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(57) ABSTRACT 
The present disclosure provides a process for concentrating 
proteins including an ultra?ltering, a dia?ltering, and a 
second ultra?ltering sequence, at elevated temperatures, 
such as above about 30° C. The disclosure also includes a 
process for preparing highly concentrated antibody compo 
sitions, and highly concentrated antibody products. 
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PROCESS FOR CONCENTRATION OF 
ANTIBODIES AND THERAPEUTIC PRODUCTS 

THEREOF 

RELATED APPLICATIONS 

[0001] This application claims the priority bene?t of US. 
Provisional Application Ser. No. 60/609,092 ?led Sep. 9, 
2004, Which is incorporated herein by reference in its 
entirety. 

BACKGROUND 

[0002] Methods for isolating, purifying, and concentrating 
biological materials are knoWn and include, for example, 
chromatography, ultra?ltration, and lyophiliZation, see gen 
erally, R. Hatti-Kaul et al., “DoWnstream Processing in 
Biotechnology,” in Basic Biotechnology, Chap. 9, pages 
187-211, 2nd ed., Cambridge University Press (2001). Pro 
cesses for making concentrated monoclonal antibody prepa 
rations for administration to humans are knoWn, see for 
example, US. Pat. No. 6,252,055, Which uses ultra?ltration 
and Which re-circulates the resulting ?ltrate. 

[0003] Some challenges associated With available anti 
body concentration methods include, for example, loW 
?uxes, long process times, large membrane areas, mechani 
cal recovery yield and losses, operator-intensive interven 
tion or handling, loW mass transfer rates, energy inef?cien 
cies, and hydraulic pressure limits on concentration 
equipment. These and other challenges can contribute to a 
high total cost of manufacture and ultimately higher costs to 
therapeutic drug consumers. 

[0004] There is a need for improved processes for prepar 
ing highly concentrated protein formulations, such as liquid 
antibody preparations and therapeutic products thereof. 

SUMMARY 

[0005] In general terms, the present disclosure generally 
relates to processes for concentrating proteins, such as 
processes for concentrating an antibody preparation, phar 
maceutical formulations containing such a preparation, and 
there use in human therapy or animal therapy. 

[0006] 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 ?rst ultra?ltering of a 
?rst antibody preparation to provide a second antibody 
preparation; a dia?ltering the second antibody preparation to 
provide a dia?ltered intermediate antibody preparation; and 
a second ultra?ltering of the dia?ltered intermediate anti 
body preparation to provide a third antibody preparation, 
Wherein one or more of the ?rst ultra?ltering, the second 
ultra?ltering, and the dia?ltering are accomplished at 
elevated temperatures, for example, from about 30° C. to 
about 50° C. 

[0007] The present disclosure also provides, in embodi 
ments, a process for concentrating proteins comprising: a 
?rst ultra?ltering of a ?rst protein mixture to provide a 
second protein mixture; a dia?ltering the second protein 
mixture to provide a dia?ltered protein mixture; and a 
second ultra?ltering of the dia?ltered protein mixture to 
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provide a third protein mixture, Wherein one or more of the 
?rst ultra?ltering, the dia?ltering, and the second ultra?l 
tering are accomplished at, for example, about 45° C. 

[0008] The present disclosure also provides, in embodi 
ments, a highly concentrated antibody composition prepared 
by the above processes. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] FIG. 1 illustrates an apparatus for accomplishing 
the preparative process, in embodiments of the present 
disclosure. 

[0010] FIGS. 2 through 17 illustrate various observed or 
measured process values over various phases or mode of the 
process, in embodiments of the present disclosure. 

[0011] FIGS. 18 and 19 illustrate the effect of elevated 
temperature on product quality, in embodiments of the 
present disclosure. 

[0012] FIGS. 20 and 21 illustrate the effect of elevated 
temperature on bioburden control, in embodiments of the 
present disclosure. 

[0013] FIG. 22 illustrates the effect of elevated tempera 
ture on process ?ux and process time, in embodiments of the 
present disclosure. 

[0014] 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 dis 
closure. 

DETAILED DESCRIPTION 

[0015] 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 speci?cation are not intended to be limiting and 
merely set forth some of the many possible embodiments for 
the claimed invention. 

[0016] The 
described: 

[0017] “Ultra?ltering,"“ultra?ltration,”“ultra?ltered, 
”“UF,” and like terms refer to, for example, using synthetic 
semi-permeable membranes, With appropriate physical and 
chemical properties, to discriminate betWeen molecules in 
the mixture, primarily on the basis of molecular siZe and 
shape, and accomplish separation of different molecules or 
accomplish concentration of like molecules. 

[0018] “Dia?ltering,”“dia?ltration,”“dia?ltered,”“dia?l 
trating,”“DF,” and like terms refer to, for example, using an 
ultra?ltration membrane to remove, replace, or loWer the 
concentration of salts or solvents from solutions or mixtures 
containing proteins, peptides, nucleic acids, or other bio 
molecules. 

[0019] “Transmembrane pressure” or “TMP” refers to the 
average applied pressure from the feed to the ?ltrate side of 
the membrane calculated as TMP [bar]=[(PF+PR)/2]—Pf. 
Where PF is the feed pressure, PR is the retentate pressure, 
and Pf is the ?ltrate pressure. 

folloWing are used, unless otherWise 
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[0020] “Tangential ?oW ?ltration,”“cross ?oW ?ltration, 
”“TFF,” and like terms refer to a mode of ?ltration in Which 
the solute-containing solution passes tangentially across the 
UE membrane and loWer molecular Weigh salts or solutes 
are passed through by applying pressure. 

[0021] “Antibody” is used in the broadest sense and 
speci?cally covers intact monoclonal antibodies, polyclonal 
antibodies, multispeci?c antibodies (e.g., bispeci?c antibod 
ies) formed from at least tWo intact antibodies, and antibody 
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 to a 
speci?c 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 simpli?ed model 
sufficient for this appeal, each antibody has primarily tWo 
regions: a variable region and a constant region. The vari 
able region, located on the ends of the arms of the Y, binds 
to and interacts With the target antigen. This variable region 
includes a complementary determining region (CDR) that 
recogniZes and binds to a speci?c 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 (J an 
eWay, C., Travers, P., Walport, M., Shlomchik (2001) 
Immuno Biology, 5th Ed., Garland Publishing, NeW York). A 
target antigen generally has numerous binding sites, also 
called epitopes, recogniZed by CDRs on multiple antibodies. 
Each antibody that speci?cally binds to a different epitope 
has a different structure. Thus, one antigen may have more 
than one corresponding antibody. 

[0022] The basic 4-chain antibody unit is a heterotet 
rameric glycoprotein composed of tWo identical light (L) 
chains and tWo identical heavy chains (an IgM antibody 
consists of 5 of the basic heterotetramer unit along With an 
additional polypeptide called J chain, and therefore contain 
10 antigen binding sites, While secreted IgA antibodies can 
polymeriZe to form polyvalent assemblages comprising 2-5 
of the basic 4-chain units along With J chain). In the case of 
IgGs, the 4-chain unit is generally about 150,000 daltons. 
Each L chain is linked to an H chain by one covalent 
disul?de bond, While the tWo H chains are linked to each 
other by one or more disul?de bonds depending on the H 
chain isotype. Each H and L chain also has regularly spaced 
intrachain disul?de bridges. Each H chain has at the N-ter 
minus, a variable domain (VH) folloWed by three constant 
domains (CH) for each of the 0t and y chains and four CH 
domains for u and e isotypes. Each L chain has at the 
N-terminus, a variable domain (VL) folloWed by a constant 
domain (CL) at its other end. The VL is aligned With the VH 
and the CL is aligned With the ?rst constant domain of the 
heavy chain (CH1). Particular amino acid residues are 
believed to form an interface betWeen the light chain and 
heavy chain variable domains. The pairing of a VH and VL 
together forms a single antigen-binding site. For the struc 
ture and properties of the different classes of antibodies, see 
e.g., Basic and Clinical Immunology, 8th edition, D. Stites, 
A. Terr and T. ParsloW (eds.), Appleton & Lange, NorWalk, 
Conn., 1994, page 71 and Chapter 6. 

[0023] The L chain from any vertebrate species can be 
assigned to one of tWo clearly distinct types, called kappa 
and lambda, based on the amino acid sequences of their 
constant domains. Depending on the amino acid sequence of 
the constant domain of their heavy chains (CH), immuno 
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globulins can be assigned to different classes or isotypes. 
There are ?ve classes of immunoglobulins: IgA, IgD, IgE, 
IgG, and IgM, having heavy chains designated 0t, 6, e, y, and 
u, respectively. The y and 0t classes are further divided into 
subclasses on the basis of relatively minor differences in CH 
sequence and function, e.g., humans express the folloWing 
subclasses: IgG1, IgG2, IgG3, IgG4, IgA1, and IgA2. 

[0024] 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 de?ne speci?city of a particular antibody for its 
particular antigen. HoWever, the variability is not evenly 
distributed across the approximately 110-amino acid span of 
the variable domains. Instead, the V regions consist of 
relatively invariant stretches called frameWork regions 
(FRs) of 15-30 amino acids separated by shorter regions of 
extreme variability called “hypervariable regions” that are 
each 9-12 amino acids long. The variable domains of native 
heavy and light chains each comprise four FRs, largely 
adopting a [3-sheet con?guration, connected by three hyper 
variable regions, Which form loops connecting, and in some 
cases forming part of, the [3-sheet structure. The hypervari 
able regions in each chain are held together in close prox 
imity by the FRs and, With the hypervariable regions from 
the other chain, contribute to the formation of the antigen 
binding site of antibodies (see Kabat et al., in Sequences of 
Proteins of Immunological Interest, 5th Ed. Public Health 
Service, National Institutes of Health, Bethesda, Md. 
(1991)). The constant domains are not involved directly in 
binding an antibody to an antigen, but exhibit various 
effector functions, such as participation of the antibody in 
antibody dependent cellular cytotoxicity (ADCC). 

[0025] The term “hypervariable region” When used herein 
refers to the amino acid residues of an antibody Which are 
responsible for antigen-binding. The hypervariable region 
generally comprises amino acid residues from a “comple 
mentarity determining region” or “CDR” (e.g., around about 
Kabat residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the 
VL, and around about Kabat residues 31-35B (H1), 50-65 
(H2) and 95-102 (H3) in the VH (see Kabat et al., supra ) 
and/or those residues from a “hypervariable loop” (e.g., 
around about Chothia residues 26-32 (L1), 50-52 (L2) and 
91-96 (L3) in the VL, and 26-32 (H1), 52A-55 (H2) and 
96-101 (H3) in the VH (Chothia and Lesk, J. Mol. Biol., 
196:901-917 (1987)). 

[0026] The term “monoclonal antibody” as used herein 
refers to an antibody from a 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 gen 
erally 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 selection of a 
unique clone from a plurality of clones, such as a pool of 
hybridoma clones, phage clones or recombinant DNA 
clones. It should be understood that the selected target 
binding sequence can be further altered, for example, to 
improve af?nity for the target, to humaniZe the target bind 




































