulting retentate (the non-filtered or
membrane excluded portion of the feed liquid) to recirculating tank (120). A second
tank (140) holds and optionally pumps (not shown) a buffer into the main circuit
(110-120 loop) during the constant volume diafiltration. For example, the addition

35 rate and volume of the buffer introduced into the main circuit is preferably at the
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Technol., 42,"Suppl. S3-S26 (1988). Derwent Abstract of JP01268646A (ANS89-
359879) reports that the application describes an injection preparation of an IgGs
monoclonal antibody having a concentration of 0.1 micrograms/mL to 100 mg/mL.
Subject matter disclosed in these publications is believed to be outside the scope of
30  the present disclosure.

Preparations according to the disclosure can be substantially free from
aggregates. Acceptable levels of aggregated contaminants would be less than, for
example, about 5 weight %, and ideally less than 2 weight %. Levels as low as 0.2
weight % can be achieved, although aggregated contaminants of about 1 weight % is

35  more typical. The preparation in embodiments, can also preferably be free from
19
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The first anti y preparat| e provide
pr e par ednlmhm@mentsaoﬁ the disaloswhghe uainpclphqu;rq&iratlon can be

hani c no nlcal or hioch nmet._ho
A EERLF Hof AR r R Lot a0, s G G freated such as
15€NZ¥H@driof irffe@Rwk ldRBases, Tby SnpR ttlﬁ(?s%trﬁé?lﬁoned above, and immune
centrifugation, chronatography and ke met hods, and

corﬂof!smwtl@hswhm rleesil-mediated drsommb@dlqubwmhtls
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Th ESCIei’tbsiis;i gBft veaahopt difakd pansafuvegild (bﬁsu"diﬁbetes Sjogrens'
processes, if desired, using for exanple,

harbiRR Hatrpigilizeees: mopebenie Sgvis, R £ejpesies) inflammatory bowel
20 R, SRR, B R ETSrch, Byq WEPBRYRLARY b, o

ankmhmmympneﬂ&nﬂﬁion of the present disclosure can be
package ored, or directly used he thErd ant i body
pr epar at lﬁcé?ﬁubeet PREEQTR BFOY eéé’ég@éﬂ imeptsfae ps aconcentrated

USiRéhdcinaPaapel pre%%'tlbh Qé"@éscﬁ@é@l’fé’l‘&h% 'tI%"ln%u?Qc‘%ure of
such as drying, Tyophilization,
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: :idglsr%éer ug\g ngg{)]\tllrge %?a tg{bﬁ)cﬂ%ﬁn%a;tlgg%%m la? %?ntg, ﬁavmg any such

disorder, comprising administering to the individual a therapeutically effective

amount of a preparation according to the disclosure. The dosages of such antibody
preparations will vary with the conditions being treated and the recipient of the
treatment, but can be, for example, in the range of about 50 to about 2,000 mg for an
30  adult patient preferably about 100 to about 1,000 mg administered daily or weekly
for a period between 1 and 30 days, and repeated as necessary. The doses may be

administered as single or multiple doses.

Process Description. The formulation step typically exchanges the purified bulk

35  drug substance, for example, resulting from ion-exchange chromatography, iﬁto the
20



desired, with a suitable liquid. Referring to the
figures, FIG 1lillustrates an apparatus, in
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cl ose %ontrol over tenperature specifications and t
3

av &1y PP leXempys prasess hu fprecmmnﬁgna Ica1|(1 }ﬁ ge)adily .
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recirculation ta enbodi ments, for exanple,
15when the system ( 100) is acconplishing the LI rst

ul Llfrati or first ultrafiltering, such as in a
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20 t hmeidbtdile huving a(nbdihalansleddarc@pbralr 109060 L 80load BhtbRE Prior to
resulting retentate (the non-filtered or nenbrane

exRPERREIE S Tomembrangevas sauilibrated with dinfiltediondwiffet (0 M
t ok di @Q))Zl\/ﬁa 'ﬁélﬁdaéiﬁ)( 140) holds and optionally
3 M 0 .

punps (not s a buffer”into the main circuit (

110- 120Theyepiluctfrdnn gn hiienic @RSHaaRE (aﬁfi&ﬂ_JBS&han%e pool) was then
diafil traﬁli on. For exanple, the addition rate and
voP iR rihe f¥stem end vas ercshiriedita #it iptarmedisie qeneéntiatipn by the

2 | BB, S R RS A g o
formulation (0.02 M histidine, 0.2 M arginine-HCl, pH 6). The pool was then
concentrated by a second ultrafiltering to a final bulk concentration of >170g/L and
recovered through a 0.22 micrometer sterile filter. The entire UF/DF process was
performed at a temperature set point of about 45 degrees C. This temperature

30  control was achieved using temperature control of the incoming anion-exchange
pool, the diafiltration buffer, and the use of a jacketed recirculation vessel for the
UF/DF process as illustrated herein.

After UF/DF, the recovered pool was diluted (i.e., conditioned) to a bulk
concentration of about 150 g/L in 0.02 M histidine, 0.2 M arginine-HC], 0.04%

35 polysorbate-20, pH 6 (final formulation). During the conditioning steps the
21



( 115). Buffer tank ( 140) can be optionally insul ated

with jacket ( 143) and can include the equival ent of
woheocabdsenent i oned heating el ement and a reci PCUUSR08/G31844
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20 di §x¢hesge pool (Q-pool) obtained from a preceding separation step, for example, a

Q-Sepharose chromatography step:

a first ultrafiltering or first ultrafiltration (UF1) to a concentration from about

5 g/L to a concentration for difiltration (Cp);

diafiltering or diafiltration (DF1) with four (4) difiltration volumes (DV)
25  with the DF buffer;

continued diafiltering (DF2) with four (4) difiltration volumes (DV) of DF
buffer;

a second ultrafiltering or second ultrafiltration (UF2) to a final concentration
(CFinaI); and

30 optional product recovery.
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Preparations according to the disclosure can be
substantially free from aggregates. Acceptable |evels
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[
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t ranspl 8irgle Pyse atithdfiltrateOpaifBRFD)y Thewetbnidics@d Firate are directed

ash)g(iqra, :FEF nmedi.at ed di sorders, and |i ke di sorders or
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t her ef onggp R‘%H}bc‘ij@v%lith @ilﬁ%%e@ggk% dl) hepy lc‘%erﬂgte%gd filtrate are

concentrated rionocl onal ant’ y preparation
dedizedterbty raeyadd vessel. Filgateambveapbnr e of nedi canent for

the treatmen a f orenenti oned di sorders,

and | kEe%?stcbﬁéﬁgﬁﬁmﬁ%?ﬁiﬁ)déﬁe retenfaigds Aiseptest to the recycle

U r gak] e fidtrdte BRECtEPIoNtBain 14 tE iRB¥iPeHEbI transferred into the recycle
tank.

Batch Ultrafiltration (B-UF). The retentate is directed to the recycle tank and
the filtrate is directed to drain.

Diafiltration (DF). The retentate is directed to the recycle tank, the filtrate is
directed to drain, and the diafiltration buffer is transferred into recycle tank.

dP refers to differential pressure.

Product Transfer. The ultrafilter membrane unit and recycle tank are open to
the pool tank. The nitrogen overlay pressure is controlled. The pool is transferred
first using the recycle pump and then using a manual peristaltic pump.

Feed Transfer. The incoming pool is pumped into the recycle tank.
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di sorder, conprising adm nistering to the individual a
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25

30

. ueou hosphoric acid. The pH adjuste
anlwwl@ﬁm M}éipbé sitandebe foedrpimapd” BIOL stainless steel recirculation

I t] f | trat UF/,DF
o S OB T R el D5 Bl Ao wer
rmll@mtddaart tigdinl® (FEPID), b1 QQRETERX A00) a@@'ﬂeﬁ’ﬁéate EFIUTRAI’I%) of
processi ng, the UF _nenbrane was equilibrated

i 444 PERBIAIGROKISF 1 Blowmetgrs (Vokpgawaih RVIAG) weng 1ocated at the inlet
ar gBEPF atdDernRbteQFILTRATE) of the membrane holder. A back-pressure

regulating valve (Mikroseal) was located at the outlet of the membrane holder to
control the retentate pressure and effect the transmembrane pressure (TMP). A 40-
liter 316L stainless steel jacketed tank was used for the recirculation vessel. This
tank was fitted with a level indicator, top-mounted agitator (Lightnin), vortex
breaker and bottom valve (NovAseptic). Temperature control was achieved through
the use of temperature modulated glycol fed to the jacket of the tank.

During this run, the feed flow rate was set to a constant rate of 2.85 L/min
(0.5L/min/ft?). During all pre-use and post-use operations the retentate pressure

control was set to a constant of 10 psig. During the ultrafiltering and diafiltering
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. At the end of the diafiltration, the pool was

trate being removed from the system
25  further concentrated in UF2 mode. This phase was also performed using an elevated

19,1

temperature set point of 40°C. The target for this final concentration was 110 g/L.
This was achieved without the need to reduce the feed flow rate. Next, a low
pressure drop mixing was performed where the feed pump was controlled to
maintain a 5-10 psig pressure drop across the feed channel. A sample was pulled

30 from the recirculation tank and a final bulk concentration of approximately 120 g/L
was measured. Table 1 summarizes the throughput and flux results of UF1, DF
(DF1+DF2), and UF2.

35
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Pr &3§ifen aqrplawgk avas pTiwped fiomathe Ita:rﬂtrthrmgh aIdlipHeI 2002092 microns

re eoentothe 0 t ank. The nitrogen
ovgt%" il?ln% Lade 1 tgr}l n%gnﬁtrpm ]@E eﬂc}é)uagm ¢x4 the protein solution

15 t r s tizplaeell from the piping and membrane unit with a 5 psig nitrogen gas blow

20

25

30

down applied to the highest point on the retentate line. The final phase was a blow
down of the tank and feed line, also using the 5 psig nitrogen gas.

The product recovery was believed to be improved compared to Example 1
when conducted at ambient temperature because the elevated temperature used in
one or more of the ultrafiltering, diafiltering, or recovery steps reduced viscous
effects. For example, when the temperature control was turned off during product
recovery, the system slowly cooled during this operation causing difficulties for
recovery from the membrane unit. Alternatively, the recovery can be performed
first from the membrane holder and then from the recirculation vessel.

To determine the mass of loss during recovery, 1.74 L of DF buffer was
added to the system and recirculated for about 5 minutes and recovered using the
same sequence as described above. This volume was then analyzed for protein

concentration with the other pools. Table 2 summarizes the resylts.
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t he menbrane hol der. A back-pressure regul ating val ve
(M kroseal) was | ocated at the outlet of the nmenbrane
hol der to control the retent'i‘ablerﬂ.essure and effect

t he transnmenbrane press

VP A—40 Id't r 316L
stai nl ess steel jadket éwrank véa‘gcgieéﬂlq)ﬁﬁ’ tlhe

recircul ati on vessel._This tank wWHENPMEY)ag With a
| evel indicator, tap-/Qnfeekd lagitat8?-8(Li ghtnin),
vort ex Final Bulk 99.8

Comparative Example 2

High Concentration Formulation of rhuMAb E25 at Ambient Temperature
Example 1 was accomplished with the following exceptions. Prior to the process,
the system storage solution (0.1N NaOH) was flushed in a single pass to drain mode
first with 21L/ft* purified water (PW) and then 1L/ft* diafiltration buffer (20 mM
histidine / pH 6.0). After the flushes the system was equilibrated by recirculating
0.5L/ft* diafiltration buffer for 10 min. The pH of the recirculated solution was
checked to confirm the equilibration. The level in the tank was then reduced to a
minimum measurable value to minimize dilution of the incoming protein pooll

The protein pool resulting from the preceding Q-Sepharose chromatography
step was measured to be 3.3 g E25/L and had a volume of 33.3 L. The protein was

in a solution of 25 mM TRIS buffer and about 200 mM NaCl and pH adjusted to
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t ankas MéasuredoTabkest sunamariieathirbughpatiand fltx Sreasuasdodurivgshe UF1,

ion The diafiltration was
perﬁ%ﬁﬁr@#éﬁ doﬁg{zé)ﬁ?se&q’/ol ume, which was achi eved by
matching the flow rate of buffered sol ution being

transferred into the recirculation tank to the fl ow
rate of filtrate being rermv@"@bier‘bmthe system At the

d of therth tra ogt—avas
Egncgntra?ed lﬁgcgﬁz ? 7l pha &% EE‘X

: 10ut psig)
performed usi hr)
UF1 14 5 5.31
DF 9.5 1.47
UF2 144.6 0.78

25
FIG. 5 shows the observed or measured process values over time for the feed
flow rate (210), tank temperature (220), fed dP (230), TMP (240), and filtrate flow

rate (250) parameters during the various phases or mode of the process including
UF1 (10), DF (20), UF2 (30).
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pro n sol ution was dis C t.he | ng and, .
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The final phase was a bl ow down of the tank and

| i neith ghesashergionls. ﬂhblew punganies thegesvligas. The pr oduct

recovery was believed to be inproved conpared to

Exanpl e 1 when conducted at anbient tenperature

because the el evat ed tenper atiiygbge s1Sed i n one or nore

T pressure

reﬁlﬁculatlon

of the ultrafiltering dlnfllfprlnn or.recovery steps .
reduced vj scous ef Veolume (Bbr| eGomseriratipien t hMass (2) Yield or
tenperature contrnol was turned of f(gduring product {Loss} (%)
recovery, | Qieoalyst em 33.9wW y |cool ed 3duri ng thi s109.9 100
oper ati on| Rassserg di fo.7gul tijles forjogeicovery| fr gn4 he 73.1
menbrane U PeolAl|t ernatively, the recovery [can be
per for med fifsE flrom IQF menprane ppyder—and tTher, fTTom 547 |
the reci rci,d:l@ i on vessel. '
Filtrate 52.2 0.03 1.6 1.5
20 Post process, the membrane was regenerated using 0.1N NaOH, 1L/ft* single

pass flush followed by 0.5L/ft* total recirculation for 30 min. This was followed by
1L/ft2 PW flush. This was followed by a total recirculation of 300 ppm Minncare®
solution for 30 min. The system was again flushed with 1L/ft* PW and finally
recirculated for 15 min with 0.1N NaOH and stored. The recovered pool was
25  diluted to 80 g E25/L and conditioned into the final formulation of 20 mM histidine
/ 250 mM sucrose / 0.02% polysorbate 20 /pH 6.0. Product quality was assessed by
size exclusion chromatography (SEC) for both the incoming Q-Pool and final

recovered bulk. This data is summarized in Table 6.
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To determ ne the mass of loss during recovery, 1.74 L
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Anmbi ent Tenperature was ac
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mM histidine / pH 6. After 'the flushes the system

\NaS)Pét?upm %lﬁaﬁel@taﬂs;prese@ﬁermﬂ mainfained b@wefenzbout 6-8 psig. The

f r r f
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equnéastmreattd) b616.7HE26/Bwed hada vbRnieadtlsovsas. t hen reduced

to a mni rum neasurable value to mnim ze dilution of
15t he i nc dHRcAgephomspmngRaol wep targgr dhe the predfculatien vesselgthe UF1

et e e g gy RS sl O R AR A T

Th eeqarcmimon vmsl at rapproemhathlydhe efmefatadd fIRAES pasdeb dtro@g‘mlthe TFF

?S%&%rﬂ Py Qﬂg H{%(}j ﬁé%}ggqoiggq %a@q%o be tlr'Ee recirculation

I eGlekgelliRd UPD Pifcﬁ:%ﬁedontlhﬁbdt 1h%at6ﬁ~°n§@de tﬂl%r%o(ﬁé U¥4%he pool was
agitated via the top nounted inpeller

20t erppuecuirated te48 grfé%ﬂt ¢abaut’. atL)ammmheg(mmaﬁlmmmgle

th [ OCess was_ concentr
etergpera'rure se pomEJ o tlhe Y& cGANGS vessgl Was increased to 40°C. The increase

in temperature and control was affected by flowing warm glycol through the outer
jacket of the tank. The pool was then diafiltered with 8 diavolumes of diafiltration
buffer. The diafiltration was performed at a constant volume which was achieved by

25  matching the flow rate of buffered being transferred into the recirculation tank to the
flow rate of filtrate being removed from the system. At the end of the diafiltration,
the pool was further concentrated in UF2 mode to a final concentration of 109 g
E26/L (3.6L). This phase was also performed using an elevated temperature set
point of 40°C. Next a low pressure drop mixing was performed where the feed

30  pump was controlled to maintain a 5-10 psig pressure drop across the feed channel.
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down in UFl node to 50 g E25/L (about 2.2 L).
was then diafiltered with 8 di avol unes of

The pool

at a constant vol une, which volune was achi eved by
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results.
Table 8.
Volume (L) | Concentration Mass (g) Yield or
(g/L) {Loss} (%)

Q-Pool 59.3 6.7 397.3 100
Recovered 3.41 109.1 372.0 93.6
Pool

Buffer 0.908 20.4 18.5 4.7
Flush

Filtrate 120 n/d n/d n/d
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grade filter using the rotary |obe feed punp. Next the
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stored. The recovered popl Endofdi|l uted®*® 80 ¢ E25/L
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6.0. Product quality was| asggssed by size exclusion
chromat ography (SEC) for[bgffafhg 1 ncagy $ig O Pool and
final recovered bulk. Th fﬁl@ﬁ(a ils summari zed|in Tabl e
6. Tabl e 6. Exanpl e 3 H gh—Concentration—Fornut ati on of
rhuMAb E26 with Initial Fed-Batch Mbde Exanple 1 was

lorepeated with the fol |l ow ng Eaeqilé gons. The
concentrate/formula was rhu E26 S,Eﬂér econbi nant

hu rﬂighr%wef@ptrﬁaimal?ﬂrmwm ofathuMAl di26 fog Hpxicplagy Evaluation—
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ultrafiltration and Itration operations the

r et KMt Ralpmepaasize \a.a@ theenither ai 30000 2livmepora bigeit The Stentate

pSt }%'ess;lrrheg were maintained at about 6-9 psig.

10 kD Process
20 The protein pool resulting from the preceding Q-Sepharose chromatography
step was measured to be 5.85 g E26/L and had a volume of 62.4 L.. During the UF1,
the pool was concentrated to 50 g E26/L (about 7.3 L). At the end of the
diafiltration, the pool was further concentrated in UF2 mode to a final concentration
of 107.5 g E26/L (3.4L). Table 10 summarizes the throughput and flux results of
25 UFI1, DF, and UF2.
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DF (20), UF2 (30), and low dP (40), for the 10 kD process.

FIG. 12 shows the observed or measured process values over time for the
E26 concentration (1210), flux (1220), and TMP (1240) over the various phases or
mode of the process including UF1 (10), DF (20), UF2 (30), and low dP (40), for the
10 kD process.

FIG. 13 shows the observed or measured process values over time for

pressure drop versus protein concentration observed for UF1 (1310) and UF2 (1320)
for the 10 kD process.

30 kD Process
The protein pool resulting from the preceding Q-Sepharose chromatography
step was measured to be 5.85 g E26/L and had a volume of 64.5 L. During the UF1

the initial pool was concentrated to 50 g E26/L (about 7.5L). At the end of the
33



Just prior to product recovery, a 10 nL sanple was
anal yzed for detection and a titer of bioburden. A
woypmpienaisenej ect imt is 1,000 Col ony Form ng BOTMUS2005/031844
(CFU) per nL. The results of this test were 1.8
CFU/ nL, a suitable value at this step and well bel ow
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G S5 BRI 0ol O SlBartacs s kit agd fux results of
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Q Sephar ose chronat ography step was neasured to be

5.85 g E26/L and had a vol umgagit 182.4 L. During the
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UFl , the poal s concenfrated to 50 g E26/1 (about
7.3 L)| At the eNolwhe (he| €onééntration oMassif® podiieldan
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sunmar | RRgovdred | r oyighiput | and 11y yx resuktg oot 99.6
Pool
Buffer 0.918 22.7 20.8 55
Flush
Filtrate 125 n/d n/d n/d
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FIG. 14 shows the observed or measured process values over time for the
feed flow rate (210), tank temperature (220), fed dP (230), TMP (240), and filtrate
flow rate (250) over the various phases or mode of the process including UF1 (10),
DF (20), UF2 (30), and low dP (40), for the 30 kD process.

FIG. 15 shows the observed or measured process values over time for the
E26 concentration (1510), flux (1520), and TMP (1540) over the various phases or
mode of the process including UF1 (10), DF (20), UF2 (30), and low dP (40), for the
30 kD process.
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UFl 5DF, and UF2. Table 10. To determ ne the nass of

| oss during recovery, 987 nL of DF buffer was added to
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recovered using the sane sequence descri bed above.
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(13505 B BERDeE splsRand FomeRbis-prutdsaninds. The Milipor
pr ReficOn DASAGIEBSA 1 Dﬁﬂl&a{t@msyﬁanp%fee&baﬁbl% mfba;ﬁs%ﬂ
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1

t hr oughfdie aylifer ékﬂr %@@i%% St6$1 J@;ﬂqeteslmmk Wagusgr Jor ﬂllagllg
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r edemperhbire dloﬂolate&itgbyitol fedntb et task’a gutkee Chivaem@eragir®1of the glycol

b .. Th I
wndi] B G150 VG BT IEFIDAEPE FOMBAIAH bITRG exchanger or
20f i nBld gggmhﬁgw%@p@&w@@ nmM hi stidine / 150 mM

trehal o
For th1s run, the feed flow rate was set to a constant rate of 114 L/min

(0.5L/min/ft%). The diafiltration buffer (20 mM histidine /200 mM arginine chloride/

pH 6.0) was prepared in a separate tank. The temperature of this buffer was set to

45 °C prior to the process. This enabled accurate temperature control throughout the
25  process.

Prior to processing, the system storage solution (0.1N NaOH) was flushed in
a single pass to drain mode first with 1L/ft* water for injection (WFI) and then 11/ft*
diafiltration buffer. After the flushes, the system was equilibrated by recirculating
0.5L/fi* diafiltration buffer for 10 min. The pH of the recirculated solution was

30  checked to confirm the equilibration.

The protein pool resulting from the preceding Q-Sepharose chromatography
step was measured to be 5.2562 g E25/L and had a volume of 1,141 L. The protein
was in a solution of 25 mM TRIS buffer and about 200 mM NaCl and the pH was
adjusted to 6.2. Just prior to the run, the temperature set point of this pool was set to

35 45°C. To begin the run the protein pool was transferred to the recirculation vessel,
35



0. 02% pol ysorbate 20 /pH 6. 0. Table 13 summarizes the
results. Table 13. FIG 14 shows the observed or

woremBedo pr ocess val ues over tine for the feedCTiusm05/031844
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rate (210), tank tenperature (220), fed dP (230), TW
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30

this run, the feed flowrate was set to a constant
r atl@ablefl 41spmmpagriges throughput and flux measured during the UF1, DF

(DF1+DF2), and UF2 phases.

Table 14.
Process Normalized Normalized Flux
Phase throughput (LMH/psig)
(g/f*/hr)
UF1 43.8 3.34
DF 25.9 2.46
UF2 78.9 0.66

Just prior to product recovery, a 30 mL sample was pulled and submitted for
detection and titer of bioburden. The result was <0.13 CFU/mL. The protein pool
was recovered by a series of steps. First, the product was displaced from the
membrane in a single pass mode using 5 L of DF buffer added to the retentate line.
The product was filtered into a recovery tank through a 7.4 ft%, 0.22 microns
sterilizing-grade guard filter followed by a 2 ft2, 0.22 microns sterilizing-grade final
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(0.5L/mn/ft 2). The diafiltration buffer (20 nM

hi stidine /200 nM argi nine chloride/ pH 6.0) was
wonepasedoi n a separate tank. The tenperature BETSR®S/031844

buffer was set to 45 OC prior to the process. This

enabl ed accurate tenperature control throughout the
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recirdul ati on vessgl) the Ukg/Iprocess began | {Loss} (%)
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di ahbdé dsfathe proceasn¢leding URA(1a), DﬁFlo(Qn)smzt(zﬂ)gIUHmGO) and low dP

whi ch. was achi eved by matching the flow rate of buffer

bel(ﬁﬂ ‘transferred into the recirculation tank to the

flowrate of filtrate being renoved fromthe system

At the end of the di afiltration, the pool was further
20concentrated in UF2 node t o Examplab concentrati on set

0 VSl B i S BB T R
exceptions. A production scale UF system was used to concentrate/formulate liquid
rhuMADb E25 (E25, a recombinant human monoclonal antibody that targets IgE).
The Millipore Pelicon Ultrafiltration / Diafiltration systems were assembled with a

25  226-sqft regenerated cellulose composite membrane, with a pore size of 30,000-
dalton. Each system consisted of a membrane holder, a Viking S3S rotary lobe feed
pump, 1'% 316L stainless steel recirculation piping, and a 250-L recirculation
vessel. One 250-liter 316L stainless steel jacketed tank was used for the |
recirculation vessel. The feed flow rate was set to a constant rate of 114 L/min (0.5

30  L/min/ft%). During all pre-use and post-use operations the retentate pressure control

37



poi nt of 45C+/-5C. Next, a |ow pressure drop m xi ng
was performed where the feed punp was controlled to

woriostiaissoa 5- 10 psig pressure drop across therCeas2005/031844
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35

and filtrate flow rate (250) parameters
d u rdlﬁt@tmh@n buliféro &lrmga]wsltrmom@d eermﬁerathm wasooegiatrined between 40

: gsglnggorbgb L{Fheé}%@bﬁtéorgwa pe drmed at S %ggs‘tanysglugﬁ Oz)vhlc% was

achieved by matching the flow rate of buffered being transferred into the
recirculation tank to the flow rate of filtrate being removed from the system. At the
end of the diafiltration, the pool was further concentrated in UF2 mode to a final
concentration set-point of greater than 170 g E25/L (35 L). This phase was also
performed at an elevated temperature set point of 45 °C+/-5 °C. Next, a low
pressure drop mixing was performed where the feed pump was controlled to
maintain a 5-10 psig pressure drop across the feed channel. A sample was pulled
and a spec scan was performed to confirm the concentration prior to recovery. The
concentration of this sample was 191 g E25/L and the pool volume was 31.9 L. A
graph of the process parameters over time were comparable to those observed and

summarized for the above FIG. . 17.
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Li quid rhuMAb E25 Preparation Exanple 5 was repeated
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Table 15.
Volume | Concentration | Mass (g) Yield or
(L9) (g/L) {Loss} (%)

Q-Pool 1,082 5.5438 5,998.4 100
Recovered 34,95 167.08 5,839.8 97.4
Pool

Diluted 38.2 152.14 5,810.3 96.7
Pool
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diafiltration buffer. During diafiltration the

tenperature was mai nt ai ned between 40 and 50 0C. The
wdizedeioBiseat i on was perforned at a constant vol BOEUS2005/031844

whi ch was achi eved by matching the flow rate of

buffered being transferred into the recirculation tank

to the flow rate of filtrateEtmanplg7r enoved fromthe
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t he process parameters tine were
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above 17. Tabl e 14, Just r to

et 1530 ool 48 b ampies tsmuPl e solpuBh By wagessgntially
tit ﬁﬁc}f&h%éa dﬁﬁ‘l‘ hA¢3urs 1 B0°E Sthsfgnﬁfcahhécﬁulﬂ@ §%gf,1r@§d't@of E25 was
ow t ete

bel ctionlimt (<O rotein
poobbseaedriebov 30U suggestingshe p@duct Sgtnetﬁ Wdf-c Sldlsta{nh@lly stable up to
prod ct di Iac romthe nmenbrane in a single

pasé § %@ei%gf‘fhﬂg Sbuf f er ‘added to the

15etentate I|ne The product was filtered into a

recovery tank through a 7.4 ft2, 0.22 mcrons
sterilizing-grade guard fiItEEJlBlﬂ.?vaed by a 2 ft2,

i St BERRfAteshl AR B Dipflen, o SemplkRe: ROBIL in both

t anlgrgi hélgnd higtidiat duffelsage fnbeﬁilat&ldmnth P@)cblonlyffermmg units per mL -
resi rotein solution was djspl ace tank and

f eeéoq tpv,qé: lqnfgeé)r@nbgpsg alﬁr@md@éWVﬁ straig|(Siapayaspccys @ireus); and

e R

pr odtﬁchouﬂs ami @hmms nfThe Tdsiiks spjima&sndﬂhesbamhw <5f Eiéisg 20 and 21
nitro d to the hi

r et gﬂq & a} }]pggf RS- QeAENS g{}gsdt %{égse i 1élare]a§1p% jemperature.
t0 ahQuiired RAnrdEd ihteaild \@erkd JTR5¢Er40°€] A S0P CilivRry) @6 each

was conditioned into the final formulation of 20 miv
hi stobskirmed ttme doenyml iashowin astheiciuster of tues hrss {revy site right as 2010

2% PH and 2110, in FIGS. 20 and 21. The inoculations shown were conducted in arginine

buffer with protein concentrations of 30 g/L.

Example 9
Effect of Elevated Temperature on Process Flux E25 samples at 10 g/L in 0.2M

30 arginine, 25 mM histidine, pH 6.0 buffer were evaluated for their influence on flux
versus transmembrane pressure (TMP). FIG. 22 shows that raising the system
temperature also increased the process flux during the UF/DF operations. Flux
excursions at various bulk concentrations and three different temperatures of 23 °C

(2210), 40 °C (2220), and 46 °C (2230) were performed. The mass transfer
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6.0. The volumes of the recovered pool, diluted pool,
and conditioned pool were then analyzed for protein

woanm@atseat i on. Tabl e 15 sunmari zes t he resul t BCTRS3105/031844

w

process, the nenbrane was regenerated as descri bed

above. Tabl e 15. Exanple 7 Effect of El evated

Tengnsifigient ang ﬁltmt@;ﬂué inocgpsed by atmps 2 s abus 8 fald 1Boviding

and d Q buffers were kept a
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I eEbiroxiatHeoM 0'5'L/Ihﬁﬁft:*9arFI@1 a8 dsspRfys Elee%luggeﬁ’dbd overtime for feed

indicate that these chall enge organi sns both decreased

wi tiioWw rrte €48) wlqdefmm Pae dPe PHTRE2 )k sepled ﬁtoenibm b2 yfikrate fllqow rate
'ogts(gé(\ba%gl{s& tfr%ﬁp esr \%;g le t%)lﬁ e\)ﬁln(ggéﬁ 1? #g?%? ioo{S %%8 retentate
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and i nocul ati ons shown were

0
coﬁ‘@ﬁh%% g Ut @%er@ob@rﬁ‘i‘ FE2(3Qh protein
concent rI%rh&r}ﬁe QftraBfroh- ang)ﬁm&o% operations the system used

constant retentate pressure followed by a constant feed/retentate delta pressure
control scheme to control the flux through the membrane. The diafiltration buffer
(30 mM sodium acetate / pH 4.9) was prepared in a separate tank. The temperature
of this buffer was set to 45°C prior to the process for accurate temperature control
through the entire process. Prior to processing, the system storage solution (0.1 N
NaOH) was flushed in a single pass to drain mode first with 1 L/ft* water for
injection (WFTI) and then 1 L/ft* diafiltration buffer. After the flushes the system
was equilibrated by recirculating 0.5 L/ft* diafiltration buffer for 10 min. The pH of
the recirculated solution was checked to confirm the equilibration.

The protein pool resulting from a preceding Q-Sepharose chromatography
step was measured to be 2.31 g 2H7/L and had a volume of 356 L. The protein was
in a solution of 6 mM HEPES free acid / 19 mM HEPES sodium salt and 25 mM

sodium acetate that had been pH adjusted to 5.3 with 0.5 M acetic acid. Just prior to
41



Ef fect of El evated Tenperature on Process Fl ux E25

sanples at 10 g/L in 0.2M argi nine, 25 nmM hi sti di ne,
wobb@/8130f f er were eval uated for their influeRCEUSm05/031844

flux versus transnenbrane pressure (TMP). FIG 22

shows that raising the systemtenperature al so
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reci rcul ati on and 40-L recircul ati on vessel
Bfrets

Bacétipfiliered mathy VIRES %dwfelgam Bufiferp Dgiag i tratigncthe
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this run, the feed flow rate was set tio a co f ant
L

r at eing trgnsferredinip th perirskiatian Enk to ths flow Fats poRlttateeigg removed
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t o WP2 mddeltb adinal ¢dnoentrative tf(rgafs)et pauaﬂ afdl 0rgpR DL1(4.35,). See in

ot it 2auRf epmossionad St AB Foalro T 20 s Rieg g this phase
apvar THM%EQW&%IQJ piREBe®bt df\GeRiQCemPetaffb Uélipdtht WFU5°C+/-5°C.
(10) (20), and UF2 (30). During the

ul t Natt, howprassura depdnixing wasparfnme @f’n&tq tha deedrpmp was

system ysed const.ant,.r.et ent Q y

oo e o AR A A PoirS e Rl PRE ARL ik Redd MY aAdample

t 0 Ganhiltdd dnlder denbixy inbisdtghent hv%s perfbmadieto cdirm the concentration
diafiltration buffer (30 nM sodium acetate /

4.9
wasPpedgapeyersh Hhescopesnination ahihis sprwle wahb4%e EHé?/L- Yable 16

25  summarizes the throughput and flux results.

Table 16.
Process Phase Normalized Normalized Flux
throughput (LMH/psig)
(g/ft */hr)
UF1 32 4.8
DF 56 2.4
UF2 267 1.6
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of this buffer was set to 450C prior to the process

for accurate tenperature control through the entire
WOROBASE60Pri or to processing, the system stor RgE/US2005/031844

solution (0.1 N NaOH) was flushed in a single pass to

drain node first wwth 1 L/ft2 water for injection
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POOkoMARe ﬁl?ﬁali) (fu'égﬁsﬂ_lgcéﬁ%'t ”Tﬁl@?hééérhléohfse{? bR § Eﬁx%lgen gas
was transferréd to the recircul ation vessel thr a

100. 2#pplied toths highesi painti anghejregendaté lihe.er to a | evel of
about 4 n the.tank. In the ve p
201 t at edPRSiEtTE, B5 sEd Bol GG ttrormgut % 2H7/L sing
t engiffiRh BufesD MM fHdhih aektat, A5 3509%11@&5@9@@1 it BButed down to
i ncom ng pool was | arger then the recircul ation

vesstarget corcentrptiqn cddss BYhrnd sonditionestivte the fwal foepulation of

FI
et B el ki Ty lsiP 0 PaB OB D, hH v 2
15as donlditiontrgy S €30 i\ s@ittim tabetatt 49 m@alaskg ot %Ip@lwbrbate 20,

After the remai ning Q Pool has transferred to the
recPédati on vessel, the UFI process continued in

bat a outﬁirggs %E@%ﬁb?&gg 92‘3 f{ﬁgéllhe poo gﬁ&%& F ﬁ(gﬁgere then

d| adnalytzed éat potem dodcehitentioh.utelsle a7 pdesaﬁﬂstﬂnealtesldts buf fer.
During diafiltration the tenperature was maintained
bet ween 40 and 500C. The diafltration was perforned at
7202 constant volume, which wastggRijgved by matching the
flowrate of buffered being transferred into the

recircul ation |t aYidume @he | {Congentxntionf| f Massage bei nYield or
refoved fromtihe system At thg/lend ofl the {Loss} (%)

di faf i Ig4Pabl on,| t hessp®el was furd.her cgnceg2r.ated jn  100.0

URZ Redevdred @ |1 Naly ggoncentrafgguatarget sefzsppi nf of 1016
190 g WiL (4 3 L) See |n FIG 23 tHe |ncorporat|on

of Li—llﬂ ‘iﬁ)l LUIIAgJ;Ji ::u 56 [fggaoal tie c||727u7‘ this 885

5ef d

pf‘ gt,eaﬁﬁl@s lﬁg ?}ﬂsﬁ?uebf@ fs%g% ing. O e poo'l ol

oncentration inclu ddition o er disp acement.

Post process, the membrane was regenerated using 0.1 N NaOH, 1L/ft*
25  single pass flush followed by 0.5 L/ft* total recirculation for 30 min. This was
followed by 1 L/ft* PW flush. This was followed by a total recirculation of 0.5 L/ft?
1.4% Minncare solution for 30 min. The system was again flushed with 1 L/ft* PW
and finally recirculated for 15 min with 0.1 N NaOH and stored.

30 Example 11
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Next, a | ow pressure drop m xi ng was perfornmed where

the feed punp was controlled to nmaintain a 20 psig
wonrewmaarwodr op across the feed channel. A sanpbPeTwas005/031844

pul l ed and a density nmeasurenent was performed to

confirmthe concentration prior to recovery. The

c onHmlt €an¢emtragiont anmuslatlwh ef nlastngl-QDZDL ATpikstt @Gd@UF
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St eRgmarthHia8¢ 1 bR callsafilyGh a'(ﬁ\/lﬂ'rﬁ@iui’d‘cﬁﬂ‘ufgf fasiity) @gFample 10 was

menbrane in a single pass node using 0.2 L of
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bl ow down of nenbrane unit; ch now cont ai ns DF
10uf peor tbrthﬁmwlh‘élmwmpe:raturqosem doiot oﬂuhi-.smoal:mmt to 351G To begin the

phase al so used the 5 d t
P e BErsit Dol Vi TrBlitode HatrR i8R Bipl 4422
rec &Y&Bﬁﬁst&@l‘?ﬁm%@%dg ifltef ®h 16V DF absut 20 Qin thd fanll. Btflelvessel the
using dilution ffer (30 MM sodi um acetate, pH 5. 3).

Fi nabolywastagiiatgdwia the t@i moensed tenghler endithe igrpparature was maintained
conce&g&%on of 150 g 2H7/L and conditioned into the
fi ng lation of 30 nM sodi um acetate, 7%

14 r ehal osBuridg @RTPO kiksmobatag c@ftentpdtedto abioat 50 g 2K7/L (about 20 L).
condi tioning buffer (30 mM sodi um acet

t r e FHP cKedisplaysithg yg,huy §r@p@§dw@r e 1 Bq_regy tanlpﬁ eﬁ,@l@}régaled from -
of D8386LRRIAOPABntaiElib (3.60) BORG 1181 d0. 09080l h D29, feed

pool 'wereé then analyze te| n concentrati on.
Tab flewlrétep( &@)esabled tfifven ¥(b$ﬁﬂ98k to T4599%4, and ﬁltmt@ﬂommle {2450)

nd S erinr au ) 594 adbutidS Biipe T atest, Fipoo! o Fen diasiered
261 SREACRI BN oluReSbE @5@1@1‘3{%&1 bﬁﬂfé’r R4 1WaSon the temperature was

regenerated using 0.1 OH, |L/ft g si ngl e pass
fl umalrit@llnhd)hetwebly 40 aﬁd ﬁ@‘ﬂ JTheatiafiltretéen wenpatoraedabp corptant

;n olr]IVB]g(}E‘IE?S Wﬁa; 1ev %B¥ gﬁltcil/f { ttﬁle ngJ %S ]JJE%{ Beitlg fransferred

into the recirculation tank to the flow rate of filtrate being removed from the system.
At the end of the diafiltration, the pool was further concentrated in UF2 mode to a
25  final concentration target set point of 190 g 2H7/L (5.25 L). Note in FIG. 24 the
incorporation of constant dP to 40 psig control at the end of this phase. This phase
was also performed at an elevated temperature set point of 45°C +/-5°C. Next, a low
pressure drop mixing was performed where the feed pump is controlled to maintain
a 20 psig pressure drop across the feed channel. A sample was pulled and a density
30 measurement was performed to confirm the concentration prior to recovery. The
concentration of this sample was 194 g 2H7/L. Table 18 summarizes the throughput

and flux results.
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1.4% M nncare solution for 30 mn. The system was

again flushed with 1 L/ft2 PWand finally recircul ated
wobaoochB15sdbn with 0.1 N NaOH and stored. Exanpl ectalsk@bo31844

Concentration Formul ati on of rhuMAb anti-CD20 A pil ot

scal e UF system was used to concentrate and fornul ate

rhuMAb anti - CD20 (2H7) for uTebledSa human phase I

clinical study

ney £
Exanpl e 10 was rljé’B‘éeg?gg‘aWt WP 74 dw%@%iﬁeflon .
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Q Sephar ose chromat ography st e e/fzar ||[(&MHGB§£
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prior to the run, the tenperature set paint of this
pool was set to 450C. To begin the run the protei n
pool was.t ansferre o the r ul atjon ve
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3 ev@dtedfonaa titer 40 bloburdeh N aht aedkilts tverd ﬁ@aﬁ%? &l, <ohe CFU/mL).
pool was agitated via the top nounted i er and t he

t enpbe Briotaie PORISVagarIRvaTeddry the sutes 9bsieps piframple he T volumes

t he o1

20 P8 prtPegd BYSRER LA Bl ShettRltionts foctfert i aMly e for

I ecyokein tanténtraionl TaBlO)O mesdnexthé raanits. Dherth8Mb&int ovas

295. 989, gt ent ateH? 2420) scaled from-0.237899 to

08. eoerrated a3y ExapRlad® (250) scaled from -0.356981 to
10t47.994, and filtrate flow rate (2450) scaled from -0.

118994 to 49.33 15 during the process. The pool was

then diafiltered with 10 di alleble®s of d| afiltration

(7]

buf f er—DBur-rgraiafbttrat .L..eler”“ v
mai nf ai ned bet we SR I g%%‘ﬁe fﬁfémg, ’Wéﬁa V\ﬁ(leld or
performed at alconstant vol urm(g/%_ch__u\ag_ar-hn eved psst (Yo)

mat chi n@-Pem £ | ow 282e of | buf f é72heing tra¥kerrad 100

i nt o| tRecovexedr ¢ul at5.0n tapk tol7dde 1 dw r 8620of 88.3
filtratePbdi ng|renoved fromthe system At the end of

t he di apiilitedat 1| on, sube popl wasiofaurt her cgmeentrated 83.0
in UF2 npgg to|a final copcentration target set point

of 190 g 2Z2H7/ L (525 L te inm FrG 24 the
i ncorporation of constant dP to 40 psig control at the
end of this phase. This phagxawgdedlso perfornmed at an

eI °¥ 1gh %once tgt?otnuf‘ormuelatlgg Io E‘hlﬁ{’[Azi)Sigltit/Clﬁ%%l\th Exgmple 11
15 was repeated with the following exceptions. The protein pool resulting from a
preceding Q-Sepharose chromatography step was measured to be 5.106 g 2H7/L and
had a volume of 196 L. The protein was in a solution of 6 mM HEPES free acid /
19 mM HEPES sodium salt and 25 mM sodium acetate that had been pH adjusted to
5.3 with 0.5 M acetic acid. Just prior to the run, the temperature setpoint of this pool
20  was set to 45°C. To begin the run the protein pool was transferred to the
recirculation vessel through a 0.22 microns sterilizing grade filter to a level of about
40 L in the tank. In the vessel the pool was agitated via the top mounted impeller
and the temperature was maintained at 40-50°C.
During the UF1 the pool was concentrated to about 50 g 2H7/L (about 20 L).

25  FIG. 25 displays the value trends over time for recycle tank level (210) scaled from
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pressure drop m xi ng was performed where the feed punp

is controlled to maintain a 20 psig pressure drop
weaeomasitshe feed channel. A sanple was pul | ed ag@/Us2005/031844
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to a level of about 40 L jnt tank. In the vessel

t heSysBarigRsdhetireuehppt Wziluﬁiﬁés‘ﬁ'ép nount ed i mpel | er and

the tenperature was nai ntai ned at 40-500C. During the

UFl the pool was concentrat eq. E’f ﬂ)bout 50 g 2H7/ L
(about 20 L). FIG 25 displays %4€"val ue trends over
time for recycl eprodeds Fhave!| ( No@maticed ed| fNerfakizd300,
retentate dP (2520) scal ed |f r gadighpud 00, feqgus! ow
rate (250) scaled fromO tq 15Qs/s@nghfilftr

tr
rate (2550) scared{FQnmm 0 - 50 g7 ng the pr 5%55 Tihe
pool was diafi-+ev—e-%ﬁﬁth 10—diaveures— (16—~ of
diafiltration buffe Burt+g Heh
5 ' ' b

tenperature wa
diafiltration

20 Just prior to product recovery, a 30 mL sample was pulled and submitted for
detection and titer of bioburden. The results were negative (i.e., <0.13 CFU/mL).
The protein pool was recovered by a series of steps as in Example 11. The volumes
of the recovered pool, diluted pool, and conditioned pool were then analyzed for
protein concentration. Table 21 presents the results. The membrane was

25  regenerated as in Example 11.
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was performed at a constant vol une that was achieved

by matching the flow rate of buffer being transferred
wonwm/Bissor eci rcul ation tank to the flow rate BET/US2005/031844

filtrate being renoved fromthe system At the end of

the diafiltration, the pool was further concentrated

in UF2 node to a fi naI conce’th‘tnbht]lon t ar get set p0| nt

of 100 g 2L17/ aﬂal n

coptrol at the vg?lsl“?n@ of ‘t't:‘ﬁ}“é‘t‘ i‘?l §’Iél (sgga?:islt 25) {Y‘eld or

This_phase was| al so_perfanne bn ellevat ed Loss} (%0)

t enperQ@iPook set p0|1r9t6 of 450C+5 106C. Next, 1800 ow 100

_pr Sg%%c‘éﬁl"kgd %t ||¥%vva_b pet f Uig‘f"fl where Lgil-gd eed PUM 1 8

is|c to mai'htainja 20 psig prlessure drop

ac camml a wac n||| I arl and

je3)

“ATTU

dehsPiyted®oelir erent-Odas perfor & to conf i ¥ he 917

comcentrationm prior to recovery. The concentration of
this sanple was 191 g 2H7/L. Table 20 summari zes the
throughput and fl ux results Tabl e 20. Just prior to

duct 30 d
b ¢t e AbPticechs BHE o PEER Ao Bleais e BROrepFRied by
r esfgféréné’é'q{e‘felﬁ %gﬁ{eir‘éﬁtltéty, @s thoﬁ@h %ﬁl@ﬁﬁﬁlm—ﬂqcoxﬂiﬁted by reference.

proteln pool was recovered by a series of steps as I n
Exaﬂ?bd: disdlosurd hes begnudesaibefl withaefesense de @@nqm@pemﬁtz pg prgferred

d condi.ti oned wer.e. t.he

pr o?IEP él@(?m,sé’mili 0?’1“”(%‘6? ?@B‘fvg"eﬁ 15811011 seh né/e% (%thg’étu A
Theyfioha R MR8iflcafeadan bethads WIﬁlleElimamﬁr% vithifiald @irit and
21. Al publjcations, patents, and patent docunents
1Qir esqope of Psrdiscdeburs ref erence herein in their
entirety, as though individually incorporated by
reference. The di sclosure has been described wth
reference to various specific and preferred

enbodi ments and techni ques. However, it should be
understood that many variations and nodifications can
be made while remaining wwthin the spirit and scope of
the disclosure. THE CLAIMED I NVENTION I'S: 1. A process
for preparing highly concentrated anti body
conpositions conprising: a first ultrafiltering of a
first antibody preparation to provide a second

anti body preparation;
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a diafiltering the second anti body preparation to
provide a diafiltered internedi ate anti body

wonrepaseisd on; and a second ultrafiltering of tReET/US2005/031844
diafiltered internedi ate anti body preparation to
provide a third anti body preparation; wherein one or
nor ¥HE CLAAMEDINVENTEONIISer i ng, second
ultrafiltering, and the diafiltering are acconpli shed
at about 30 C to about 50C 2. The process, of claim
wher ei n bne of> RfBgess & rtrﬁ@rmg#ls%hlmqq%ﬁ%%?mtb@dy Pﬂ@POSmOHS
sec&g .afiltering, and the diafiltering are
accorrp?l shied at from about 35 C to about 500C. 3. The
process offirgltrafilibring ef eifinstangbaty prepagatish to lpeovfide s second
ultratilterin the second ultrafiltering, and the
di aP’i‘Fb(OQleﬁeé’a%PQ Dacconpl i shed at from about 45 C. 4.
The procgamakrifg fHeBedonth@Hi8bdy preBar@fiod™® Bodide ltafiltered
first ultrafiltering, the second ultrafiltering, and
theHdmaﬁﬂhEQmﬁﬁQdﬂPEW@U@QWﬂW@Shed at 45 C plus or
m nus 50C. 5. .The acess f
antib odyas?cgﬁgpﬁqug erlﬁg dlﬁil?e}géﬁ d&ltemgaﬁ{enantt P&(l)}f blreﬁératlon to

n an )Y concentra

f r oprRiH thitd hntiBodb@epardibrgr ans per liter. 6. The
process of claim1l wherein the first anti

pr epar at PhATemEneer ke d s fisbréahtsing, ?Poag ulirasiltering, and the
to dc of claiml

b R SRl ol KO8 BRESPR 01

anti body concentration of fromabout 10 to about 50

grans per. |liter.8. T r ss.of claim1l y{]e ejn,.t .

second a#t il @GWCSF%?%?%‘% gW%ﬁrﬁgl A A RITEOG e tirst ﬂtrathl?ermg, the

CO” ﬁd&ha%itkmeﬂﬁ %a%e a1l S b lisREBatiRim b5 °C to
e process o laim 1 wherein the third anti body

pre;ahmat5|06® has an antl body concentration of from

about 50 to about 250 grans per liter. 10. The process

of claim1l wherein the third antibody preparation has

an ant i bodyHepaeRes s@dlhian] Ghefeirddncadranbre bthd firsaiaufiltering, the
230 grans per liter. 11. The process of claiml

wheseconduiteafilioring, andithe é@ﬁltﬁm%%fﬁ acsasmplished airfromebegdy °C-
concentration of fromabout 170 to about 200 grans per
liter. 12. The process of claim1l wherein the

di af i | t ededTieiresesedf clhien Amtieteirtlyne or more of the first ultrafiltering, the

second ultrafiltering, and the diafiltering are accomplished at 45 °C plus or minus

5°C.

5. The process of claim 1 wherein the first antibody preparation has an

antibody concentration of from about 0.1 to about 10 grams per liter.

6. The process of claim 1 wherein the first antibody preparation has an

antibody concentration of about 1 to about 5 grams per liter.

7. The process of claim 1 wherein the second antibody preparation has an

antibody concentration of from about 10 to about 50 grams per liter.
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preparation and the third anti body preparation

conprise the ultra-filter retentate. 13. The process
woRowlaissd 1 wherein the internedi ate anti body PCT/US2005/031844

preparation has an anti body concentration of about 25

to about 35 grans per liter and the third antibody

pr epar at 8 ofthtipcess ofintaitoddyhareindknsecand antiboily foreparation has an

about ., 170 to apout r er. |Jjter. 14. The

pr ofibedy pongeniragion QZM%BP& %P’f@o‘éﬁf{q HER PEr 5% r at i on

conprises anti- IgE antibodies. 15. The process of

claim1l wherein the process is acconplished in from

about 1 PoTheptesessef clagn Inwherpindbe durdgmtibpdy pregaration has an
Wheredfb@_d&?&_xc%ﬁlﬁgt‘?psof‘f?on@‘aﬁ bitS 6 t{%ﬁgfg[éal?ln[ig @J}ggﬂ&. 210

5 h3l rocess of clarm
process is acconplished in about 3 hours.18. The

process of claiml erein the first and ihe second
ultrafil £@r Thegpfé’P%?SgEE i higeinghs Widrpntibedhuprepite gon has an
B . Coal r . .
e e T D
wherein the first and the second ultrafiltering are

acconplished with an_ ujtra-filter Thr a avin

nomi nal Egr i’hgp@gesgfofg HBﬁ ‘?d@er 3 ﬂé‘%@% %Sﬂ‘?}f Q}‘epg'.af?on has an
Dal t,2dy 28ncehifticd OCRSH aBbutCll78it6BouM2600 gtdind e litdrr St

anti body” preparati on contai ns an anti body having an

apparent nol ecul ar wei ght of about 100 to about 200

fi ot antrooly Pirenar S iR ng ERTLbIERAEu Mody

an pRparEth and®iRekir@antiveidg prepafativh@uinpiiSOthieiulta-filter retentate.
Dal tons. 22. The process of claim1 wherein the first

ultrafiltering concentrates the first anti body

prepar at i;gn Th? B%Qééi A48 @ﬁ&@ﬁqhg mt%lﬁﬁ?)ééﬁ%ﬁrﬁ%ﬂ?bfe%ﬁraﬁon

havi ng anan y concentration of abou grans” per
| i t éas anshtibody sewenidatidnt afabout 25 torabowtdfcgrams aeweliter dngl the third

-t PGB AR SO S S BB A S ous 200
of PRI nel Tert © about 200 grans per

14. The process of claim 1 wherein the antibody preparation comprises anti-

IgE antibodies.

15. The process of claim 1 wherein the process is accomplished in from

about 1 to 10 hours.

16. The process of claim 1 wherein the process is accomplished in from

about 2 to 5 hours.

17. The process of claim 1 wherein the process is accomplished in about 3

hours.
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liter. 23. The process of claim1 wherein the first

ultrafiltering and the second ultrafiltering are
weacewnpiseshed with the sane ultra-filter nenbraoEUS2005/031844

The process of claim1 wherein the first

ultrafiltering and the second ultrafiltering are

acconpl i BheThaprobesa of elgizm & vtesdin tel finst aslghe serpod biteafiltering are

ka1 ey OB bR de ofabout s
exchrioso /o pRNSLANt Vol une, constant concentration,

or both. 26. The process of claim1l wherein the
diafiltering acconplishes a buffer exchange of from

about 5 out 15 | d_vol.unes .27 Jhe .
claim 3 beTar pops b e SRS it st Bk 36558 yflfiterin re
exchogplishedwiguaiaytfilfr hthntbraed Wi a @@nindhgorpsiae ef sbout 10
of claiml wherein the diafiltering exchanges a first

buf foeabopio30 kil Palens: buf f er. 29. The process of claim

28 wherein the first buffer conprises a m xture of

aqueous sodiumchloride and a TRI'S buffer, and the

second bp6.f Ehe provpssiof elmim 1niherein¢hofirshentéody phipstatidh gentains an
chl orjde and argi nine chloride. .30. .The prace f .

c1 b oD yRar BE A cheatet S St g og APy 1O S gng ki

ul tE@ft&ﬂst ering, and the diafiltering are acconplished

with tangential flow filtration across an ultra-filter
menbrane. 31. The process of claim1l wherein the first

ultrafilter] t he secon | trafjl i . .

i af 11t efin Eﬁgi’%’cﬁséc"gﬁ%fmgh@&“%ntthe il alé"?%%di {{59?;5%%@ contains an
fil Eﬁtﬁi&d?%aﬁ%?%%pﬁaﬁ@nt&ﬁ&écm#ﬁxﬁﬂglﬁﬂ dftaboutTES0tkilaraltod?.

The process of claim1 wherein the yield of the third

anti body preparation is greater than about 70 wei ght %

based on 2§.h %hgﬁ}o%ggs o‘%fc@ﬂtﬂr‘gg&%ﬁsché Ardt ngafg]:ltgﬁ%% %ozncentrates the

ant i body “pr éparat 1 on. rocess o

whefigit Antitwlyyrepadativh tb ipeoviide the sevonil hodyodyrpepEaratidndmving an
from about 80 to about 100 wei ght % bas on the .
wei glmb%'lﬁ’ C&H?qnl%a?%gfkjfibﬁ‘l{ g(é T gﬁ’i’ 'PB%&‘? Seconta ultrafiltering
Pr e RS RhtrA8s the intermediate antibody preparation to provide the third antibody

preparation having an antibody concentration of about 170 to about 200 grams per

liter.

23. The process of claim 1 wherein the first ultrafiltering and the second

ultrafiltering are accomplished with the same ultra-filter membrane.

24. The process of claim 1 wherein the first ultrafiltering and the second
ultrafiltering are accomplished with a regenerated cellulose composite ultra-filter

membrane.

25. The process of claim 1 wherein the diafiltering accomplishes a buffer

exchange at constant volume, constant concentration, or both.

26. The process of claim 1 wherein the diafiltering accomplishes a buffer

exchange of from about 5 to about 15 fold volumes.
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34. The process of claim1l wherein the first
ultrafiltering has a recirculation rate of from about

wO 2806l083186m/ ft 2t 0 about 5 L/m n/ft2. 35. The precess25/031844
claiml wherein the ultrafiltering and diafiltering
are acconplished at a transnenbrane pressure of from
about 10 to about 50 p.s.i.36. The process of claiml

wherein there is provided_an antibo concentrate wt
a det ect &bl Ehepprgsessof el Wq'%@n tﬂP%‘ﬂZ@é‘HH’cg arepmpEen .tg’uffer

37. e’h c&fslﬁinf‘ Nelclgo &g proteins conprising: a
fir%t gllrl%%ra [ tg’?ng ogr\gﬂ]?ihrst protein mxture to

provi de a second protein mxture; a diafiltering of

t he seco otein m.xjure to provide diafi]tered
protein gg'x %r;ocﬁtsﬁé’fﬁfa?éjo‘ﬂberﬁpgl?eaaﬁﬁﬁ%ﬂgnedw{&?ngteﬁ8ﬁrSt buffer
di afgrhtseéord tufRE.ei n m xture to provide a third protein

m xture, wherein one or nore of the first
ultrafiltering, the diafiltering, and the second

ul traf L b@ Ty R, A6 SRR 2B ki td ARQBARY WbrmBflsds o Rixture of

aqueous sodium chloride and a TRIS buffer, and the second buffer comprises a

mixture of aqueous histidine chloride and arginine chloride.

30. The process of claim 1 wherein the first ultrafiltering, the second
ultrafiltering, and the diafiltering are accomplished with tangential flow filtration

across an ultra-filter membrane.

31. The process of claim 1 wherein the first ultrafiltering, the second
ultrafiltering, and the diafiltering are accomplished with tangential flow filtration

across the same ultra-filter membrane.

32. The process of claim 1 wherein the yield of the third antibody
preparation is greater than about 70 weight % based on the weight of antibodies in

the first antibody preparation.

33. The process of claim 32 wherein the yield of the third antibody
preparation is from about 80 to about 100 weight % based on the weight of

antibodies in the first antibody preparation.

34. The process of claim 1 wherein the first ultrafiltering has a recirculation

rate of from about 0.5 L/min/ft* to about 5 L/min/ft*.

35. The process of claim 1 wherein the ultrafiltering and diafiltering are

accomplished at a transmembrane pressure of from about 10 to about 50 p.s.i.
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36. The process of claim 1 wherein there is provided an antibody

concentrate with a detectable bio-burden of less than about 100 CFU/mL.

37. A process for concentrating proteins comprising:

a first ultrafiltering of a first protein mixture to provide a second protein
mixture;

a diafiltering of the second protein mixture to provide a diafiltered protein
mixture; and

a second ultrafiltering of the diafiltered protein mixture to provide a third
protein mixture, wherein one or more of the first ultrafiltering, the diafiltering, and

the second ultrafiltering are accomplished at from about 30 °C to about 50 °C.
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