WO 2009/080541PCT/EP 2008/067293 ANTIBODY FORMULATION The present invention relates to
an anti- CD20 monoclonal antibody formulation, a process for the preparation of said formulation and
uses of the formulation. Background of the Invention The CD20 moleculeéalso called human
B-lymphocyt&fe¥iié& titferentiation antigen or Bp35) 5 is a hydrophobittFARMER G e protein
with a molecular weight of approximately 35 kD located on pre-B and mature B lymphocytes (Valentine
et al. (1989) J. Biol. Chem. 264(19):11282-11287; and Einfield et al. (1988) EMBO J. 7(3):711-717).
CD20 is found on the surface of greater than 90% of B cells from peripheral blood or lymphoid organs
and is expressed during early pre-B cell development and remains until plasma cell differentiation.
CD20 is 10 present on both normal B cells as well as malignant B cells. In particular, CD20 is
expressed on greater than 90% of B cell non-Hodgkin's lymphomas (NHL) (Anderson et al. (1984)
Blood 63(6): 1424-1433)) but is not foyRrroFBMTOROEIL sEMells, pro-B cells, normal plasma
cells, or other normal tissues (Tedder et al. (1985) J, Immunol. 135(2):973- 979). The 85 amino acid
carboxyl-terminal region of the CD20 protein is located within the cytoplasm. 15 The length of this
region cofftrasteseithitientdfothlereBioelt-specifio Surfaoeckna rméodu cprasing . 2g@EsdagG heavy
chains or Hi%?%g@%%%ﬂa?d‘ﬂﬂﬁﬂﬁaﬁﬁﬁﬂh%% srehaipsmwhiedhhave relatively short intracytoplasmic
regions of 3 8, 15, and 16 amino acids, respectively (Komaromy et al. (1983) NAR 11:6775-6785).
Of the Iast 61 carboxyl termlnal amino acids, 21 are acidic residues, whereas only 2 are basic,
indicating PASESEANLEAL e tig Bng net negative 20 charge, The GenBank Accession No. is
NP-690605. It is thought that CD20 might be involved in regulating an early step(s) in the activation
and differdigdtioriprodestedtiBocalisd reade Bebanihovsy)- Reitidefifosnan1 6T8BErs8 APAAH could
function ag a lppleiyavinnehannebileddeseinli{l 196 lecGet wBigohempkémbas). 3Fhere exist two
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whereas tw@neﬁm@%%&nﬁmmémmgmhﬁw %qt)d QB8R AR affd dtivENER fate
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comprisingkdanemlepiianospanizad Belys antbody, (RO18:M Lchistiginesraptionatiind £8dst011% w/v of
a Surfactagk g r%s%ues, whereas only 2 are basic, indicating that this region has a strong net negative
20 charge. The GenBank Accession No. is NP-690605. It is thought that CD20 might be involved in
regulating an early step(s) in the activation and differentiation process of B cells {Tedder et al.
(1986) Ear. J. Immunol. 25 16:881-887) and could function as a calcium ion channel (Tedder et
al. {1990) J. Cell. Biochem, 14D: 195).

There exist two different types of anti-CD20 antibodies differing significantly in their mode of

25 (D20 binding and biological activities (Cragg, M.S., et al, Blood, 103 (2004) 2738-2743; and
Cragg, M.S,, et al, Blood, 101 {2003) 1045-1051). Type I antibodies, as Rituximab, are potent in
complement mediated cytotoxicity, whereas type Il antibodies, as Tositumomab (Bexxar®, Bi),
11B8 and AT80, effectively initiate target cell death via caspase-independent apoptosis with
concomitant phosphatidylserine exposure.



10mg/mL of a humanized B-Lyl antibody, 0.02% polysorbate 20 w/v, 20 mM L-histidine, and 240 mM
trehalose, at pH 6.0; or 25mg/mL of a humanized B-Lyl antibody, 0.02% polysorbate 20 w/v, 20 mM
L-histidine, and 240 mM trehalose, at pH 6.0; 2b op25mg/mL of a humanized B-141 antibody, 0.02%
PoJoxamerl88TM w/v, 20 mM L-histidine, and 240mM trehalose, at pH 6.0; 25mg/mL of a humanized

B-Lyl antjpody, 0.01% Poloxarnerl881M w/v mM-L- ig,g?j' ] t pH 6.0; Or
25mg/mL F%ﬁﬁﬁ%ﬁ?%%—%ﬁ%ﬁsﬁ %t&@%?fé)q&cﬁ'\g;(amler 8% W é%g}g&gﬁﬁﬁ?ﬁqg and 240mM
trehalosel @tpH 6.0; 25ing/mL of a humanized B-Ly1 antibody, 0.02% Polysorbate 80 w/v, 20 mM
L-histidine, and 2c 240mM trehalose, at pH 6.0; or 25ing/mL of a humanized B-Lyl antibody, 0.1%
Polysorbate 80 wiv, 2&a1MnAcerseastisbadmM trehalosep el phtis(3) r @Bihgdet of a humanized
B-Lyl antibody, 0.1% Polysorbate 80 w/v, 20 mM Acetate, and 140mM Sodium chloride, at pH 5.5; Or

30mg/mL of a humanizeg -1 geotipidye 0.01% Poloxamerl88¢ M GIAZ2@ oL -histidine, and

Localize CD20 to lipid rafts Do not localize CD20 to lipid rafts
Increased CDC (if [gG! isotype) Decreased CDC (if IgG1 .isotype)
ADCC activity (if IgG1 isatype) ADCC activity(if 1gG1 isotype)

Full binding capacity Reduced binding capacity
Homotypic aggregation Stronger homotypic aggregation
Apoptosis induction upon cross- Strong cell death induction without
linking cross-linking

Table 1: Properties of type I and type I anti-CD20 antibodies

Summary

The disclosure relates to a pharmaceutical formulation comprising:
1 to 150 mg/mL of an anti-CD20 antibody;

1 to 100 mM of a buffer;

optionally 0.001 to 1% of a surfactant; and

optionally 1 to 800 mM of a tonicity agent;

at a pH in the range of from 4.5 t0 7.0.

Preferably, said anti-CD20 antibody is a type II antibody. More preferably, said anti-CD20
antibody is a humanized B-Lyl antibody.



200mM trehalose, at pH 6.5; wherein said humanized B-Lyl antibody comprises a VET domain B-HH6
having the sequence _
QVQLVQSGAEVKKPOSSVKVSCKASGYAFSYSWINWVRQAPGQGLEWMGRIFPGDGDTDY
NGKFKGRVTITADKSTSTAYMELSSLILSEDTAV@YCARNVEDGYWLVYWGQGTLVTVSS and a VL
domain B-KV | having the sequence DIVMTQTPLSLPVTPGEPASISCRSSKSLLH SNGITYLY
WYLQKPGQSPQLLIYQMSNLVSGVP _ _ '
DPSSGSGSGTDFTLKISRVEAEDVGVYYCAQNLELPYTFGGGTKVEIKRTV. In a second aspect,
there is provided the Liseiefafonmation asdefinedwbnveferptienpreparatio of a medicament useful
for CD20-related treating diseases. Detajled Description of the Invention The term "antibody
encompasses the %%{H%E%Pjr‘?ﬁ] 13?‘5%1%{%; ls%%%d ing but not being limited to whole antibodies,
human antibodies 2hurivahizetkzstibodies and genetically engineered antibodies like monoclonal
antibodies, chimerigantibedies o recembinantantinodies as well as fragments of such antibodies as
long as the characteristic properties according to the invention are retained. WO
2009/080541PCT/EIBgédé/067293 -3- diabodies, single-chain antibody molecules, immunotoxins, and
multispecificantibodies formed from antibody fragments. In addition, antibody fragments comprise
single chain polypq@gg%mﬁ\éjmg]ﬁaﬂ&hg@@tﬁﬂﬁiﬁaﬁf a VI-I chain, namely being able to assemble
together with a VL chain o Qf§ nghéﬂﬂ binding to the CD20 antigen, namely being able to assemble
together with a VHE ehEH R R ¥ ecional antigen binding pocket.  "Antibody fragments" also
comprises such fraigmahishdtidheperdse are not able to provide effector functions (ADCC/CDC) but
provide this functiogyin,amargk according to the invention after being combined with appropriate
antibody constant domain(s). The terms "monoclonal antibody" or "monoclonal antibody composition”
as used herein reféF 5 10a preparation of antibody molecules of a single amino acid composition.
Accordingly,¢the term "human monoclonal antibody" refers to antibodies displaying a single binding
specificity which have, valiahie anshepastant regiangderived from human germline immunoglobulin
sequences. In one emf odimerLt, thzeo hgman monoclonal antibodies are produced by a hybridoma
which includes a BGC%%I/"o‘f)“('gﬁs?éénﬁomwa‘transgenic non-human animal, e.g. a transgenic mouse,
having 15 a genoni® gdmiptisiagra.pofman heavy chain transgene and a light human chain transgene
fused to an immortalized cell.Ihe term “"chimeric antibody" refers to a monoclonal antibody comprising
a variable region, i.e., binding region, from one source or species and at least a portion of a constant
region derived fronfPHiff€rent source or species, usually prepared by recombinant DNA techniques.
Chimeric 20 antibodies comprising a murine variable region and a human constant region are
especially preferred. Such murine/human chimeric antibodies are the product of expressed
immunoglobulin genes comprising DNA segments encoding murine immunogiobulin variable regions
and DNA segments encoding human immunoglobulin constant regions. Other forms of "chimeric
antibodies" encompassed by the present invention are those in which the class or 25 subclass has
been modified or changed from that of the original antibody. Such "chimeric" antibodies are also
referred to as "class-switched antibodies." Methods for producing chimeric antibodies involve
conventional recombinant DNA and gene transfection techniques now well known in the art. See, e.g., -
Morrison, S.L., et al., Proc. Natl. Acad Sci. USA 81 (1984) 6851-6855; US 5,202,238 and US
5,204,244. 30The term "humanized antibody" refers to antibodies in which the framework or
"complementarity determining regions" (CDR) have been modified to comprise the CDR of an
immunoglobulin of different specificity as compared to that of the parent immunoglobulin. In a
preferred embodiment, a murine CDR is grafted into the framework region of a human antibody to
prepare the "humanized antibody." See, e.g., Riechmann, L., et al., Nature 332 (1988) 323-327; 35
and Neuberger, M.S., et al., Nature 314 (1985) 268-270. Particularly preferred CDRs correspond WO
2009/080541PCT/EP2008/067293 -4- to those representing sequences recognizing the antigens
noted above for chimeric and bifunctional antibodies. The term "human antibody", as used herein, is
intended to include antibodies having variable and constant regions derived from human germline
immunoglobulin sequences. Human 5 antibodies are well-known in the state of the art (van Dijk, MA.,
and van de Winkel, J.G., Cum Opin. Pharmacol. 5 (2001) 368-374). Based on such technology,
human antibodies against a great variety of targets can be produced. Examples of human antibodies
are for example described in Kellermann, S. A., et al., Curr Opin Biotechnol. 13 (2002) 593-597. The
term "recombinant human antibody", as used herein, is intended to include all human 10 antibodies
that are prepared, expressed, created or isolated by recombinant means, such as antibodies isolated
from a host cell such as a NSO or CHO cell or from an animal (e.g. a mouse) that is transgenic for
human immunoglobulin genes or antibodies expressed using a recombinant expression vector
transfected into a host cell. Such recombinant human antibodies have variable and constant regions
derived from human germline immunoglobulin sequences in a rearranged 15 form. The recombinant

human antibodies according to the invention have been subjected loin vivo somatic hypermutation.
Thiie the aminn acid ceadriencrec nf thea \/I | and \/l reainonce nf the recombinant antihndiac are



The terms "CD20" and "CD20 antigen" are used interchangeably herein, and include any variants,
isoforms and species homologs of human CD20 which are naturally expressed by cells or are
expressed on cells transfected with the CD20 geng, Binding of an antibody of the invention to the 20
CD20 antigen mediate the killing of cells expressing CD20 (e.g., a tumor cell) by inactivating CD20.
The killing of the cells expressing CD20 may occur by one or more of the following mechanisms:
Synonyms of CD28, as recognized in the art, include B-lymphocyte antigen CD20, B-lymphocyte
surface antigen Bhiseurl16:/BmamaBbbRand bikBo2h The term "anti-CD20 antibody" according to the
invention is an antj at binds.spegifically to CD20 antigen. Depending on binding properties and
biological activitietsb% %/rﬁg%ﬂgqg%tib%g ies to the CD20 antigen, two types of anti-CD20 antibodies
(type 1 and type |12AmivCBEgdintbsdies) can be distinguished according to Cragg, M.S., et al, Blood
103 (2004) 2738-2443\enehisagg, M.S., et al Blood 101 (2003) 1045-1051, see Table 2. type 1
anti-CD20 antibodiesﬁlg)%ll anti-CD20 antibodies type | CD20 epitopetype || CD20 epitope Localize
CD20 to lipid raftsD8 nét focalize CD20 to lipid rafts WO 2009/080541PCT/EP2008/067293 -6-
Increased GDC (if IgG1 isotype) ADCC activity (if IgG1 isotype) Full binding capacity Homotypic
aggregation ApopiosisHnduatiomapan Brogs4ifking, Decreased CDC (if IgG1 isotype) ADCC activity(if
IgG1 isotype) Red %%indin ity Stronger homotypic aggregation Strong cell death induction
without cross-linkir?g;S ? a'q%é”?]%%]gggﬁwgg’ of type | and type Il anti-CD20 antibodies One essential
property of type laf@élmypé-igiting 2D antibody is their mode of binding. Thus type | and type II
anti-CD20 antibodysganeglassified by the ratio of the binding capacities to CD20 on Raji cells
(ATCC-No. CCL-86{) %f ga_id anti-CD20 antibody compared to rituximab. 5 As used herein, "anti-CD20
antibody" can be €fthéra type | or type Il antibody. Preferably, it is a type Il antibody. The type |
anti-CD20 antibodies have a ratio of the binding capacities to CD20 on Raji cells (ATCC-No. CCL-86)
of said anti-CD20 entibedy.companegim@rituximeiadf, 0.8 to 1.2, preferably of 0.9 to 1.1. Examples of
such type | anti-CD2Q apéibodie@gdu% e.g. rituximab, 10 (W094/11026), 1E5 IgG2a (ECACC,
hybridoma; Press &t 4l., Biood 69/2:584°591 (1987)), HI47 IgG3 (ECACC, hybridoma), 2C6 IgG1 (as
disclosed in W020@8AM308Ed 226G 1 (as disclosed and WO 2004/035607 and W02005/103081)
and 2H7 1gG1 (as digglesgshinWO 2004/056312). Preferably said type | anti-CD20 antibody is a
monoclonal antibod%/%] t binds to the same epitope as rituximab. The type Il anti-CD20 antibodies
have a ratio of the Hif i%fg’capacities to 15 CD20 on Raji cells (ATCC-No: CCL-86) of said anti-CD20
antibody compared to rituximab of 0.3 to 0.6, preferably of 0.35 to 0.55, more preferably 0.4 to 0.5.
Examples of such fypgHhiaptia GR2A:ARodiesdssiyde e.g. tositumomab (B1 1gG2a), humanized
B-Ly1 antibody IgG1 %{igﬂ 1eric hymanized IgG1 antibody as disclosed in W02005/044859), 11B8
1gG1 (as disclosed G 0%82%/‘8%%@6“% and AT80 IgGl. Preferably said type Il anti-CD20 antibody is
a monoclonal 20 anrfibddy-thatibirdend the same epitope as humanized B-Lyl antibody (as disclosed in
W02005/044859). The "ratio of the binding capacities to CD20 on Raji cells (ATCC-No. CCL-86) of an
anti-CD20 antibodies compared to rituximab" is determined by direct immunofluorescence
measurement (the mean fluorescent intensities (MFI) is measured) using said anti-CD20 antibody
conjugated 25 with Cy5 and rituximab conjugated with Cy5 in a FACSArray (Becton Dickinson) with
Raji cells (ATCC-No. CCL-86), as described in Example No. 2, and calculated as follows: Ratio of the
binding capacities to CD20 on Raji cells (ATCC-No. CCL-86) = WO
2009/080541PCT/EP2008/067293 -7- MFI (Cy5 - anti - CD20 antibody)x Cy5- labeling ratio (Cy5-
rituximab) MR (Cy5 - rituximab)Cy5- labeling ratio (Cy5- anti- CD20 antibody) MFI is the mean
fluorescent intensity. The "Cy5-labeling ratio" as used herein means number of Cy5-label molecules
per molecule antibody. Typically said type | anti-CD20 antibody has a ratio of the binding capacities to
CD20 on Raji 5 cells (ATCC-No. CCL-86) of said first anti-CD20 antibody compared to rituximab of 0.8
to 1.2, preferably 0.9 to 1.1. Typically said type Il anti-CD20 antibody has a ratio of the binding
capacities to CD20 on Raji cells (ATCC-No. CCL-86) of said second anti-CD20 antibody compared to
rituximab of 0.3 to 0.6, preferably 0.35 to 0.55, more preferably 0.4 to 0.5. 10 In a preferred -
embodiment said type Il anti-CD20 antibody, preferably a humanized B-Ly 1 antibody, has increased
antibody dependent cellular cytotoxicity (ADCC). By "antibody having increased antibody dependent
cellular cytotoxicity (ADCC)" is meant an antibody, as that term is defined herein, having increased
ADCC as determined by any suitable method known to those of ordinary skill in the art. One accepted
in vitro ADCC assay is as 15 follows:



1) the assay uses target cells that are known to express the target antigen recognized by the
antigen-binding region of the antibody; 2) the assay uses human peripheral blood mononuclear cells
(PBMCs), isolated from blood of a randomly chosen healthy donor, as effector cells; 20 3) the assay is
carried out according to following protocol: the PBMCs are isolated using standard density
centrifugation procedures and are suspended at 5 X 106 cells/ml in RPMI cell culture medium; ii) the
target cells are gro@A®blyisteinmdtared tissue culture methods, harvested from the exponential growth
phase with a viabilify higfier than 90%, washed in RPMI cell culture medium, labeled 25 with 100
micro-Curies of "Cl-, washed twice with cell culture medium, and resuspended in cell culture medium
at a density 8f 1 0" cells/m1; iii) 200 microliters of the final target cell suspension above are transferred
to each well of a 965welnimi€rctitespiaie’;-MCQURDOYY080541PCT/EP2008/067293 -8- iv) the antibody
is serially-diluted frgnfh/ngpgg)sggggglgt@vg@4 rig/ml in cell culture medium and 50 microliters of the
resulting antibody solutions are added to the target cells in the 96-well microtiter plate, testing in
triplicate various ar%%BHWBHE’eﬁ tions covering the whole concentration range above; 5 v) for the
maximum release (M&)ontrdlse3 additional wells in the plate containing the labeled target cells,
receive 50 microlitedgspgf%?% (VN) aqueous solution of non-ionic detergent (Nonidet, Sigma, St.
Louis), instead of the antibody solution (point iv above); vi) for the spontaneous release (SR)
controls, 3 atfditional wells in the plate containing the labeled target cells, receive 50 microliters of
RPMI cell culture madivim. iosiéacof deRahtibadipdty.solution (point iv above); vii) the 96-well
rnicrotiteate is ther@)g@p}t;gf%%t@%gg,)&g for 1 minute and incubated for 1 hour at 4 C; viii) 50
microliters of the PBMC suspension (point i above) are added to each well to yield an effector:target
cell ratio of 25: 1 ard ¥ PRS- 4/ placed in an incubator under 5% CO2 15 atmosphere at 37 C for 4
hours; ix) the cell-freengusematanitdrdn each well is harvested and the experimentally released
radioactivity (ER) isa%@@_tgfied using a gamma counter; Xx) the percentage of specific lysis is calculated
for each antibody concentration according to the formula (ER-MR)/(MR-SR) x 100, where ER is the
average radifactivity quantified (see point ix 20 above) for that antibody concentration, MR is the
average radioactivitgmuantiffech(seeipdiptixlabove)for the MR controls (see point V above), and SR is
the average radioagg'hgi% lgoqg‘(%irtieggéﬁe@/{;oint ix above) for the SR controls (see point vi above); 4)
"increased ADCC" is defined as either anincrease in the maximum percentage of specific lysis
observed within the?&itiiddyiLstteitfation range tested above, and/or a reduction in the 25
concentration of antitaogly regulised to achieve one half of the maximum percentage of specific lysis
observed within the, agtibody concentration range tested above. The increase in ADCC is relative to
the ADCC, measured with the above assay, mediated by the same antibody, produced by the same
type of host C*@l?é‘f‘{’J§%%@§%ﬁ4@§t&h6‘&i@fﬁ6&‘ﬁ@ﬁéﬁap%ﬁff{fm%%?f%d]%%t%ﬂ%ﬁge methods,
which are knQwo iy ¢(fruseEskillepGisstie v G IS Ghat TSSOt bEER rodusedHyN\B0RIBRGOENS TERgineered
to overexpre G/ -Ql j pponent as
described in %%r;n%ﬁr%(l,j %V\g{t% %Qliles?ttgrgg %ﬁﬁgﬁﬁpﬁwggﬁg%g?gﬁﬁ %@?\I@%ﬁg’%ﬁm. The
term "compléfeht-8 PRt IS EDE erefers to lysis of human tumor target cells by the

antibody accpraing ¢or e imverREREP AsIRepgsssnca Of conple mEn ORI i Imeasued prefeiably by
the treatment.of. ion. %R 20 XRIESSING & ithay: @ﬁﬂﬁ? ghtikedy according to the
invention in t%g%%ﬁgggéﬁgﬁfg%p emé‘ﬁgt. CDC ig%o% :gthe an%bo y %\%uces at a concentration of

100 nM the lysis (cell death) of 20% or more of the tumor cells after 4 hours. The assay is performed
preferably withh 2:@wod Epdetbtied iuproidulibarg medourainent of defeadebostdpohEnetsrirols
include the ingubation of, the,lumorlasgenselied @ aith,camspigment but without the antibody. Typically
type | and type Il anti-CD20 antibodies of the IgGl isotype show characteristic CDC properties. Type |
anti-CD20 antibodies have -and increased CDC (if IgG I isotype) and type Il anti-CD20 antibodies have

a decreased GRC 4if 1§21 IsQtvpek pompalgsLip each other. Preferably both type land type |I
anti-CD20 antibodies are 1gG1 |sotype antibodies. 15 The "rit xirnﬁb".antibf)%){n a gen tically
(1} utn

is
engineered chimeHETRUATAR YRR TRRERTHE CSHLPAIS O QRS ?gllﬁfnuglcmonéc ShaPaRtbbdy
directed againktrthedrambalCbEbodinsgewnhanthndissdaminiey earbamesmhasngitstn snEipssetant
domains and igsidepdfietiymbadane aGAR8i-H N4 1026 (A de rsormeiiraky). arifbdieabsisel as
approved for t ' I acti '{}gp < icudlat . € - positive,
B cell non-HoEﬁﬁ%ﬁﬁﬁp %ﬁﬁggﬁe%%ﬁ%:@gggigﬁ%%awon gl%%%ﬂ%\%rﬁmﬁtﬁﬁﬁ#ﬁab
exhibits humaA'€SRHRSrent--dependent cytotoxicity (CDC) (Reff et. al, Blood 83(2): 435-445 (1994)).
Additionally, it exhibits significant activity in assays that measure fzftcgjr%gi}bod)é-ﬁdepende } cel&glar
cytotoxicity (ADCC). APHED RS 1T FBIA| AP BIES F ANBORGT Ptk RS AR RoE BRI o B At S
disclosed in 2:MWE06ER44 P ivhicbeersabbtage florreohExanrines pfentbshdrzameuprolagibody
B-Lyl (variable region of the rnurine heavy chain (VH): SEQ ID NO: I; variable region of the murine
light chain (VU: SEQ ID NO: 2- see Poppema, S. and Visser, L., Biotest Bulletin 3: 131-139 (1987);) by

chimerization with a human constant domain from IgG1 and following humanization (see
\WO2005/0AA2QE50Y Thece "hitmani7zed R-l vl antibodieace" are diceeclaced in 20 detail in \WO2005/ DAARQKQ




(in one embodiment between 40% and 60%, in another embodiment at least 50%, and in still another
embodiment at least 70% or more) of the oligosaccharides of the Fc region are nonfucosylated.
Furthermore the oligosaccharides of the Pc region are preferably bisected st 10 g,e rably, the
"humanized Ef‘u’; P%gfﬁ‘ﬂ 4dy comprlses VH B-HH6 and VL B-KV1 of WOZd)(%r/%ﬁg)gé) s used herein,
said antibody is also referred to as "HuMab<CD20>3. In another most preferable embodiment, said
antibody has a reduced level of fucose residues as defined above and/or the oligosaccharides of the
Fc region ar ost erabl ct e another ost prefarable. emboediment. sai ody
displays .%%2%8% Arf%(f%asx elf%r% 86 hlgrqg% e o :T%os]angc Ia%n el((%:lo ecfneﬁeggﬁ%s%%% ‘%%gzr)m

affect propériied ieRaHgBERE - difitdeyion &?ﬁé%éﬁ@ﬁ%éﬁ?&ﬁe’ﬁ? Sihg EHWW&’E gféblllty,
resistancéhiwipgateasaattadksinterabtiboisimithahel jrhemgresystessenphlatnzatokingtics Y artagpecific

biological gativity1 Hgh Bmﬁgm&eM@@eageﬁ%maywiﬁg%n@@eama@wmatm on the
specmé: Str CHCIUI‘GS fog gtlljgn ac Ihealng}ll%ﬁl omq{gtenerallzatlons between oligosaccharide structure and
glycoprotein ﬁb?unc ion can ories example certain ofigosaccharide structures mediate rapid

clearance of thg %\%ﬁ R:)&)‘(r)?teln %%?T é@gb %}Ig}(%%%%e% Ozr&%lij1 Inlt!o‘nt E%[(lztl(31[1§‘,evvllaj[ehn%%aekc)‘]lf|gsocarbocpiydrate

binding protelnsA es and trigger undesired imm Une reactions

(Jenkins etffEoNBIDFEBIOABSEC DG )ITE-BIOYKBIBIY fisHom HliamnarNe ass ardingr&réhfed hosts for

productionmetihiempeiticgly copioteths;tiugpeotheire2hdiaphbibinstogliccosilate proteins in the most
compatible form for human application. (Cumming et al., Glycobiology 1:115-30 (1991); Jenkins et al.,

Nature Bigtechnals htchoohsil( 12960y Bactaria sy danehp glycosyjatapidteinseanerticer athes types of
commgn O%téﬁa?%?é‘ ﬁ&ﬁ%&%}@%@ﬁé@% {ungieNsaes 208 Ranbeelks. Weld:alispsyigtan,patterns

associate rapl Clearanc bloo ,.un esirable im e intera, thhS and in some
specific caS881 30 eRRIRAhIBITMAYI KR %HP(?I%E difah S&‘éﬁﬁé}%ﬁb’s‘}é’ %gﬁﬁerkg%}ary (CHO)
cells havehbeerardt mumytusmxumm%&mhwae@aah@ imasanpnbeligikagessitable
glycosylatig paitemsciese Eelinalnmsansistanitganemtionatgelieticalysiabie Whighly productive
clonal cell{ines gTQ%xzaﬁsbPa%n H'M%da%m%%xﬂ?ﬂéﬁ'%ﬁﬁ&hﬁ%ﬂl‘%‘ap@gm SIS Usng SEumftes media,

and permit the development of safe and re oducible biopro, er3 commonf used animal
cells Hcluﬁ@%ﬁﬁﬁﬁmﬁ%a REARPABINRE RS §Hi\f%5g§'?ﬁja§é’§}s§- SBHE’@W@?&H&%@T@ FRSE Pecently,
productiorafrormipataigshiciianimals has also been tested. (Jenkins et al., Nature Biotechnol. 14:
975-981 (1996)). WO 2009/080541PCT/EP2008/067293 All antibodies contain carbohydrate
structures Etecenseohaagasitiohsdyl’ théhaawnohraid oohstaibtodgiomyrisitly esehadetggepogsessing a
distinct arggy ohNeli Kﬁ@%mwﬁ@ ﬁrﬁﬁ@éeanml@asva%bdmaf&e@tc@f@t@am REREIAbIkegecretion or

functional it AVTGH v, PG MOMSRILD b Tlredrg;r RIS A28 RARR0) Tl fructure o

the attachéd R]ahn]ke? (:ar%u varies erab ee of processing, and

epending o
can |@@|ud@‘ﬁl§j}ﬂﬁaﬁ%§é‘sﬁﬁ‘ﬂjﬁwnﬁﬁé{%®8 Legigiepnds ‘r?&ﬁ?at‘}éﬁ%]l%& YhigRs@ Rarides.
(Wright, Agrafed*édo?uémmtﬁmbfhEfmemdélﬁn@tedmﬁ@ﬁ%{% Mwﬁuﬁﬂﬁ@@lm&ﬁ'ﬂere is heterogeneous

proceSSIn%ﬂ%ﬁg@(ﬁ%%&@@%mtmge iﬂ@h&%@hgIn@ﬁmaﬁaglys@@wlan@ﬁm%euch that
even monoclonal aqtglﬁ\glges l%ents%iscron 1 %)(l:ur Qll?ol‘]:’lor{lqggéli Wi?gd éﬁﬁ?r@@ﬁﬂssﬁ?ﬁépmmﬁor

differences i 16 & fycosylation o etween cal mes and even erences are seen
for a given CEINfHeE %W%&@FW?& BY iy & TESHY |ﬁ’6’ﬁ§t‘?ﬂliﬂéﬁ/tk‘l9lselﬂx’“ whige ‘é cHi%iogy
5(8):853-22:1§1095))s Oree ma@%cbmtahﬂgﬁglénmréaeeﬁthﬁp@lend;ﬁmhﬂémchéﬁhngeaiéimple
production, prPeass a%qlleateﬂm@t@u@lﬁlaﬁ mmfi@@aﬁm@ﬁﬂﬂ§ff&béﬂlsﬂiﬁf&ffﬁﬁtﬁxd@gfuﬁﬁ’fmce the
natural, cell H&egﬂated SREHsgian f&'nfh qﬂjﬁnggpgmnﬂ a&%?%&é%&cﬁp%ﬂﬁ?&% e

ollgosacchar e component as descri et ature Blotec 17:176- 180 (1999)
oo i ol S S o AT A e
immunoth&rapytoarss §lebpitolelfrs 2at have a conserved N-linked glycosylation site at Asn297 in each
CH2 domain. The two complex biantennary oligosaccharides attached to Asn297 are buried between
the CHR 20 dorffaingyfiofminguextdnsivbodyhtatts witmthe el ypepiidethatkbemernd their presence is

essential fQr the 1@%9&%{ teemﬁ%fﬁ eetar @@mﬂpﬁa%@&aﬁm&mmee@m@lem collulangytotoxicity

(ADCC) (Lifel YCO |oIo 5:813-822 199 rs. R..etal., Ilm L63:
59-76 (199 'X\‘I\Pr E)tb m OF orrerrl}so %{CL ﬁsr %E%.St‘é’c ol Flﬁé %{egﬁ 1& Q‘%ﬁn\’}éz\é
previously KB ﬁmb@éar@saﬁr@wqﬂeﬁ.ﬁégéfw&ageeﬂls&mwww&%@ humfm antibody
8(1,4)-Nacetylglucesanityttrainsterasboliyd GeEreTdd RighraaglydosstitdansierssasediagSing3tidformation
of bisggted Qligasacrharides, significantlysncreasssthein illRARGEE Retlviba ofisit aptiegisiablastorna
chimeric monoclonal antibody (chCE7) produced by the engineered CHO cells. (See Umana, P. et al.,
Nature Biotechnol. 17: 176-180 (1999); and WO 99/154342, the entire 30 contents of which are hereby
incorporated by reference). The antibody chCE7 belongs to a large class of unconjugated monoclonal
antibodies which have high tumor affinity and specificity, but have too little potency to be clinically
useful when produced in standard industrial cell lines lacking the GnTIIl enzyme (Umana, P., et al.,
Nature Biotechnol. 17: 176-180 (1999)). That study was the first to show that large increases of ADCC

actinvzitvzy cotild be obhtained by 2B annainearina the antibodyy nrodiicina celle 10 avnrece CnTI11 which



20 thyroiditis, idiopathic hypothyroidism, Addison's disease, Grave's disease, autoimmune
polyglandular syndromes (or polyglandular | endocrinopathy syndromes), Type | diabetes also referred
to as insulin-dependent diabetes i mellitus (IDDM) and Sheehan's syndro ’ ' ne hepatitis,
lymphoid int&&ﬁ@?’ﬁﬁ%’ﬁ}nonitis (HIV), bronchiolitis obliterans (non- trans%%n@%@%’gﬁ,
Guillain-Barre' syndrome, large vessel vasculitis (ingluding polymyalgia 25 rheumatica and giant cell
(Takayasu's) arteritis), medium vessel vasculitis (including Kawasaki's disease and polyarteritis
nodosa), ankylosing spondylitis, Berger's diseasg (IgA.nephr rapi ressive
glomerulotﬁetp Srﬁfée,g reé)%.lgrn Bﬁ%ﬁfﬁl Gt ecc)g%l,uénéiglé ég&ﬁgp&lﬁg?%r?gﬁﬁgﬁ%%aobulinernia,
amyotrophi@!ﬁ@?éﬁE@’é‘W@(ALS), coronary artery disease etc. Therapeutic formulations of the
antibodies used in accordance with the present invention are 30 prepared for storage by mixing an
antibody ARitrythédeehed Shagitcas Pt A opioNar phapredeanibadies despasiitifriers,
excipients:ad stabilizers(Reméngtdtie RharmacgutidaleSeienceglbbtiiesitom@sdlpmaid. (1980)), in
the forn of lypphilizad JRiMulatiang Mk 3aneauaSAILaRT: HCaeabiR Gall iR vxeipients ok stabilizers
are nontoxic to reci |enti a}]%hg S§§§ag1? algd ccfncggc atlC nnso?orgglg%%gh%g ejterm ;glé{fgctant" as
used hereitPHeAGREABhAMMAC @}ié:@é% B SUrace-aete agent. In the formuiation of the
invention, gisetamiine o atfawane i ﬁb@@ﬁﬂéﬁ*@éhﬂ&@%@ééﬁ#ﬁ {pergAIRfume. The most
commonlyjesetadeighéletime, BNk isnah/ Micr Syita blie :tAADR0GYDBR5 49 PET/EP2008/067293 -14-
pharmaceutically acceptable surfactants comprise but are not limited to non-ionic surfactants such as
TWEENTmh RLMRQMGETHM of iaeivethyiee ghkast Rk, kuiithedadte isdmiariddd:bunnot limited to

are pplyethy E%QH?QS@&%%I’E%%@%&%§EQ <O ST SRRV P IRRUISAS BIY SO eans, such as
polyoxyetﬁy?ene-_ste_arates and sodium dodecyl sulphat é’re rr olyethylen-sorbitan-are 5
polyethylehaediesrisried SEame 3 BORY T E)%T}Eé)?boé[t%% \S618" uHae aé‘%%%é%%ﬁ(@vb}éen 20TM)
and polyostystisyten{@olisdebitammo fooleacgamemyganes polsbnshite SOreHRI BSHE AR PaIBATArK
Tween 80:)Resiryed Ralyethyicre-Pelyprepyteneghicpisoatbitinshusndd umderdize namesidieronic(r)
Fo8 or Polamst i pstpielaatn ERipamedAtmRicleeA AR Sizaiates are

those sold under the tra emark MyriTM. Preferfed Palyoxyethylene.10. monolauryl ether are those sold
under the RE8e s B DRAEAHB ﬂ?gﬁgﬁ%ﬁgﬁﬁéﬁfﬁﬁéﬂf W&&%ﬁ?ﬁbﬁ%’s élifjseitf:évéoelﬁ} 20" and
polyoxyethifen(20jsoHytarmarisslcB FwWeansorpakbsegen eaey! she Yeradi- uesaihodamount of
about 0.0Qdckrahau: Aiebpreierablypi-abaubf, 005 taiabaudt foldemhetistit poaferablyretadinte0.01% to
about 004344 TRSJRIMCRUEL 1% HRGHAPIRIN danaiesa BiANMAGELIF Al AGKaRIbIG uffer.
Suitable 15 pharmace |caTIy acceptable buffer comprise but are not limited to histidine-buffers,
citrate-bufféf8; succinate-buffers, acetate-buffers and phosphate-buffers. Preferred buffers comprise
Lhistidine or mixtures of L-histidine with L-histidine hydrachloride v&zit_h isotoniclit%%gents nﬁi potentially
pH adfistrheHisAiRsE asREGHRAZBRABV it SHECTIGLY JPe e Fa R ISR RE PP HE Y
abovemertiodiag histidifbButfeimartreferdialiaisading affiningunt EPatmbet P BABSIIPEL00 mM,
preferably(@fﬁab@l@trﬁdmw feerba R Brdisilbmore prafesabiyef @pout 20maM). mependently

from the buffer used, the pH will.nbe.adjust ISl 4
preferably é%%ﬁ? é?ﬁ lcg}a%é?}teg%ngﬁa‘}étl f‘g?% é??ﬁ@ggﬁég%ﬁgég %%%%?rﬁﬁ%%@#%%ﬁ%&%%e

known in t5EDAIBE BR85S adequate mixtures of buffer components or both. The term “isotonicity
agents" as used herein denotes pharmaceutically acceptable isotonicity 25 agents. Isotonjcity agents
are ugéd (Sipreviae nidrsidaelia Rrsah hesiBnic ForRsR IR L Y ormgliciecBiVstituted from
a solid formye. ghadydphiized!toravidmotenttesasolitgbnshavig thelsalne stomdity. &ssome other
solution with.whigh it iBGBPRAMRH.SuRas physiologic salt solution and the blood serum. Suitable
isotonicity agents comprise but are not limited to salts, including but not limited to sodium

chloride(NaC1)-f{ polassiHmshlonde, sUgass 30 nciding Rukn@himilet o UG SE SHirasfit

trehalose or glycerine and any component fr e group of amino acids, rs, salts and
combinatid‘ﬁesllm?ﬁ?é .ﬁgbﬁﬁﬁgﬁft?/@‘&%%nﬁr{éj‘%gr%‘ﬂ?pg‘gg ’ﬁ?@“ otar gr@o(;%t f about 5 mM to about
350 mM. WO 2009/080541PCT/EP2008/067293 -15- The term "lygphilized” as used ge.rein in
conneiorT WAt tHatS it S ekl ERFg O RS AY r&o@n&?@ %ef{)eﬁlrﬁ’flgﬁ%srb%‘mc% dried by
freezing thé/tdnmalasicrereth slebstyearitiyf Stbiimirg ikt ivedfheamtibairs2atdoktenegddiyecty
freeze-drying, methiogs kneweajndhe: ariifen exariplecamnencibllyavadialiih freee-drygidevices.
SThe term;, SRR A5 SR I N ASROIRS . Snidna eAkof Aol i G- RbAUEGAA
Non-limiting exampeies 6? salts Include salts of gny comhjnations .of the catigns sodiu Botassu;m,
calcium orsﬁ'ﬁé’ﬁ%eéiﬁ‘fﬁWﬁﬁlya‘fﬂa?ﬁv@ﬂk?ﬂaﬂ?cﬁf%%ﬁﬁgféﬂ gﬂ’g{é’?@ LA LR o R AR
thereof. The term "amino acid" as used herein denotes an amino acid in an amount of about 1 to 10
about 100 mg/mL comprising but not limited to arginine, glycine, omithine, glutamine, asparagine,
lysine, histidine, glutamic acid, asparagic acid, isoleucine, leucine, alanine, phenylalanine, tyrosine,
tryptophane, methionine, serine, proline.  The term "sugar" as used herein denotes a

pharmaceutically acceptable sugar used in an amount of about 25 mM to about 500 mM. Preferred is
100 t0o 200 MM Maore nrefarred ic 220 to0 15 2G0 mM Moet nrefarred ic 240 mM <intahle crinarce



about | to about 100 mM of a buffer, at a pH of about 4.5 to about 7.0. In a more preferred embodiment
the formulation according to the invention comprises: about 1 to about 150 ing/mL anti-0020 antibody,
about 0.005 to about 0.05% of at least one surfactant, and about Ito abo 6f,( uffer, 10at a
pH of about LECR 36’3?15[ Yo0.na preferred embodiment, the formulation accordlng Iz‘)e invention
comprises: about 10 to about 30 mg/mL of a type Lsanti-CD20 antibody, - 20 mM L-histidine, 15- 240
mM trehalose, and - 0.02% polysorbate 20 w/v, at a pH of about 6. In yet another preferred
embodim the formulatio 0 the invention cam t 30 mg/mL of
a type a?]% EB?Blgn?ﬁ)mgf n@g:%(% ? %thgl)?ae%% §%gf‘?\§fs ? IR (Sg)r%ll\c/%’@LC ?s%%%glgé{r%%%

trehalose L4 ¥ @F%B%%%@?@Feﬁ%@sﬁﬁg gﬁ’t‘lcﬁ‘}ffzghaencﬁggﬁfz“@aé ’&B@”Il At ‘éiﬂ?“nfgﬂgf:e
preferablythtiee- dintie GG atnubmdglbs thefpeniamibogdipnE ven femmrdquatieratitb, theeCaits-EDRO antibody

s abhum@%@gﬁ@&x&%@m ?eqe lggediie seialdn NVOZQRE/ (A4 8588n MDstRgienipiky the
antibo YIS Hulwva < or ncom | Yy, more
al;gar Ou¥ %B‘l 1c1% agft;% gpe Bg'égt@g{@ g%é?ﬂ%lg%l&%d

30 pre ereﬁ)alre n more prefer t 10 to about
30 mg/mlﬂé‘feéléﬁﬂna?rﬂ%asﬁ %‘ieé’éfé’&%éa f%"r‘iﬁeﬂf@lﬁféﬁé’f%? q580Een-10, 15, 20, 25 or 30 mg/ml of said
antibody, and most preferably 25 mg/m1 of said antibody.  The formulation according to the
invention G4A 1§87 g&mqmwehhﬁ regianyepimssentoidiBgincatinumd 38 ARG StRET oM gD
lyophilizeddernu dlmane ﬁiﬂbeﬂdmnﬁmeai&rhmdlﬁmmlaemrehp@mbthé)mermod)iscﬁdgoﬁmIized

formulatio %JYM@}E %%E% é’éé%ﬁhﬁﬁ?@é@@&ﬂ&%%% BMeRtioR Aptthaadiaatagenafian
2009/ 805 PCT /EPéS Eé“ 3-17- |m ved, stablllt Wlth re. dto the formatlo ofﬁ)lartlculates
i mol

and aggregai¥¥ofhi U WeiGht that 5 USUaR ho? fhictl fgt PP iquid
formulatiofs Aypeey aashie &ﬁ%fﬁ%ﬁ@ﬁ%hﬁﬁ%é@%ﬁ% giterpseedishibars heavyehaits fhiflation
accordingdexithelinenfitse Camie-adQinistdred thy dinmiendBs, LB, 5FRIHEINAASHRS (S.83).0r any other

parental aﬁm'pﬂreggemeaaeﬁy%ee mlaegecﬁgevmm F%mfmﬁQSH{%@tmost re/Ethgsmore, a
formulatio gcor&e% gl&lnvgentlon ngile%/ comgdla > sert\(/) ""é f%n dgfsquﬂmeq'}ylbenzyl
ammoniu 1& fieniunm chionde: en%a m chid benzet onlum C a[orlde phenol,
butyl b betzPaenras O’éﬁswemsBﬁglgae}?%téa%ﬁéfﬁsﬂ%é%%dﬁh%&ﬁsﬂéhSeé&é%%“Pé}ébrc.no|
cyclohexangtj3pentaaliabdirsdesdl); (089 oledidarhweightiflesdrihan Apperibdirblithops)
polypeptides; proteins, such as serum albumin, gelatin, or immunoglobulins; chelating agents such as
EDTA, saltfigrating cuvrjesdanssubnigaddivn; s aiarchmplakiyhiéecn, Zndireted eompléxas). The

active IngieSEnta I S0 REIAPRERLIR MCIOSRARIES RARISH oy et plechyoka goaceration

techniques or terr 1al p me 1z exa dro cellul

gelatin- mléi‘Bb%?ﬁ IS tfi‘S qé’h’#& Iﬁ?élgrﬁ &%8%8 ﬁ?e%l r)é% Iot?l ‘“‘.’ﬁ“éiéw g Yrug
delivély sy%&%a@]sr(mﬁemﬁptethmb!ﬂemeéceﬂﬁ)@mrﬁwe@%éﬁesa ?ﬁ%ﬂ%ﬁﬁikﬁﬁé}aﬁ&ﬁ@%artlcles and
nanocapsyps) oThe laasaamhd sitinexSehisChoiones arardisclosed indReniihgtolls«Rharmaceutical
Sciences ]6th,egition, Osol, A. Ed. (1980). 20 Sustained-release preparations may be prepared.
Suitable examples of sustained-release preparations include semipermeable matrices of solid

hydrophog p%mefééﬁéﬁam' s, 2niPar WHIERMAcER 8 10 Mg B Crolehapai silides, .0

films, or microcapsules es 0 sustalne release matrices include polyesters ydrogels (for
example, poIfAE W@F&&Ethw ﬁ?e%érﬁ%) a8?1|5t1§R/(V|nyIaIcohoI)) ponIactldes (US 3,773,919),
copolymers of 25 L-glutamic acid and gamma-ethyl-L-glutamate, non-degradable ethylene nyI _
acetatd, dgéﬁﬁﬁﬁlﬂmlaﬂﬁmlééﬁﬁd%@ﬁﬁé%%m%%@ﬁ Rt pig Mectable
microspheseSbampaied. dfdpatitiracio- l;iydmig:pmmtm‘mpaiyhmlegdﬂwpvm@@ém@mnd
polyD-(- )-%M@éyte&me@:e@@m EHW?}J&@%@%&QM%&%@&@ (e egkainistationirousiobe
sterile. This i | L y. 30 ac Ilsﬂléi bg rleé hrou%§te;&| ¢ f%&raot %66'2 ajes. 2W§3

re

2009/080§ﬂ ormu ahon o mventlon comprises a
sugar in aAshisEd Mﬁb@h"ﬂlﬁqw 2 G988 B‘b’@ LaseadfiRsd: herelnabove Preferably also, the
formulation of the invention further comprises one or more of the following ingredients: antioxidants,
ascorbic acid, Gigtathioti; Pedenvidtiviigs e.g., m-crestipsiphetdlZ8rmyibistibol, methylparaben,
propylparaben, chlorbutanol, thiomersal, benzalkoniumchloride, polyethylenglycole, e.g. PEG 3000,
3350, 4000, 6000, ajtparinirielthemtere type 11 CD20 epitope

Localize CD20 to lipid rafts Do not localize CD20 to lipid rafts



serum albumin (USA), bovines serum albumin (BSA), polyhydric alcohol, glycerol, ethanol, mannitol,
salts, acetate salts (e.g. sodium acetate), magnesiumchloride, calciumchloride, tromethamine, EDTA,
(e.g. Na-EDTA). 10Preferably also, the formulation of the invention furthej; fﬂ%%ﬁs‘?ﬂ@ or more
stabilizers ad'deffiedHeteinabove and ingredients also known in the art as&ﬁyoprotectants" such as
sugars, sugar alcohols, amino acids and dextrans ag known in the art.  In a certain embodiment, the
formulation of the invention comprises the following formulations, either in the liquid, lyophilized or

liquid reconstituted from lyophilized forms: 15 15mg/mL of Ll anti, CD20 antibody, preferably a
humanized Blﬂﬁeﬁfﬁig%}&é g%h&éb}%qg@a ly HuMabg&B%;%% %%&%%?Z 20 wiv, 20 mM
L-histidine, and 140 mM sodjum chloride, 20 at pH §9;er.LQma/ml.ef & jl anti CD20 antibody,
preferably a HiRfaniddd 8.1 I%ﬁfil%’&i}’,%ost preferably HuMﬁlt?ic 20>, 2@ 0.01% polysorbate 20 w/v,

20 mM L-histidine, and 140 mM sadium chloride, at pH 6.0; 30 or.. 15mg/mL of a type Il anti CO20
antibodly, preferabl}:ylglﬂﬁ}m%%acg&yl antibodly, mogf%%é%'@e}%fﬁ%ﬁ%DZOZ Optionally 0.001 to

1% wlv of a surfactant, 20 mM L-histidine, 35 at pH£.Q;. 51950500 gmLLE shtype If anti CD20
antibody, preferabl§BMRA$PEFB Y1 antibody, moostggrefgrab y Hu ab’<(]:D20>, 50.02%

polysorbate 20 w/v, 20 mM L-histidine, and 240 ng{\tb;@hg[c&@t@tim(ﬁ;&; 15mg/mL of a type If
anti CD20ARIEEY skeEPRBI A KIRFEEE B-Lyl antibody, mestspiefénably HuMab<CD20>, 0.02%
polysorb 0.wly, 20 mM L-histidine, and, 15 2 M trehalose, at pH 6.0; Or 25mg/mL of a type Il
anti CDZ%&%R ?b%éf/? erié{%srg ngﬁnrf?atﬂfggldaﬁtiy agr%tﬁ%lg%ﬁéﬁg%st preferably HuMab<CD20>, 20
0.02% Poloxamerl88TM w/v, 20 mM L-hjstidine, an mM, trehalose, at . Qr 25 25mg/mL of a
type If antP@Wff%ﬂB’dB??W e%l{fé‘%%ﬁrﬁ%%%%@ﬁ %%%%Oggifﬁglét%%e%%%%éﬁgléCD20>,
0.01% Pofsxahied 88T M avk GleRAmtieds seines dawibabhivbeetinsdd: condipreeneciges

CD20 on Raji cells {ATCC-No. CCL-86) of said anti-CD20 antibody compared to rituximab.

5 As used herein, “anti-CD20 antibody” can be either a type I or type Il antibody. Preferably, itisa
type 11 antibody.

The type I anti-CD20 antibodies have a ratio of the binding capacities to CD20 on Raji cells
(ATCC-No. CCL-86) of said anti-CD20 antibody compared to rituximab of 0.8 to 1.2, preferably
of 0.9 to 1.1, Examples of such type I anti-CD20 antibodies include e.g. rituximab,

10 (WO94/11026), 1F5 [gG2a (ECACC, hybridoma; Press et al., Blood 69/2:584-591 (1987)), HI47
1gG3 (ECACC, hybridoma), 2C6 IgG1 (as disclosed in W02005/103081 ), 2F2 TgG1 {as disclosed
and WO 2004/035607 and WO2005/103081) and 2H7 IgG! (as disclosed in WO 2004/056312).
Preferably said type I anti-CD20 antibody is a monoclonal antibody that binds to the same
epitope as rituximab. The type Il anti-CD20 antibodies have a ratio of the binding capacities to

15 CD20 on Raji cells (ATCC-No. CCL-86) of said anti-CD20 antibody compared to rituximab of
0.3 to 0.6, preferably of 0.35 to 0.55, more preferably 0.4 to 0.5. Examples of such type II anti-
CD20 antibodies include e.g. tositumomab (B1 IgG2a), humanized B-Ly! antibody IgG1 {a
chimeric humanized 1gG1 antibody as disclosed in WO2005/044859), 11B8 IgG1 (as disclosed in
WO 2004/035607), and AT80 [gG1. Preferably said type Il anti-CD20 antibody is a monoclonal

20  antibody that binds to the same epitope as humanized B-Ly1 antibody (as disclosed in
WO2005/044859).

The “ratio of the binding capacities to CD20 on Raji cells (ATCC-No. CCL-86) of an anti-CD20
antibodies compared to rituximab” is determined by direct immunofluorescence measurement
(the mean fluorescent intensities (MFI) is measured) using said anti-CD20 antibody conjugated

25  with Cy5 and rituximab conjugated with Cy5 in a FACSArray (Becton Dickinson) with Raji cells
(ATCC-No. CCL-86), as described in Example No. 2, and calculated as follows:

Ratio of the binding capacities to CD20 on Raji cells (ATCC-No. CCL-86) =



-20- 0.1% Poloxamer1881m w/v, 20 mM L-histidine, and 240mM trehalose, at pH 6.0; 5 Or 25mg/mL
of a type Il anti CD20 antibody, preferably a humanized B-Lyl antibody, most preferably
HuMab<CD20>, 0.02% Polysorbate 80 w/v, 10 20 mM L-histidine, and 240mM trehalose, at pH 6.0; or
25mg/mL of &’@b‘@%’l"%‘%ﬁ’cmo antibody, preferably a humanized B-Lyl aﬁﬁl%%?f} ?ﬁ/gfé%zf% preferably
HuMab<CD20>, 0.1% Polysorbate 80 w/v, 20 mM Acetate, and 240mM trehalose, at pH 5.5; 20 or
25mg/mL of a type Il anti CD20 antibody, preferably a humanized B-Lyl antibody, most preferably

HuMab<CD20>, Wq@ﬁlyég{bgﬁgwbﬁ@p mM &ggtq%egﬁglg{@&@g)gnm@gg%m chloride, at pH 5.5;
_ ETIZEA B :

or 30mg/mL ofaﬁypg%f@ggmmdﬁ preferanly most 30
preferably HuMab<CD20>; 0.01% Poloxamerl83TM w/v, 8)
2009/080541PCT/EP2008/067293 -21- 200mM trehalose, at pH 6.5; In a preferred embodiment of
the formulgtion accarding dorthe-invertion;. the: farpulaiion i ife hophiirediformaandwamprises after
reconstitug ELM) tp& apRLoRate; ameunkf yvater Sfor njection: |Orrig/mL of a type Il anti CD20
antibody, %?efera Ily a%umgjr%zed B-Lyl anltibg%?/, most preferably HuMab<CD20>, 0.02% polysorbate
20 wiv, 20mM L-histidine,.and . 0 rehalose, a Oalhisf o, VS8 good
stabilit u%rgﬁlg % égéﬁ?ﬁ-%%%ﬁgé%@%ﬁ%@%%étéi?aﬁ%%&%ﬁ‘r gg%%kggh%/s?gﬁ@ndggints such as
aggregatiéﬁué%l R4 EhdiSo phe i BF O 154 G HE AT LT A 35t P BRI R &t 6f the
formulatioprefecdngifig to tHe invention, the formulation is in a liquid form:  25mg/mL of a type Il anti
CD20 antibody, preferably a humanized B-Lyl antibody, most 20 preferably HuMab<CD20>, 0.02%
Poloxarnerifadin sy ne midd-Qistidanebadg 24 @milvbted at béediap php & 02 G122 prefdiead

embodimepi therfarmelation iseyselul fQejeravaniiog o dusio metastasisal futhesdissgmination in

such a pa%ge t sg#ffe%i?%fg%rp gpf%egéor?ggéggc n4ct%r0'ghe formulation is useful for increasing the
duration of SURVAFof stich 2 pati i 1

'.1 O

ent, m%reasmﬁ the progression free survival of such a patient,

increasing the duration of response,. tesulting in atistically significant and clinical aningful
impromemgghi‘ Bfet%lér ki ﬁ?&&%&fgﬁfzﬁé WPeeaég}]éH %%@ﬁ%od{’( rﬁ%ﬁ%%&ﬁagﬁ/a ,%%8%9 r%/ég]gi?on free
survival, respbede raténsredsndivhbetirelpendentiee dupefisivErisidddiaent, the formulation is useful

for increasing the response rate in a group of patients.
By “antibody having increased antibody dependent cellular cytotoxicity {ADCC)” is meant an

antibody, as that term is defined herein, having increased ADCC as determined by any suitable
method known to those of ordinary skill in the art. One accepted in vitro ADCC assay 15 as
15 follows:

1) the assay uses target cells that are known to express the target antigen recognized by the
antigen-binding region of the antibody;

2) the assay uses human peripheral blood mononuclear cells (PBMCs), isolated from blood of a
randomly chosen healthy donor, as effector cells;

20 3) the assay is carried out according to following protocol:

i) the PBMCs are isolated using standard density centrifugation procedures and are suspended at
5 X 106 cells/ml in RPMI cell culture medium;

ii) the target cells are grown by standard tissue culture methods, harvested from the exponential
growth phase with a viability higher than 90%, washed in RPMI cell culture medium, labeled

25 with 100 micro-Curies of "CI-, washed twice with cell culture medium, and resuspended in cell
culture medium at a density of 1 0' cells/ml;

iii) 100 microliters of the final target cell suspension above are transferred to each well of a 96-
well microtiter plate;



WO 20091080541PCT/EP20081067293 -22- In the context of this invention, additional other cytotoxic,
chemotherapeutic or anti-cancer agents, or compounds that enhance the effects of such agents may
be used in combination with the anti-CD20 antibody formulation according to the invention. Such
agents inclu&gf)fa}"g%ﬁf'ﬁle: alkylating agents or agents with an aIkyIating} gg{i%Pr%ﬁ Qith4ed 5
cyclophosphamide (CTX; e.g. croxan0), chlorambugjl (CHL; e.g. leukeran(r)), cisplatin (CisP; e.g.
platinol(r)) busulfan (e.g. myleran0), melphalan, carmustine (BCNU), streptozotocin,
triethylenemelamine (TEM), mitomycin, C, and the like, anti-metabolites, such as methotrexate (MTX),
etoposido U DR E o B L B e RS e,
5-fluorouratir@ir pidhpesiibiaarEbe X srbem g addedoiie tereregeilii 16 Wevike; antibiotics,
such as agtilasmyeiplide, dexior i ciip OXRaeig: sadiidmiycin 0 e diaanorutieimifgatbinemmyiein), bleomycin,
mithramycinand e ke, alkglaids, such as vinca alkaloids such as vincristine (VCR), vinblastine, and
the like; and other antitumor agents, such as paclitaxel (e.g. taxol(r)) and paclitaxel derivatives, the

cyosialic goep . dhisaRilcalds iR A ARRIIShARANE (fstn B fiReadiRmN aRiaAigosteroids
such as prédnisone, nuclegside eélzygn\;ebgnhgbli(})]r% 15 such ai h}é’dr(i){ﬁ/urqa, arrélno acid depleting
enzymes SUEH 48 <R RRRRRIIER I dhi OthATHSIE ARS8 RIARAE L UA Se&H8HRE, diverse
antitumor yeritstTherfellwingisgentsahalthisoeods sel woadariohil By¥ats: arnifostine (e.g.
ethyol(r)), dactinomycin, mechlorethamine (nitrogen mustard), streptozocin, cyclophosphamide,
lomustine T O}, spoxomavicimdipod €58, doxildy, Haddtitatinecls . hemater Oy aimgdhgbicin lipo (e.g.
daunoxome(E)}dREERIRAZINR e RUSTIMRIDI R CaTetaxel(E-alirx olere) npisasiawsihcaniapiatin,
oxaliql tinéo {%grli}bgngmg%ngg#%%?ecin, CPT it (irinotecan), 10-hydroxy 7-ethyl-camptothecin (SN38),
floxuridine, flu ifostamide, idarubicin, mesna, interferon beta, interferon alpha, mitoxantrone,

ar Blne,
topotecan, leupraglide, megestrol, melphalan, mercaptopurine, plicamycin, mitotane aspargase,
pentostatiﬁl,spfg % 6‘%&?\? ﬁ%%tﬁﬁpclfﬁ? %%F?”I%l)l(i 8?1? élﬁlgéo%ia%f{t%gf@ac lc){lr?gc, %ﬁﬁgq)nla’rtlgf ligtepa, uracil
25 mustardovirérefbine, chlorambucil. Preferably the anti-CD20 antibody combination treatment is
used without such additional agents. The use of the cytotoxic and anticancer agents described above
as well asvantipfotifercdiios tdileEpECifespentiiem teriariugPrre) prorddadifaseinnmitorgshl an
chemotheapedticrgaitenaris gRTRenallyiwed thesaciqlized in ihercabsrr thetappraads2and their use

herein ﬁ’alI%tmqsﬂgﬁea?%ﬂ}ngg&;ggerations for monitoring tolerance and effectiveness and for

controlling administration routes and dosages, with some adjustments. For example, the actual

dosages of cr Ic agents, may.var [ t ient's. ponse
determineﬁ(st?[yg %%%gxﬁ??s 8%%%%1?#5?@0%?&%2gérgxﬁﬁgﬁée}lélo%ggée %ﬁ%%%gqﬁgé%%%ﬁared to the
amount udagifGRERHER B BP AT H TSR BRPIHTNE8E Typical dosages of an effective cytotoxic
agent can be in the ranges recommended by the manufacturer, and where indicated by in vitro
responsestoflieBpsRRREe AfARFAF Mietissalealtd fnrach goohoss e e TFAERD 8BS 93he 3
reduced boupit: ABRMBNENRIBR Df MidgwitadeEBom tentratign wdamuvity. flhusiive actpeibdosage will
depeng U%%&Eﬁefw@%@rﬁmﬁ%ﬁwﬁiﬁ%,tM@MiM%ﬁ*&aﬂa@é{%@ aashiieelfectiveness of the
therapeuticmetnod hased anihe L YIte respansivencss ot e RUmap chilared malidnapt celis or
histocultured’l sué_samp e, or the resBonses 0 se)_r‘ve_ in the apprgprlate animal'mo er. In the
context of & TAVEANEPO %A EREIVR nBal 1S BRIZING 420N on may be carried out and/or a
radiopharmaceutical may be used in addition to the anti-CD20 antibody formulation according to the
invention. Phanstrased HPFAd atidelioah seitimandneesma v s emangissaast PeiprfHelEd. When
the sourcenissext@rnatia the paliedt; hectherapy imknowned slexiernad/b0 bedottiadiatide therapy

(EBRT3. When.the soutge Afuadiatignisiniernalio shematignhethe trertmsatis caled Hrghytherapy
(BT) Radigactive ato

s for. use in tt%)e ontext of this invention gan be s[%lected from %}gégoup
including, BB AGETRYIRE B AR RT3 PR O SRR R S H Kobal-57,
copper-67rasshnithe D9 lodnrasupe vodiike PRIveatsrinMgirind by Ahssynesmibednadetsedantibody
with such madiessiivesetopess: Rekiersbly iteasdbeantiaRPfradiibiody forifiddtionfacookding 40dhe
invention ig tised withost sushnionizingvadiation Radiatiiandnarany is.asiensase:Heament far

contr%:&ng unreslﬁgtab.le or inoperable tumgrsfr}ipd/or tumor metastases. Improved results have been
seen WherPPAHIS Wﬁ%er%fﬁg{;tﬁé)sv%rg%reéé Biriéd with chemotherapy. Radiation therapy is based on

the principle that high-dose 20, radiation delivered to a target area will result.in the death of
reproductiv %eﬂéc‘ifaiab“&ﬁmof%mﬂgﬁﬁf iSEFeS, rﬂ%&’i%%if}ﬁs&‘ésaé % ﬁhtgﬁtigl%aéﬁerally defined
in terms oferddiaticaidbsonsbddosed@ip) effaeterfaictiens abmswmostoanahuyinsieakarengierefaed by the
oncologist The amount of radiation a patient receives will depend on various considerations, but the
two most important are the location of the tumor in relation to other critical structures or organs of the
body, and the 25 extent to which the tumor has spread. A typical course of treatment for a patient
undergoing radiation therapy wilt be a treatment schedule over a | to 6 week period, with a total dose
of between 10 and 80 Gy administered to the patient in a single daily fraction of about 1.8 to 2.0 Gy, 5

days a week. In a preferred embodiment of this invention there is synergy when tumors in human
Nnatiente are treated with the formiilatinn accordina to the invventinn and radiatinon In 20 nther \worde



20 incorporated into the compositions. In yet another embodiment of the invention, the formulation
according to the invention comprises a type | anti-CD20 antibody which is in that is co-administered
with a type Il antiCD20 antibody according to the invention. The formulati rdi the
invention may) Bé%HE* & arate formulations for each of the anti-CD20 anti%@%({ﬁéﬁg&ﬂ@%\%)ﬂvely the
formulation 25 herein may also contain both antibodjes in one formulation. In yet another embodiment
of the invention, the formulation according to the invention comprises a anti-CD20 antibody in that said
anti-CD20,antibody is co-gdministered with a anti-Eﬁgl—Z acfiv oRAL: Tq?(}ger&q BGl=4 RS ed
herein reftek}gu;[c(l;’)1 fﬁ%%aééﬁ% %r% eih g\c}\r/iggs Fo r?BeRI%I. T&%g’,‘fﬁ’emabgreofl the Bd-2 g&imﬁy (é)J?S
proteins. THEXRrARddhE. Bel-Dadivk24§ént” 30 comprises "anti-Bd-2 antisense nucleotides” and Bc1-2
inhibitors”. The "anti-Bc1-2 antisense nucleotides" down-regulate the Bc1-2 mRNA levels and reduces
Bcl-2 protélit éstpréceionemgaindeRea G s rirBei COsntisEis s nelestied ndiner GBifhersen and

SPC-299GeiTh3 drabhudesthettin mehnminbiif4hSChistobipifenyipRatme by piperazin- |
-y|iber520yl;lll-é§t;§d Eﬁjé?@&%l 'WQH&)&QBL}(PHFQO%% lanyimatbyhar @{;H;EQEHS with an anti-

-4-nitrobe%zenesul onamide; 4-%4- WO 2009/ 'AélPC‘I;{(I:EGP 0(())1%/ 97%9 ﬁ)r’éis found if the
(4'-ChlorobipHERgH29¢ If‘ﬁ%?ﬁ% if?etilgz_li?l‘f?-%?ﬂ\f? C Braethy ARG -1(R)-
(phenylsuifeilypdictriissapglemnnsairatamopHSH S ireohysd ed drmibbo L Blp TR RRGRE MRS is
describeddVMR:2006109 966 4siyGopesfo SnedtratfetalyceitiCAl (2086 ) B Ge B R6S8cels usdd herein
means a Bels2 inhibitoss Whishds deseribed in s AQNTR%AL 35 RielR 30 herantiRed 2 active

ageni's selected from O imerslen, S C-2%9 . TA-402, Gossntol, AT-101, Obatoclax mesylate,

A-371191 WHDSERREMANL BN RE AOREY) 01 BL-11, BL-193, GX-15-003, 2- Methoxyantimycin
A3, HA-14-1, KF-67544, Purpurogallin, TP-TW-37, YC-]%? d.Z-24. referably the antiag -2 active
agent is a BRISBREN BiAdRE RGP A AR e oA W%ﬁﬁﬂﬁtfﬁ ATV Or's pM or less.
Such Belizqrotein imdinepinkibieriyipesiesiske 20daluectee frdrh GoksybshtArr 108, sdtoclax
mesylate, ABIC203 anfbARE a3 é ameiepealermblfTem ABTpebloarpARd 1634choyet.dnefhebly
embodment eLRelnYERiaY the lormhialian accardine I th bualipneomprises a anti CD20

antibody in that said anti- antibody Is co-adminiStered with a 15 proteasome inhibitor. The term

"proteasotpe inhibitor'.as used.herein refers to agent ich inhibit th Ivj easome.
Sucheiérotgaggofﬁéénlﬁﬂ%itgpsﬁlgﬁﬁﬁgeaiﬁe{%?{}a %}e?ngqﬂg%%g\é dleﬁ\@gtlf}}géag%h é\%%gégpd%%%%ﬁ%es (e.q.
MG132, MIGMEE! ¢oERiisg sl ARiAep ABEHed Aa 8HBRRUARD 1t AP EIEB: (EBz-LnL-CHO =
N-carbobehizylexyateileyinooeusinhlser 1d8:120060242064)poptide iodmsites! (& ghrovmezomib
éPS_-34_1) @tﬁ?ﬁ?@)yﬁ@g@gﬁt@g@ @gm@y&ﬁm%mﬁg@fma@mw&ﬁg@mem@f%gmxomicin
erivative cafilzomi -171)), or peptide viny . - e derivatives
such as sall %[(l)g%g r%er%lg er%}?é@gg%gﬁ ,a(s%l I r}:ciias}/l 1%%%%%68gﬂ%@%@?&“@ﬁﬁ%ﬁﬁmystin
derivéﬁveéY(éI@.Oﬁé’stI@-VéEPa%ﬂﬁ@E%Efé‘ﬁE%ﬁg‘tﬂﬁﬂ(ﬁ‘é)’%ﬁg‘ﬁstfé} PRERRRSTERR S BEE AR structures
of said prateagtmernnhibjtordeate desoribiod €I in Kifsolel Blood & 3l: 48hdar Bit{R001) 739-758, 25
WO 2004/Q0479. M I0MSIKC; GrifiehlacRes 66(16)( 006 HBAH- T8I Kanagasatatiu et al., Curr
Opin Investi PrL{lcqs f (%8%) 447-51, Adams, J., Nat Rev Cancer 4 (2004) 349-360 and US
200602418@.05@% é}b y Such proteasome inhibitor is selected from peptide aldehydes (preferably N-

carbobenzyloxy-leucyl-norleycinal (IPS]-001)), beptide boron referabl tezomib (PS- 30
31)), pen I b RIS ot Ao oﬁéf%fcﬁ%qagﬂ%%ﬁs%t%%&%233?,%%8%%??%&3@5?
salinaspordfReRI K BT Sub . MRS PrersBRISthaTBEReI88 RSN SE) SBIEP #ofnlBortezomib
(PS-341), caridpbmibi¢R Bf el salinbeperdmid VA [NBR0O5R ol Neadbbbegiyl etybleocyiitorleucinal
(IPSI-001)y;, WY, 20Q9/089p4EBRAER2003/06/293 s2érd Rreferablyestegamiin(R9334139 or peptide
epoxyketo @gncﬁher preferlr%g tﬁg&?&(ljlgme&ti Eg%pc{gte%s]%me if}@gggr i? 0 9§§tide boronate
(preferabl@%yt . .‘:i 1?551@3%; see, e.g., ,&cfamg,, ur.?&?pm.%e%n_ |0E. g & _§) 493-500 and US
5,780,454 Praiaripn/ sre WIEL A& IPhibhee hhuwmiced B drithadhad b et iRhiBitory activity
of 5 530M detiebi Wiots{vefesabdy of 1 uM or less. A Cell-Based Assay for identifying such proteasome
inhibitors and for the determination of the IC50 of the anti-proteasome inhibitory activity (via serial
dilutions ape-galblilaliorhusiagifnorEnaatisodye itsVétifibkakyiene(ReBusiyesaib olitipselkte:d Guilford,
Surrey, Uk} ig deacripeddn NRiayes sebap Selbhlaiasid ?098)4-n48ing BrelgasemeGloT™

Cell-Based Assay Reagent from Promega with U266 cells (h lasma 10, i
"add-mix-r?%%%?ﬂy%/'%ﬂs@é?‘ r]r:‘lsé’ﬁg’lﬁpé’sp fﬁ%gréﬁ Lt g%dll?é%%r%z%ﬁagg\}aﬁé ggggéla egg vﬁﬁ—_gﬁe
proteasonte Tt Fd S S5 L8 eBibEd Ipsi 8o B WP2007 6492 e eretoialy: idyithsrieucinal)
also the folleimaoppaptidBdaE VativeseitiS200602HbaF0hie praidiadgion of the light chain (VL) of
proteasomeinhibitors:N-carbobenzyloxy-homophenylalanyl-phenylalanylal, 15 N-
carbobenzyloxy-leucyl-phenylalanylal,N-carbobenzyloxy-alanyl-phenylalanylal,N-
carbobenzyloxy-glycyl-prolyl-alanyl-phenylal anylal,N-carbobenzyloxy-glycyl-prolyl-
phenylalanyl-phenylalanylal,N-carbobenzyloxy-glycyl-phenylalanyl-phenylalanylal,N-
carbobenzyloxy-leucyl-norleucine boronic acid, N-carbobenzyloxy-phenylalanyl-phenylalanine boronic
acrid N-carbobenzviovvv-homonhenvialanvi-nhenvialanine boronie arcid N- 20



-27- The following examples and figures are provided to aid the understanding of the present
invention, the true scope of which is set forth in the appended claims. It is understood that
modifications can be made in the procedures set forth without departing from the s irit of the invention.
5 EXAMPLEgﬁ%(ﬁ{?ﬁg the following formulations, either in the liquid, Iyo%ﬁl@g (1?7%3%1
reconstituted from lyophilized forms were prepared; 3.0 15mg/mL HuMab<CD20>, 0.01% polysorbate
20 w/v, 20 mM L-histidine, and 140 mM sodium chloride, 15 at pH 6.0; 20mg/mL HuMab<CD20>,

0.01% p 140 m dlum ch at 0 15mg/mL
HuMab<C%§0’gj’i§ %\%éiy‘r(ﬁ@[ W&q%%’;’g%f@ hg/MmL | Eh d’% ?J%Igpc% Sorbate 20
wiv, 20 mmerﬁélvoﬁﬁég%ha@@%opﬁﬁfﬂrﬁ@ﬁa}@&www Lzsﬁﬁ@mélﬁ@m&b@e@gm%doz%
polysorbat&R2Dinvive B5r28lan vt dotistidindegndcaiier 06@108054 MR CIVERPR2BB806 7293 -28- 240 mM

trehalose V@bpbb@4%6554‘é59“zﬁ%ﬁ%&alieé’t Wasa: e phizethfprm: WQ@@W}%@W geeemstitution with
the ap ro iate ? amount of ater for i ifitl ggEF‘ /mL HuMe} erC(:ilDZ 2 O (pofxsorbaﬁ 20 wlv,

20m sot?aﬁ%coen%ﬂeﬁrﬁ T}@sz rehalose, a S()hafzﬁls formutation Shows a %f’ood) Stab ?y upon
storage an-‘@&%@@ﬁ?Wﬁ b atedsss; lﬁwqﬁﬁﬁfﬁsﬂé%ﬁ%ﬁ%r@% Bblﬁi’t% LérPag8kgregation
and chemicabeadpbindssuchas<dh ffgrmehiationn kiquicandbydiphilised chug Produdtictitulations for

]Parenlte{ahasiﬂmp eﬁe&mmg@a&g&t@g%@?yg@@&w&gﬁwﬁnﬁf mﬁeﬂqweﬁ@%ew&:ﬂon ofthuld
ormulatio ations o < > Wer, are omagenization ions o
HuMab<C,%%¥F%¥gmgocfuc?fgn (ﬁ R/Ith dm%l%n %rerpa%P%% ZDrSgﬁteg (I)\%((g)rfS OmM
histidife mm@ﬁﬁlbﬁépb%wed&ﬁﬁlﬁﬁéi%ﬁw&@%rﬁ%ﬁléﬁ@é HHHG: %V(Wf/) polysorbate 20).
Formulatioi© oidH o5 2 CB 262 tareialsaibeprepdr écd by adiusting théHudfeir2B2ortcdntration to the
desired C%%%%F%H@é} Pééf@#éﬂl@ E‘;ﬂl’i&'&z%@%a@&fﬁi@&&? fo 5@&@3%1;!3?0@@&% aRtifies tonicity

adjustmen % uire d and.can be |n dissolved for t%rnat I)f as, SO|Id
e me abpvs f” oF % cchandes 0 on are Most. '& 1SECie:
Surfactant was added toO ormu fions as a Sto on as requi Y ormulations’ were sterile

filtered thrétRiheo Bosy ﬁﬁfﬁ@%%ﬁ@ﬁ@%ﬁ?faﬂ?%ﬂ&ﬁ%‘f@ﬂ W@@W ﬁﬁ%‘s‘\lﬁé@ AheeBRFSERE N rubber

stoppers and alucrimp caps. These formulations were stored at 30 different temperatures for different
intervilis oftintdigmeceanidesamaoanalysissignificamhepint dpRrEaerier tne thiivielfist ptbyraphs.
Formulatiahs ypetei aglalypestct) iy diMisp eniraph et ye2)tnyc Sivg foxelusiondtrnmatography

(SEC), 3) jamviaible, Ands ﬁ'gﬁﬁﬁﬁ{iﬁaﬁﬁeﬁlsbé{d@ EXERANGE SLHANARI AR e a) by
turbidity of the splution 80541PCT/EP20 8/067 93 2 Preparatlono yophilised

formulatloﬂgpe§8lBﬂbﬁ%i‘é?ﬁﬁﬁgﬁéﬁﬁeﬁ> et SSr8p P 3p§ HeLLRBaasbve for liquid
formulationgesesrbaridertneyd L trekireteniZieiy 30 W@Eﬁ%@lﬁ%r&rﬁaﬁg yidaligerieEd20> in 20mMm

histidie bfiffetiat pkt dppiade. 643, ccamslinicgtais olgrsand &g factant sAdetinme utatid nieavere bfsterile
filtered thrgigh 90 Poti HiRESIANG RRRRUCRIM, Al g 0&%91 i sierile glessivialeohhe-viakinugle partly
closed with ru S sunal:tj)l for the use.in C#/ Filzatlon pr 8C935CF5 anltransferred to the
drying cha%‘ﬁg‘rn&‘f g%?gb‘ﬂﬁ& y‘1y FimR O At SHEBSOWI Y THe BT SHIEH Yo be within
the scope @‘Pﬂh@ﬁr@@émﬁiﬁmwlé%mb L& 8 phif8atibn process used for this study included the
cooling of the formulation from room temperature to approx 5C 10 (pre-cooling) followed by a freezing
at -40C (Fréereiian acbrasitiy raséeokdbosts 1€/painltstBO/phihempeuiisgdrppryisiep eanttalkeiplace at
a rampingdateb 0P8 §0/E&5Gk pibriammr 4QGest 30fapattltHemhlthaind0 GpidicatideasCbholy's at a
C e MG AL gg% 115,10 RO, Secand driod Siemap ak9PIAGa A ramping rate of

0.1 to 0.3C /ruin from -3 i for at least 5_hours at.a chamher pressure of about

50 to 80 nPRSIFRRETZAHBIK apger?&em ﬁ%?ﬁa%ame%%ﬁsf&ﬁnﬁwgﬁé ¥¥SHnulations
which werélairedtosingngieithescrivbplipo pitisacidreiyroedases petiesifousek istbyiicesmiéniently quick
reconstituRatimesrohabeedbs shéatiomAdilybphilisaceake s tnidhis stddy fadeapesiduatayater

contegs ofiap 859&‘%&%%%&% W andeiprmings Dt anisehenme i ¥ gg g@ﬁd)ﬁoc@ﬁymg vials were

store erent temperat r. different mterva of time. The mulations were
reconstltuﬁeﬁwsfh@?ggﬁg & Slﬂfﬂ%%ﬁlﬁétte‘?’ § eﬁ%ﬁl&h“&kf@ép&iﬁ@ﬁf‘ﬁﬁ sis by UV
spectrophegtometayion) msrenmifetorebf e ceosisknitisnairniendy gerdjsitbyiablzebmbiusion
Chromatographitite ion4)-bylles enahangechibtraiagraghyldiit)s b) detgebioatiervahsityisible arid
Z‘iﬁ?éiﬁé‘é%%lﬁ%%%?%%‘”%r%“%?é%?‘ﬁpm“ﬁ*ﬁ@hﬁ%é%@‘%ﬁiwﬁimf‘w%%*@@gﬁs‘éﬁ; weight
hydrotysis 98 |‘rlf“‘f BPI??&F:LE ‘sf %%%Yegfﬁ%“at nﬁysﬂ%%gégl) ?@@ ?ﬂiﬁégn ped with a
UV detectorydensztdl- Wéme@qgmﬁmmﬁm}tancﬂranz@ﬁ@ageelrazeeaébmse @%&%@ﬂnﬁ?ﬁm lent); the
method usedi20Qmvt sostiuimphospiateqiH (695 as mobile phase.



lon Exchange Chromatography (IEC) was performed to detect chemical degradation products 30
altering the net charge of HuMab<CD20> in the formulations. The method used a suitable HPLC
instrument equi fed with a UV detector (detection wavelength 220 and 280nm) and a Dionex ProPac
WCX-10 col f’i’r‘ﬁ?ﬂ’x 250mm). 10mM sodium phosphate buffer pH 6. B EZ6°584 T0mM sodium
phosphate buffer pH 6.0 + 0.75M NaC1 were used pg mobile phases A and B, respectively, with a flow
rate of 1. OmL/min WO 2009/080541PCT/EP2008/067293 -30- Th e UV spectroscopy for

determln n of thgl rotein, con entration was erfqrmed onda })/Sziltriloalps% gloVL‘é\ﬁ/Iﬁpectro({j%{lptometer

S cOntam rat ‘d 'es a4t CONSCIve
at 280 nm oF the detefminadi on Ot Furrtl)& opaescence as meas r(1tur| ity units)

using a HAGI1O0ARMD ﬂ%ﬁéﬁ@?ﬁ%%&ﬁﬁt@ﬁ%ﬁéﬁw@f N-tinksg) @é‘:w%}féréwam%% whistisible
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antibodies exist as multiple glycoforms. Likewise, it has been shown that major differences in
10 antibody glycosylation occur between cell lines, and even minor differences are seen for a given
cell line grown under different culture conditions. (Lifely, M. R. et al,, Glycobiology 5(8):813-22
(1995)).

One way to obtain large increases in potency, while maintaining a simple production process and
potentié]l.y avoiding significant, undesirable side effects, is to enhance the natural, cell-mediated

15 effector functions of monoclonal antibodies by engineering their oligosaccharide component as
described in Umana, P. et al., Nature Biotechnol. 17:176-180 (1999) and U.S. Pat. No. 6,602,684.
IgG1 type antibodies, the most commonly used antibodies in cancer immunotherapy, are
glycoproteins that have a conserved N-linked glycosylation site at Asn297 in each CH2 domain.
The two complex biantennary oligosaccharides attached to Asn297 are buried between the CH2

20 domains, forming extensive contacts with the polypeptide backbone, and their presence is
essential for the antibody to mediate effector functions such as antibody dependent cellular
cytotoxicity (ADCC) (Lifely, M. R., et al., Glycobiology 5: 813-822 (1995); Jefferis, R,, et al.,
Immunol. Rev, 163: 59-76 (1998); Wright, A. and Morrison, S. L., Trends Biotechnol. 15: 26-32
(1997)).

25 It was previously shown that overexpression in Chinese hamster ovary (CHO) cells of 3(1,4)-N-
acetylglucosaminyltransferase [11 ("GnTI17y), a glycosyltransferase catalyzing the formation of
bisected oligosaccharides, significantly increases the in vitro ADCC activity of an
antineuroblastoma chimeric monoclonal antibody (chCE7) produced by the engineered CHO
cells. (See Umana, P. et al., Nature Biotechnol. 17: 176-180 (1999); and WO 99/154342, the entire

30 contents of which are hereby incorporated by reference). The antibody chCE7 belongs to a large
class of unconjugated monoclonal antibodies which have high tumor affinity and specificity, but
have too little potency to be clinically useful when produced in standard industrial cell lines
lacking the GnTIII enzyme (Umana, P., et al., Nature Biotechnol. 17: 176-180 (1999)). That
study was the first to show that large increases of ADCC activity could be obtained by

35 engineering the antibody producing cells to express GnTILI, which also led to an increase in the
proportion of constant region (Fc)-associated, bisected oligosaccharides, including bisected, non-
fucosylated oligosaccharides, above the levels found in naturally-occurring antibodies
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The term "expression of the CD20” antigen is intended to indicate an significant level of
expression of the CD20 antigen in a cell, preferably on the cell surface of a T- or B- Cell, more
preferably a B-cell, from a tumor or cancer, respectively, preferably a non-solid tumor. Patients
having a “CD20 expressing cancer” can be determined by standard assays known in the art.
“Expression of the CD20” antigen is also preferable intended to indicate an significant level of
expression of the CD20 antigen in a cell, preferably on the cell surface of a T- or B- Cell, more
preferably a B-cell, in an autoimmune disease. E.g. CD20 antigen expression is measured using
immunohistochemical (IHC) detection, FACS or via PCR-based detection of the corresponding
mRNA .

The term “CD20 expressing cancer” as used herein refers preferably to lymphomas (preferably B-
Cell Non-Hodgkin’s lymphomas (NHL}) and lymphocytic leukemias. Such lymphomas and
lymphocytic leukemias include e.g. a) follicular lymphomas, b) Small Non-Cleaved Cell
Lymphomas/ Burkitt's lymphoma (including endemic Burkitt's lymphoina, sporadic Burkitt's
lymphoma and Non-Burkitt's lymphoma) ¢) marginal zone lymphoimas (including extranodal
marginal zone B cell lymphoma (Mucosa-associated lymphatic tissue lymphomas, MALT), nodal
marginal zone B cell lymphoma and splenic marginal zone lymphoma), d) Mantle cell lymphoma
(MCL), €) Large Cell Lymphoma {including B-cell diffuse large cell lymphoma (DLCL), Diffuse
Mixed Cell Lymphoma, Immunoblastic Lymphoma, Primary Mediastinal B-Cell Lymphoma,
Angiocentric Lymphoma-Pulmonary B-Cell Lymphoma) f) hairy cell leukemia, g ) lymphocytic
lymphoma, waldenstrom’s macroglobulinemia, h) acute lymphocytic leukemia (ALL), chronic
lymphocytic leukemia (CLL)/ small lymphocytic lymphoma (SLL), B-cell prolymphocytic
leukemia, 1) plasma cell neoplasms, plasma cell myeloma, multiple myeloma, plasmacytoma j)
Hodgkin’s disease.

Preferably the CD20 expressing cancer is a B-Cell Non-Hodgkin’s lymphomas (NHL). Especially
the CD20 expressing cancer a Mantle cell lymphoma (MCL), acute lymphocytic leukemia (ALL),
chronic lymphocytic leukemia (CLL), B-cell diffuse large cell lymphoma (DLCL), Burkitt's
lymphoma, hairy cell leukemia, follicular lymphoma, multiple myeloma, marginal zone
lymphoma, post transplant lymphoproliferative disorder (PTLD), HIV associated lymphoma,
waldenstrom’s macroglobulinemia, or primary CNS lymphoma.

As used herein, “autoimmune disease” relates to a disease or disorder arising from and directed
against an individual's own tissues. Examples of autoimmune diseases or disorders include, but
are not limited to arthritis (rheumatoid arthritis, juvenile rheumatoid arthritis, osteoarthritis,
psoriatic arthritis), psoriasis, dermatitis, polymyositis/dermatomyositis, toxic epidermal
necrolysis, systemic scleroderma and sclerosis, responses associated with 1 5 inflammatory bowel
disease, Crohn's disease, ulcerative colitis, respiratory distress syndrome, adult respiratory
distress syndrome (ARDS), meningitis, encephalitis, uveitis, colitis, glomerulonephritis, allergic



315.097.81.85.8 No Pass Pass 6 14.6 97.31.9 6.1 Yes Fail Pass 40C 1 14.8 97.6 1.6 5.8 No Pass

Pass 315.196.11.96.2 Yes Pass Pass WO 2009/080541PCT/EP2008/067293 -31- -20C 14.8 98.4

1.6 6.3 n/d Fail Pass :
WO 2609/080541 PCT/EP2608/067293

13-

conditions, eczema, asthma, conditions involving infiltration of T cells and chronic inflammatory
responses, atherosclerosis, autoimmune myocarditis, leukocyte adhesion deficiency, systemic
lupus erythematosus {SLE), juvenile onset diabetes, multiple sclerosis, allergic encephalomyelitis,
immune responses associated with acute and delayed hypersensitivity mediated by cytokines and
5 T-lymphocytes, tuberculosis, sarcoidosis, granulomatosis incliding Wegener's granulomatosis,

agranulocytosis, vasculitis {including ANCA), aplastic anemia, Diamond Blackfan anemia,
immune hemolytic anemia including autoimmune hemolytic anemia (AIHA), pernicious
anemia, pure red cell aplasia (PRCA), Factor VIII deficiency, hemophilia A, autoimmune
neutropenia, pancytopenia, leukopenia, diseases involving leukocyte diapedesis, central nervous

10 system (CNS) inflammatory disorders, multiple organ injury syndrome, mysathenia gravis,
antigen-antibody complex mediated diseases, anti-glomerutar basement membrane disease, anti-
phospholipid antibody syndrome, allergic neuritis, Bechet disease, Castlenan's syndrome,
Goodpasture's syndrome, Lambert-Eaton Myasthenic Syndrome, Reynaud's syndrome, Sjorgen’s
syndrome, Stevens Johnson syndromie, pemphigoid bullous, pemphigus, autoimmune

15 polyendocrinopathies, s nephropathy, IgM polyneuropathies or [gM mediated neuropathy,
idiopathic thrombocytopenic purpura (ITP), thrombotic throbocytopenic purpura (TTP),
autoimmune thrombocytopenia, autoimmune disease of the testis and ovary including
autoimune orchitis and oophoritis, primary hypothyroidism; autoimmune endocrine diseases
including autoimmune thyroiditis, chronic thyroiditis (Hashimoto's Thyroiditis), subacute

20  thyroiditis, idiopathic hypothyroidism, Addison's disease, Grave's disease, autoimmune
polyglandular syndromes {or polyglandular I endocrinopathy syndromes), Type I diabetes also
referred to as insulin-dependent diabetes i mellitus (IDDM) and Sheehan's syndrome;
autoimmune hepatitis, lymphoid interstitial pneumonitis (HIV), bronchiolitis obliterans {non-
transplant) vs NSIP, Guillain-Barre’ syndrome, large vessel vasculitis {including polymyalgia

25 rheumatica and giant cell (Takayasu's) arteritis), medium vessel vasculitis (including Kawasaki's
disease and polyarteritis nodosa), ankylosing spondylitis, Berger's disease (IgA nephropathy),
rapidly progressive glomerulonephritis, primary biliary cirrhosis, Celiac sprue (giuten
enteropathy), cryoglobulinemia, amyotrophic lateral sclerosis (ALS), coronary artery disease etc.

Therapeutic formulations of the antibodies used in accordance with the present invention are
30 prepared for storage by mixing an antibody having the desired degree of purity with optional
pharmaceutically acceptable carriers, excipients or stabilizers (Remington's Pharmaceutical
Sciences 16th edition, Osol, A. Ed. (1980)), in the form of lyophilized formulations or aqueous
solutions. Acceptable carriers, excipients, or stabilizers are nontoxic to recipients at the dosages

and concentrations employed.

35 The term “surfactant” as used herein denotes a pharmaceutically acceptable surface-active
agent. In the formulation of the invention, the amount of surfactant is described a percentage

expressed in weight/volume. The most commonly used weight/volume unit is mg/mL. Suitable
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pharmaceutically acceptable surfactants comprise but are not limited to non-ionic surfactants
such as TWEEN™, PLURONICS™ or polyethylene glycol (PEG). Furthermore, comprised but
not limited to are polyethylen-sorbitan-fatty acid esters, polyethylene-polypropylene glycols,
polyoxyethylene-stearates and sodium dodecyl sulphates, Preferred polyethylen-sorbitan-are
5 polyethylen(20)-sorbitan-esters (synonym to polysorbate 20, sold under the trademark Tween

20™) and polyoxyethylen{20)sorbitanmonooleat (synonym to polysorbate 80 sold under the
trademark Tween 80™). Preferred polyethylene-polypropylene glycols are those sold under the
names Pluronic® ¥68 or Poloxamer 188™. Most preferred is Poloxamer 188™. Preferred
polyoxyethylene-stearates are those sold under the trademark Myrj™. Preferred Polyoxyethylene

10 monolauryl ether are those sold under the trademark Brij™. When polyethylen-sorbitan-
polyethylen(20)-sorbitan-esters (Tween 20™) and polyoxyethylen{20)sorbitanmonooleat
(Tween 80™) are used they are generally used in an amount of about 0.001 to about 1%,
preferably of about 0.005 to about 0.1% and still preferably about 0.01% to about 0.04%w/v.

The term “buffer” as used herein denotes a pharmaceutically acceptable buffer, Suitable
15 pharmaceutically acceptable buffer comprise but are not limited to histidine-buffers, citrate-
buffers, succinate-buffers, acetate-buffers and phosphate-buffers. Preferred buffers comprise L-
histidine or mixtures of L-histidine with L-histidine hydrochloride with isotonicity agents and
potentially pH adjustment with an acid or a base known in the art. Most preferred is L-histidine,
The abovementioned histidine-buffers are generally used in an amount of about 1mM to about
20 100 mM, preferably of about 5 mM to about 50 mM and still more preferably of about 20 mM.
Independently from the buffer used, the pH will be adjusted at a value comprising about 4.5 to
about 7.0 and preferably about 5.5 to about 6.5 and still preferably about 6.0 by adjustment with
an acid or base known in the art or by using adequate mixtures of buffer components or both.

The term “isotonicity agents” as used herein denotes pharmaceutically acceptable isotonicity

25 agents. Isotonicity agents are used to provide an isotonic formulation. An isotonic formulation is
liquid or liquid reconstituted from a solid form, e.g. a lyophilized form and denotes a solution
having the same tonicity as some other solution with which it is compared, such as physiologic
salt solution and the biood serum. Suitable isotonicity agents comprise but are not limited to
salts, including but not limited to sodium chloride(NaCl} or potassium chloride, sugars

30 including but not limited to glucose, sucrose, trehalose or glycerine and any component from the
group of amino acids, sugars, salts and combinations thereof. Isotonicity agents are generally
used in a total amount of about 5 mM to about 350 mM. '

The term “liquid” as used herein in connection with the formulation according to the
invention denotes a formulation which is liquid at a temperature of at least about 2 to about 8 °C.
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The term “lyophilized” as used herein in connection with the formulation according to the
invention denotes a formulation which is dried by freezing the formulation and subsequently
subliming the ice from the frozen content by any freeze-drying methods known in the art, for

example commercially available freeze-drying devices.

5 The term “salts” as used herein denotes a salt in an amount of about 1 mM to about 500
mM. Non-limiting examples of salts include salts of any combinations of the cations sodium
potassium, calcium or magnesium with anions chloride, phosphate, citrate, succinate, sulphate or

mixtures thereof.

The term “amino acid” as used herein denotes an amino acid in an amount of about 1 to
10 about 100 mg/mL comprising but not limited to arginine, glycine, ornithine, glutamine,
asparagine, lysine, histidine, glutamic acid, asparagic acid, isoleucine, leucine, alanine,
phenylalanine, tyrosine, tryptophane, methionine, serine, proline.

The term “sugar” as used herein denotes a pharmaceutically acceptable sugar used in an
amount of about 25 mM to about 500 mM. Preferred is 100 to 300 mM. More preferred is 220 to
15 260 mM. Most preferred is 240 mM. Suitable sugars comprise but are not limited to
monosaccharides and disaccharides. Non-limiting examples of sugars according to the invention
include trehalose, sucrose, mannitol, sorbitol, lactose, glucose, mannose, maltose, galactose,
fructose, sorbose, raffinose, glucosamine, N-Methylgtucosamine (so-called “Meglumine”),

galactosamine and neuraminic acid and combinations thereof. Most preferred is trehalose.

20 The term “stabilizer” refers to pharmaceutically acceptable stabilizers, like for example but
not limited to amino acids and sugars as described in the above sections as well as commercially

available dextrans of any kind and molecular weight as known in the art.

The term “antioxidant” denotes a pharmaceutically acceptable antioxidant. This may
include excipients such as methionine, benzylalcohol or any other excipient used to minimize

25  oxidation.

The term "a method of treating” or its equivalent, when applied to, for example, cancer refers to a
procedure or course of action that is designed to reduce or eliminate the number of cancer cells
in a patient, or to alleviate the symptoms of a cancer. "A method of treating” cancer or another
proliferative disorder does not necessarily mean that the cancer cells or other disorder will, in

30 fact, be eliminated, that the number of cells or disorder will, in fact, be reduced, or that the
symptoms of a cancer or other disorder will, in fact, be alleviated. Often, a method of treating
cancer will be performed even with a low likelihood of success, but which, given the medical
history and estimated survival expectancy of a patient, is nevertheless deemed to induce an
overall beneficial course of action.
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In one aspect, the invention relates to an anti-CD20 antibody formulation comprising:
about 1 to about 150 mg/ml anti-CD20 antibody,

1

about 0,001 to about 1% of at least one surfactant, and
about 1 to about 100 mM of a buffer,
at a pH of about 4.5 to about 7.0.

In a more preferred embodiment the formulation according to the invention comprises:

- about 1 to about 150 mg/mL anti-CD20 antibody,

- about 0.005 to about 0.05 % of at least one surfactant, and
- about 1 to about 100 mM of a buffer,

- atapH of about 4.5 to about 7.0.

In a preferred embodiment, the formulation according to the invention comprises:
- about 10 to about 30 mg/mL of a type IT anti-CD20 antibody,
- 20 mM L-histidine, '
- 240 mM trehalose, and
- 0.02% polysorbate 20 w/v,
- at a pH of about 6.

In vet another preferred embodiment, the formulation according to the invention comprises:
- about 10 to about 30 mg/mL of a type I anti-CD20 antibody,

- 0.02% Poloxamer188™" wrv,

- 20 mM L-histidine, and

- 240mM trehalose,

- at a pH of about 6.

Preferably, the anti-CD20 antibody is a type I antibody. More preferably, the anti-CD20 antibody
is a type II antibody. Even more preferable, the anti-CD20 antibody is a “humanized B-Lyl
antibody” as disclosed in detail in WO2005/ 044859. Most preferably, the antibody is
HuMab<CD20>. The formulation comprises | to about 150 mg/ml of said antibody, more
preferable about 5 to about 100 mg/ml of said antibody, even more preferable about 10 to about
30 mg/ml of said antibody, or selected from the group of about 5, 10, 15, 20, 25 or 30 mg/ml of
said antibody, and most preferably 25 mg/ml of said antibody.

The formulation according to the invention can be in aliquid form, in a lyophilized form
or in a liquid form reconstituted from a lyophilized form.

In one embodiment the formulation according to the invention is a lyophilized

formulation. The lyophilized formulation according to the invention has the advantage of an
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(mg/mL) jmproved stability with regard to the formation of particulates and aggregates of higher
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concentration of the described anti-CD20 antibody.

The formulation according to the invention can be administered by intravenous (L.v.),
5 subcutaneous (s.c.) or any other parental administration means such as those known in the
pharmaceutical art.

Furthermore, a formulation according to the invention may comprise preservatives (such
as octadecyldimethylbenzyl ammonium chioride; hexamethonium chloride; benzalkonium
chloride, benzethonium chloride; phenol, butyl or benzy! alcohol; alkyl parabens such as methyl

10 or propyl paraben; catechol; resorcinol; cyclohexanol; 3-pentanol; and m-cresol); low molecular
weight (less than about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or
immunoglobulins; chelating agents such as EDTA; salt-forming counter-ions such as sodiuny;
metal complexes {e.g. Zn-protein complexes).

The active ingredients may also be entrapped in microcapsules prepared, for example, by
15  coacervation techniques or by interracial polymerization, for exampie, hydroxymethylcellulose or
gelatin-microcapsules and poly- (methylmethacylate) microcapsules, respectively, in colloidal
drug delivery systems (for example, liposomes, albumin microspheres, microemulsions, nano-
particles and nanocapsules) or in macroemulsions. Such techniques are disclosed in Remington's
Pharmaceutical Sciences 16th edition, Osol, A. Ed. (1980).

20 Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations include semipermeable matrices of solid hydrophobic polymers containing the
antibody, which matrices are in the form of shaped articles, e.g. films, or microcapsules.
Examples of sustained-release matrices include polyesters, hydrogels (for example, poly(2-
hydroxyethyl-methacrylate), or poly{vinylalcohol}), polylactides (US 3,773,919), copolymers of

25  L-glutamic acid and gamma-ethyl-L-glutamate, non-degradable ethylene-vinyl acetate,
degradable lactic acid-glycolic acid copolymers such as the LUPRON DEPOT™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide acetate), and poly-
D-(-)-3-hydroxybutyric acid.

The formulations to be used for in vivo administration must be sterile. This is readily
30  accomplished by filtration through sterile filtration membranes.

Preferably, the formulation of the invention comprises one or more isotonicity agents in an
amount of about 5 mM to about 350 mM as defined hereinabove.
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Preferably, the formulation of the invention comprises a sugar in an amount of about 25

mM to about 500 mM as defined hereinabove.

Preferably also, the formulation of the invention further comprises one or more of the
following ingredients: antioxidants, ascorbic acid, Glutathion, preservatives, e.g., m-cresol,
phenol, benzylalcohol, methylparaben, propylparaben, chlorbutanol, thiomersal,
benzalkoniumchloride, polyethylenglvcole, e.g. PEG 3000, 3350, 4000, 6000, albumine, human
serum albumin (HSA), bovines serum albumin (BSA), polyhydric alcohol, glycerol, ethanol,
mannitol, salts, acetate salts {e.g. sodium acetate), magnesiumchloride, calciumchloride,
tromethamine, EDTA, {e.g. Na-EDTA).

Preferably also, the formulation of the invention further comprises one or more stabilizers
as defined hereinabove and ingredients also known in the art as “lyoprotectants” such as sugars,

sugar alcohols, amino acids and dextrans as known in the art.

In a certain embodiment, the formulation of the invention comprises the following

' formulations, either in the liquid, lyophilized or liquid reconstituted from lyophilized forms:

15mg/mL of a type [ anti CD20 antibody, preferably a humanized B-Lyl antibody, most
preferably HuMab<CD20>,

0.01% polysorbate 20 w/v,

20 mM L-histidine, and

140 mM sodium chloride,

atpH 6.0;

or

10mg/mL of a type Il anti CD20 antibody, preferably a humanized B-Ly1 antibody, most
preferably HuMab<CD20>,

0.01% polysorbate 20 w/v,

20 mM L-histidine, and

140 mM sodium chloride,

at pH 6.0;

or

15mg/mL of a type 11 anti CD26 antibody, preferably a humanized B-Ly1 antibody, most
preferably HuMab<CD20>,

Optionally 0.001 to 1% w/v of a surfactant,

20 mM L-histidine,

at pH 6.0;
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or

10mg/mL of a type Il anti CD20 antibody, preferably a humanized B-Ly1 antibody, most
preferably HuMab<CD20>,

0.02% polysorbate 20 w/v,

20 mM L-histidine, and

240 mM trehalose,

at pH 6.0;

or
25mg/mL of a type IT anti CD20 antibody, preferably a humanized B-Ly1 antibody, most
preferably HuMab<CD20>,
0.02% polysorbate 20 w/v,
20 mM L-histidine, and
240 mM trehalose,
at pH 6.0;
or
25mg/mL of a type II anti CD20 antibody, preferably a humanized B-Lyl antibody, most
preferably HuMab<CD20>,
0.02% Poloxamer188™ wiv,
20 mM L-histidine, and
240mM trehalose,
at pH 6.0;

or

25mg/mL of a type [T anti CD20 antibody, preferably a humanized B-Ly1 antibody, most
preferably HuMab<CD20>,

0.01% Poloxamer188™™ wiv,

20 mM L-histidine, and

240mM trehalose,

at pH 6.0;

or

25mg/mL of a type Il anti CD20 antibody, preferably a humanized B-Ly1 antibody, most
preferably HuMab<CD20>,
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were prepared: 25mg/mL HuMab<CD20>, 0.02% Pgloxameri88TM w/v, 15 20 mM L-histidine, and
240mM trehalose, at pH 6.0; Or 25mg/mL HuMab<CD20>, 0.01% Poloxamerl188Tm w/v, 5 20 mM
L-histidine), o245 trefitlase, at pH 6.0; Or

20 mM L-histidine, and
240mM trehalose,
at pH 6.0;

or

25mg/mL of a type I anti CD20 antibody, preferably a humanized B-Lyl antibody, most
preferably HuMab<CD20>,
0.02% Polysorbate 80 w/v,
10 20 mM L-histidine, and
240mM trehalose,
at pH 6.0;

or

25mg/mL of a type IT anti CD20 antibody, preferably a humanized B-Ly1 antibody, most
15 preferably HuMab<CD20>,
0.1% Polysorbate 80 w/v,
20 mM Acetate, and
240mM trehalose,
at pH 5.5;

20 or

25mg/mL of a type 11 anti CD20 antibody, preferably a humanized B-Lyl antibody, most
preferably HuMab<CD20>,
0.19 Polysorbate 80 w/v,
20 mM Acetate, and
25  140mM Sodium chloride,
at pH 5.5;

or

30mg/mL of a type IT anti CD20 antibody, preferably a humanized B-Lyl antibody, most
30 preferably HuMab<CD20>,
0.01% Poloxamer188™ wiv,

20 mM L-histidine, and
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240mM trehalose, atglj 6.0; or 25mg/mL FluMab<CD20>, 25 0.1% Polysog_l%ﬁ%eﬁ‘g/xr%\éggo mM
Acetate, and"2A8Mve ?%‘Halose, at pH 5.5; Or 30 25mg/mL HuMab<CD20g, .1% Polysorbate 80 wlv,
20 mM Acetate, and WO 2009/080541PCT/EP2008/067293 -34- 140mM Sodium chloride, at pH 5.5;
Or 5 30mg/mL HuMab<CD20>, 0.01% Poloxamer188TM WAT, 20 mM L-histidine, and 200mM
trehalose p30atpHeBhsdejquid and lyophilised drug product formulations for parenteral administration
were prepareq as go_%l_ows: Preparation of liquid formulations. Formulations of HuMab<CO20> were
prepared by ﬁo}?nog'e’nization of solutions of 15 HuMab<CD20> in the production buffer (e.g. 20 mM

histidine buffer at pH approx. 6.0, containi 40mM trehalose and Q.02% (w/v) Polpxamer188Tm).
Formulations OW‘%’E‘HQ@OS %QWIH@%%%%F ?Eanb%f‘fﬂgﬁffﬁatt?ngl il ll%lr(fsfzo 155%?8)‘(“. 46540 mg/ml
HuMab<Gbiaeshiepthitzpddduotion besfieriges gfta0rmmdtistitinevishifee appypPaippaxo8I0) By tétigential
flow filgratign (EER) 0 increase the protein concentration above target protein 20 concentration and to
exchange buffer. Formulations of HuMab<CD20> can also be prepared by adjusting the protein
concentration t ire ] ' (Lt ithy buffer. ipien ilizing the protein
and for toé%ﬂ?@ﬁ?ﬁrﬁ%ﬁ%gﬁ%@ﬁg@rg %@%?/%%b\?grm or ﬁ%ﬁaﬁ%eﬁlyéggg%%ﬂﬁfactam was
added to Pr&srRhUIRNNHE 8S4%8fbck solution as required. All formulations were sterile filtered through
0.22 pm fiftersaplyasepticziiyaljquoted into sterile 25 glass vials and closed with rubber stoppers and
alucrimp %oé%?\;f E_qﬁ%if g}%ions were stored at different temperatures for different intervals of time
and removed for analysis at the timepoints indicated in the individual paragraphs. Formulations were
analy#ed BBy pisiophotometry, 2) by Size Exclusion Chromatography (SEC), 3) for visible and
subvisibleapattiieles, 4) by lon exchange chromatography (IEC) and 5) by turbidity of the solution. 30
Preparation of lyophilised formulations. WO 2009/080541PCT/EP2008/067293 -35- vials were partly

closed with rubber stoppers suitable for the use in lyophilization processes a?isde transferred to the
drying charRBdP BRSBTS a8 BB RINEA e d KnoWRGAThE Hie %‘f’éﬁ&*&h’f‘%e within
the scope-efiinegindantibmsiEdreedponplesutieab/gahilisttio npl cbesscalsad formthisishudy included the
cooling of ghe farmulation from room temperature to approx 5C 5 (pre-cooling) followed by a freezing
at -40C (Freeze 1) at a ramping rate of about IC/min to 5C/min. The first drying step can take place at
a ramping rate of 0.3 to 0.5C / mm from -40C to -30C and then hold at -30C for at least 50 hours at a
chamber pressure of approx. 75 to 80 mTorr. A second drying step can take place at a ramping rate of
0.1 to 0.3dWamisfond csdedinzsohie fomwurBECserdingse e AviReianabh arBRIRBrEdS the of about
50 to 80 miharA (el 0 applied drying schedule is provided in Table 1). HuMab<CD20> formulations
which were dried using the described lyophilisation processes were found to have a residual water

content of approximately,0 4 iadd%rsdetayminas: bKaruRisshea meihogkbeapkilised vials were

stored at different temperatures for different intervals of dine. The lyophilised formulations were
recon%?ituﬁ%raf%ﬁ‘r"lﬁméu&gkﬁgé?@ Yolume of water for injection (WFI) prior to 1) analysis by UV 15
spectrophﬁt@’lﬁieﬂglpzalaﬂaﬁfsﬁ“s’[ b/ Size Exclusion Chromatography (SEC) 3) by lon exchange
chromatogi@phy {IRéshdhedstgrmination of subvisible and visible particles and 5) by turbidity of the
solution. Size exclusion chromatography (SEC) was performed to detect soluble high molecular weight
species (aﬁﬁé)r’@%fé '%%8’ low molecular weight hydrolysis products in the formulations. The 20 method
used a suitéblé HPRLC instrument equipped with a UV detector (detection wavelength 280 nm) and
either a Zorbax GF-250 column ( 9.4 x 250 mm, Agilent) or a TSKgel G3000 SWXL (7.8x300mm); the
methog usgd Aler 200msedhimanasRIAIERH [.0rr @pOrMRatasEiELchioAdRn20GmM
potassium héjsp ate |o_f-T|l 7.0 as mobile phase. lon Exchange Chromatograph Ci) was erformed to
detect chefiEr JeyFRHAHMNIoNGRE %1'%}féﬁﬁ§r’tﬂ%fi:f€’ﬁéﬁa?8é"’ﬁ’ﬁ-’iﬂ%ﬁ‘&% S Rhe $8Pr%ulations.
The methdslussed farsoitekénkl leGunstromentretaipbed-vithaieny detewtios (HemogarsigaEtength 220
and 280nmg),and d RienexpRienamnMesrd theaumibh 4arepoa&)nes)iddm Mssatiivallphosphate buffer
PH 6.01n HEQ AN A0mMisod I phashlals Bulek el G0 daMAatvasastapypaRie phases A

and B, resp chye y, with a Hlow rate of 1,0mL/mi .
30 duration of survival, progression free survival, response rate or duration of response. In a

preferred embodiment, the formulation is useful for increasing the response rate in a group of

patients.



30 The UV spectroscopy for determination of the protein concentration was performed on a Varian
Cary Bio or a Perkin Elmer UV spectrophotometer at 280 nm. WO 2009/080541PCT/EP2008/067293
-36- Samples were analyzed for subvisible particles by using a HIAC Royca Pharmas;?ec (HRLD-150),
and for visibl‘éigé?ﬂ%[f@g“ §/ using a Seidenader V90-T visual inspection indtUeAt S A6ré 1
Freeze-drying Cycle Step Shelf temperaturel (C) Ramp Rate (C/min) Hold time (mm) Vacuum Set
point (mTorr) Pre-cooling 5C 0.0 60 Freeze | -40C 1.0 120 - Prim Drying -30C 0.5 3720 80 i Sec

Drying +25C.0.2 30080 1, Stability data of liquid HuMab<CD20> dr roduct formulations
Pormulatioh BB L TS R S RSOk AL DU e

PoloxameHSEHT FrPeOIndidhagenbanee Seorerds phivc msmBLyprbtaiediyrehistteMeiho- mer (%)

SEC the anti-CD20 antibody formulation according to the invention.

Such agents include, for example: alkylating agents or agents with an alkylating action, such as

5 cydophosphamide {CTX; e.g. cytoxan®), chlorambucil (CHL; e.g. leukeran®), cisplatin (CisP;
e.g. platinol®) busulfan (e.g. myleran®), melphalan, carmustine (BCNU), streptozotocin,
triethylenemelamine (TEM), mitomycin C, and the like; anti-metabolites, such as methotrexate
(MTX), etoposide (VP16; e.g. vepesid®), 6-mercaptopurine (6MP), 6-thiocguanine (6TG),
cytarabine (Ara-C), 5-fluorouracil {5-FU), capecitabine (e.g. Xeloda®), dacarbazine (DTIC), and

10 the like; antibiotics, such as actinomycin D, doxorubicin (DXR; e.g. adriamycin®), daunorubicin
(daunomycin}, bleomycin, mithramycin and the like; alkaloids, such as vinca alkaloids such as
vincristine (VCR), vinblastine, and the like; and other antitumor agents, such as paclitaxel (e.g.
taxol®) and paclitaxel derivatives, the cytostatic agents, glucocorticoids such as dexamethasone
(DEX; e.g. decadron®) and corticosteroids such as prednisone, nucleoside enzyme inhibitors

15 such as hydroxyurea, amino acid depleting enzymes such as asparaginase, leacovorin and other
folic acid derivatives, and similar, diverse antitumor agents. The following agents may also be
used as additional agents: arnifostine (e.g. ethyol®), dactinomycin, mechlorethamine (nitrogen
mustard), streptozocin, cyclophosphamide, lomustine (CCNU), doxorubicin lipo (e.g. doxil®),
gemcitabine (e.g. gemzar®), daunorubicin lipo (e.g. daunoxome®), procarbazine, mitomycin,

20 docetaxel (e.g. taxotere®), aldesteukin, carboplatin, oxaliplatin, cladribine, camptothecin, CPT 11
{irinotecan), 10-hydroxy 7-ethyl-camptothecin (SN38), floxuridine, fludarabine, ifosfamide,
idarubicin, mesna, interferon beta, interferon alpha, mitoxantrone, topotecan, leuprolide,
megestrol, melphalan, mercaptopurine, plicamycin, mifotane, pegaspargase, pentostatin,
pipobroman, plicamycin, tamoxifen, teniposide, testolactone, thioguanine, thiotepa, uracil

25 mustard, vinorelbine, chlorambucil. Preferably the anti-CD20 antibody combination treatment 1s
used without such additional agents.

The use of the cytotoxic and anticancer agents described above as well as antiproliferative target-
specific anticancer drug like protein kinase inhibitors in chemotherapeutic regimens is generally
well characterized in the cancer therapy arts, and their use herein falls under the same

30 considerations for monitoring tolerance and effectiveness and for controlling administration
routes and dosages, with some adjustments. For example, the actual dosages of the cytotoxic
agents may vary depending upon the patient's cultured cell response determined by using
histoculture methods. Generally, the dosage will be reduced compared to the amount used in the
absence of additional other agents.

35 Typical dosages of an effective cytotoxic agent can be in the ranges recommended by the
manufacturer, and where indicated by in vitro responses or responses in animal models, can be



HMW (%) Turbi -dity IEC Main peak (%) Visible particles Sub- visible particles Initial 25.7 98.7 1.3 6.4
61.6 Pass Pass 2-8C 1 25.6 98.7 1.3 6.0 62.0 Pass Pass 26.1 98.61.315.9 61.0 Pass Pass 25C 1

25.798.51.46.562.0 Pass Pass 3
WO 2609/080541 PCT/EP2008/067293

23

reduced by up to about one order of magnitude concentration or amount. Thus, the actual
dosage will depend upon the judgment of the physician, the condition of the patient, and the
effectiveness of the therapeutic method based on the in vitro responsiveness of the primary
cultured malignant cells or histocultured tissue sample, or the responses observed in the

5 appropriate animal models.

In the context of this invention, an effective amount of ionizing radiation may be carried out
and/or a radiopharmaceutical may be used in addition to the anti-CD20 antibody formulation
according to the invention. The source of radiation can be either external or internal to the
patient being treated. When the source is external to the patient, the therapy is known as external

10 beam radiation therapy (EBRT). When the source of radiation is internal to the patient, the
treatment is called brachytherapy {BT). Radioactive atoms for use in the context of this invention
can be selected from the group including, but not limited to, radium, cesium-137, iridium-192,
americium-241, gold-198, cobalt-57, copper-67, technetium-99, iodine-123, iodine-131, and
indium-111. Is also possible to label the antibody with such radioactive isotopes. Preferably the

15 anti-CD20 antibody formulation according to the invention is used without such ionizing
radiation.

Radiation therapy is a standard treatment for controlling unresectable or inoperable tumors
and/or tumor metastases. Improved results have been seen when radiation therapy has been
combined with chemotherapy. Radiation therapy is based on the principle that high-dose

20 radiation delivered to a target area will result in the death of reproductive cells in both tumor and
normal tissues. The radiation dosage regimen is generally defined in terms of radiation absorbed
dose (Gy), time and fractionation, and must be carefully defined by the oncologist. The amount
of radiation a patient receives will depend on various considerations, but the two most important
are the location of the tumor in relation to other critical structures or organs of the body, and the

25 extent to which the tumor has spread. A typical course of treatment for a patient undergoing
radiation therapy will be a treatment schedule over a 1 to 6 week period, with a total dose of
between 10 and 80 Gy administered to the patient in a single daily fraction of about 1.8 to 2.0 Gy,
5 days a week. In a preferred embodiment of this invention there is synergy when tumors in
human patients are treated with the formulation according to the invention and radiation. In

30 other words, the inhibition of tumor growth by means of the agents comprising the combination
of the invention is enhanced when combined with radiation, optionally with additional
chemotherapeutic or anticancer agents. Parameters of adjuvant radiation therapies are, for
example, contained in WO 99/60023.

The antibody formulation is administered to a patient according to known methods, by

35  intravenous administration as a bolus or by continuous infusion over a period of time, by
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intramuscular, intraperitoneal, intracerobrospinal, subcutaneous, intra-articular, intrasynovial,

or intrathecal routes. Intravenous or subcutaneous administration of the antibodies is preferred.

The invention further comprises a kit characterized in comprising a container, a composition
within the container comprising said formulation of the anti-CD20 antibody, and a package
insert instructing the user of the formulation to administer said formulation of the anti-CD20
antibody to a patient suffering from CD20 expressing cancer.

The term “package insert” refers to instructions customarily included in commercial packages of
therapeutic products, which may include information about the indications, usage, dosage,
administration, contraindications and/or warnings concerning the use of such therapeutic
products.

It a preferred embodiment, the article of manufacture containers may further include a
pharmaceutically acceptable carrier. The article of manufacture may further include a sterile
diluent, which is preferably stored in a separate additional container.

As used herein, a "pharmaceutically acceptable carrier” is intended to include any and all material
compatible with pharmaceutical administration including solvents, dispersion media, coatings,
antibacterial and antifungal agents, isotonic and absorption delaying agents, and other materials
and compounds compatible with pharmaceutical administration. Except insofar as any
conventional media or agent is incompatible with the active compound, use thereof in the
compositions of the invention is contemplated. Supplementary active compounds can also be
mcorporated into the compositions.

In yet another embodiment of the invention, the formulation according to the invention
comprises a type 1 anti-CD20 antibody which is in that is co-administered with a type Il anti-
CD20 antibody according to the invention. The formulations according to the invention may be
two separate formulations for each of the anti—-CD20 antibodies. Alternatively the formulation
herein may also contain both antibodies in one formulation.

In yet another embodiment of the invention, the formulation accarding fo the invention
comprises a anti-CD20 antibody in that said anti-CD20 antibody is co-administered with an
anti-Bcl-2 active agent. The term “Bcl-2” as used herein refers to the Bcl-2 protein(Swiss Prot ID
No. P10415), a member of the Bcl-2 family of proteins. The term “anti-Bcl-2 active agent”
comprises “anti-Bcl-2 antisense nucleotides” and Bcl-2 inhibitors”. The “anti-Bcl-2 antisense
nucleotides” down-regulate the Bcl-2 mRNA levels and reduces Bcl-2 protein expression.
Examples of such anti-Bcl-2 antisense nucleotides include Oblimersen and SPC-2996. ABT-737
as used herein means N-[4-[4-(4'-Chlorobiphenyl-2-ylmethyl)piperazin-1-yl|benzoyl]-3-[3-
(dimethylamino)-1(R)-(phenylsulfanylmethyl) prepylaminol-4-nitrobenzenesulfonamide; 4-{4-



Storage cond. Storage Time (months) Protein (mg/mL) SEC Mono- mer (%) SEC HMW (%) Turbi . dity
IEC Main peak (%) Visible particles Sub- visible particles Initial 26.4 99.6 0.4 5.5 72.2 Pass Pass 2-8C
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(4’-Chlorobiphenyl-2-ylmethyl)piperazin-1-yl]-N-{3-[3-(dimethylamino)-1{R)-
(phenylsulfanylmethyl) propylamino}-4-nitrophenylsulfonyljbenzamide, a Bd-2 inhibitor, which
is described in WO 2006/099667 or Corey, S., et al., Cancer Cell (2005) 5-6. BT-263 as used
herein means a Bcl-2 inhibitor, which is described in US 2007027135. Preferably the anti-Bcl-2
active agent is selected from Oblimersen, SPC-2996, TA-402, Gossypol, AT-101, Obatoclax
mesylate, A-371191, A-385358, A-438744, ABT-737, AT-101, BL-11, BL-193, GX-15-003, 2-
Methoxyantimycin As, HA-14-1, KE-67544, Purpurogallin, TP-TW-37, YC-137 and Z-24.
referably the anti-Bcl-2 active agent is a Bcl-2 protein binding inhibitor with an IC50 of the anti-
Bcl-2 inhibitory activity of 5 uM or less. Such Bcl-2 protein binding inhibitor is preferably
selected from Gossypol, AT-101, Obatoclax mesylate, ABT-263 and ABT-737, more preferably
from ABT-263 or ABT-737.

In yet another embodiment of the invention, the formulation according to the invention
comprises a anti-CD20 antibody in that said anti-CD20 antibody is co-administered with a
proteasome inhibitor, The term “proteasome inhibitor” as used herein refers to agents which
inhibit the activity of the 26S proteasome. Such proteasome inhibitors include inter alia e.g.
peptide derivatives such as peptide aldehydes {(e.g. MG132, MG115, CEP-1615, PSI, or
immunoproteasome specific inhibitor IPSI-001 (Cbz-LnL-CHO = N-carbobenzyloxy-leucyl-
norleucinal, see US 20060241056), peptide boronates {e.g. bortezomib (PS-341) or DFLB),
peptide epoxvketones (e.g. epoxomicin, dihydroeponemycin, or epoxomicin derivative
carfilzomib (PR-171)), or peptide vinyl sulfones (e.g. NLVS) and non-peptide derivatives such as
salinosporamide A (NPI-0052), salinosporamide A derivates, lactacystin or lactacystin derivatives
(e.g. clasto-lactacystin-L-lactone (omuralide) or PS-519). The different types and structures of
said proteasome inhibitors are described e.g. in Kisselev, AL., et al., Chem Biol (2001) 739-758,
WO 2004/004749 and Joazeiro, C., et al., Res 66{16) (2006) 7840-7842), Kanagasabaphy, et al,,
Curr Opin Investig Drugs 8 {2007)

447-51, Adams, 1., Nat Rev Cancer 4 (2004} 349-360 and US 20060241056.

Preferably such proteasome inhibitor is selected from peptide aldehydes (preferably N-
carbobenzyloxy-leucyl-norleucinal (IPSI-001)), peptide boronates (preferably bortezomib (PS-
341)), peptide epoxyketones (preferably epoxomicin derivative carfilzomib (PR-171)), or
salinosporamide A (NPI-0052). More preferably such proteasome inhibitor is selected from
bortezomib (PS-341), carfilzomib (PR-171), salinosporamide A (NPI-0052) or N-
carbobenzyloxy-leucyl-norteucinal (IPSI-001).

In a preferred embodiment the proteasome inhibitor is a peptide derivative selected from peptide
aldehydes (preferably N-carbobenzyloxy-leucyl-norleucinal (IPSI-001)), peptide boronates
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(preferably bortezomib (PS-341)) or peptide epoxyketones. In another preferred embodiment
the proteasome inhibitor is a peptide boronate (preferably bortezomib (PS-341); see, e.g., Adams,
Cur. Opin. Chem Biol. 6 (2002) 493-500 and US 5,780,454}).

Preferably the proteasome inhibitor has an IC30 of the anti-proteasome inhibitory activity of 5

5 uM or less, more preferably of 1 uM or less. A Cell-Based Assay for identifying such proteasome

inhibitors and for the determination of the IC50 of the anti-proteasome inhibitory activity (via

serial dilutions and calculation using a non-linear curve fit (XLfit software (I Business Solution

Ltd., Guilford, Surrey, UK)) is described in Moravec, et al., Cell Notes 15 (2006) 4-7 using

Proteasome-Glo™ Cell-Based Assay Reagent from Promega with U266 cells (human plasma

10 myeloma). This “add-mix-measure” assay measures the chymotrypsin-like protease activity
associated with the proteasome in cultured cells.

Besides IPSI-001 {Cbz-LnL-CHO = N-carbobenzyloxy-leucyl-norleucinal) also the following
peptide derivatives of US 20060241056 are preferred
proteasome inhibitors: N-carbobenzyloxy-homophenylalanyl-phenylalanylal,
15 N-carbobenzyloxy-leucyl-phenylalanylal, N-carbobenzyloxy-alanyl-phenylalanylal, N-
carbobenzyloxy-glycyl-prolyl-alanyl-phenylalanylal, N-carbobenzyloxy-glycyl-prolyl-
phenylatanyl-phenylalanylal, N-carbobenzyloxy-glycyl-phenylalanyl-phenylalanylal, N-
carbobenzyloxy-leucyl-norleucine boronic acid, N-carbobenzyloxy-phenylalanyl-phenylalanine
boronic acid, N-carbobenzyloxy-homophenylalanyl-phenylalanine  boronic  acid, N-
20  carbobenzyloxy-leucyl-phenylalanine boronic acid, N-carbobenzyloxy-glycyl-prolyl-alanyl-
phenylalanine  boromic  acid, N-carbobenzyloxy-glycyl-prolyl-phenylalanyl-phenylalanine
boronic acid, N-carbobenzyloxy-leucyl-lencyl-phenylalanine boronic acid,
N-carbobenzyloxy-glycyl-phenylalanyl-phenylalanine boronic acid,
N-carbobenzyloxy-leucyl-norleucine methyl vinyl sulfone, N-carbobenzyloxy-phenylalanyl-
25  phenylalanine methyl vinyl suifone, N-carbobenzyloxy-homophenylalanyl-phenylalanine methyl
vinyl sulfone, N-carbobenzyloxy-leucyl-phenylalanine methyl vinyl sulfone, N-carbobenzyloxy-
alanyl-phenvialanine methyl vinyl sulfone, N-carbobenzyloxy-glycyl-prolyl-alanyl-phenylalanine
methyl vinyl sulfone, N-carbobenzyloxy-glycyl-prolyl-phenylalanyl-phenylalanine methyl vinyl
sulfone, N-carbobenzyloxy-leucyl-10ucyl-phenylalanine methyl vinyl sulfone, N-carbobenzyloxy-
30 glycyl-phenylalanyl-phenylalanine methyl vinyl sulfone,
N-carbobenzyloxy-ieucyl-norleucine epoxy  ketone, N-carbobenzyloxy-phenylalanyl-
phenylalanine epoxy ketone, N-carbobenzyloxy-homophenylalanyl-phenylalanine epoxy ketone,
N-carbobenzyloxy-leucyl-phenylalanine epoxy ketone, N-carbobenzyloxy-alanyl-phenylalanine
epoxy ketone, N-carbobenzyloxy-glycyl-prolyl-alanyl-phenylalanine epoxy ketone, N-
35  carbobenzyloxy-glycyl-prolyl-phenylalanyl-phenylalanine epoxy ketone, N-carbobenzyloxy-
leucyl-leucyl-phenylalanine  epoxy ketone, and N-carbobenzyloxy-glycyl-phenylalanyl-
phenylalanine epoxy ketone.
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The following examples and figures are provided to aid the understanding of the present
invention, the true scope of which is set forth in the appended claims. It is understood that
modifications can be made in the procedures set forth without departing from the spirit of the

inventiosn.

EXAMPLES

Example 1

The following formulations, either in the liquid, lyophilized or liquid reconstituted from

Iyophilized forms were prepared:

15mg/mlL HuMab<CD20>,
0.01% polysorbate 20 w/v,
20 mM L-histidine, and
140 mM sodium chloride,
at pH 6.0;

10mg/mL FHuMab<CD20>,
0.01% polysorbate 20 w/v,
20 mM L-histidine, and
140 mM sodium chloride,
at pH 6.0;

15mg/mL HuMab<CD20>,
20 mM L-histidine,
at pH 6.0;

10mg/mL HuMab<CD20>,
0.02% polysorbate 20 w/v,
20 mM L-histidine, and
240 mM trehalose,

at pH 6.0;

25mg/mL HuMab<CD20>,
0.02% polysorbate 20 w/v,
20 mM L-histidine, and



Pass Pass -80C 9 25.799.5 0.5 5.9 72.3 Pass Pass n/a: not analyzed Pass: free to essentially free of
visible particles, max 6000 particles '10pm /container, max 600 5particles 25pm /container Formulation
25mg/mL HuMab<CD20>, 20mM L-histidine, 240mM trehalose, 0.1% w/v Poloxamerl88TM, pH 6.0,
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IEC Main (%) Visible particles Sub- visible particles,q_  Initial

240 mM trehalose,
at pH 6.0.

Also prepared was a lyophilized form which comprises after reconstitution with the appropriate

5 amount of water for injection:

10mg/mL HuMab<CD20>,
0.02% polysorbate 20 w/v,
20 mM L-histidine, and

10 240 mM trehalose,
at pH 6.0;

This formulation shows a good stability upon storage at 2-8°C and 25° with adequate stability
with regard to physical endpoints such as aggregation and chemical endpoints such as

15 fragmentation.

Liquid and lyophilised drug product formulations for parenteral administration according to the

invention were developed as follows:

20 Preparation of lHauid formulations,

Formulations of HuMab<CD20> were prepared by homogenization of solutions of
HuMab<CD20> in the production buffer (e.g. 20 mM histidine buffer at pH approx. 6.0 or
20mM histidine buffer at pH approx. 6.0 containing 140mM sodium chloride and 0.01% (w/v)
polysorbate 20). Formulations of HuMab<CD20> can also be prepared by adjusting the protein

25 concentration to the desired concentration by dilution with buffer. Excipients for stabilizing the
protein and for tonicity adjustment were added as required and can be added in dissolved form
or alternatively as solid. Surfactant was added to the formulations as a stock solution as required.
All formulations were sterile filtered through 0.22 um filters and aseptically aliquoted into sterile
glass vials and cdlosed with rubber stoppers and alucrimp caps. These formulations were stored at

30 different temperatures for different intervals of time and removed for analysis at the timepoints
indicated in the individual paragraphs. Formulations were analyzed 1) by UV
spectrophotometry, 2) by Size Exclusion Chromatography (SEC), 3) for visible and subvisible
particles, 4) by Ion exchange chromatography (IEC) and 5) by turbidity of the solution.
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Preparation of lyophilised formulations,

Solutions of HuMab<CD20> were either prepared as described above for liquid formulations, or
manufactured by homogenizing HuMab<CD20> solutions of HuMab<CD20> in 20mM
histidine buffer at pH approx. 6.0, containing a sugar and a surfactant. All formulations were
sterile filtered through 0.22 pm filters and aseptically aliquoted into sterile glass vials. The vials
were partly closed with rubber stoppers suitable for the use in lyophilization processes and
transferred to the drying chamber of the lyophilizer. Any lyophilisation method known in the art
is intended to be within the scope of the invention. For example, the lyophilisation process used
for this study included the cooling of the formulation from room temperature to approx 5°C
(pre-cooling) followed by a freezing at -40°C (Freeze I) at a ramping rate of about 1°C/min to
5°C/min. The first drying step can take place at a ramping rate of 0.3 to 0.5°C/ min from -40°C
to -30°C and then hold at -30°C for at least 30 hours at a chamber pressure of approx. 75 to 80
mTorr. A second drying step can take place at a ramping rate of 0.1 to 0.3°C / min from -30°C to
25°C and hold at 25°C for at least 5 hours at a chamber pressure of about 50 to 80 mTorr (the
applied drying schedule is provided in Table 1). HuMab<CD20> formulations which were dried
using the described lyophilisation processes were found to have conveniently quick
reconstitution times of about 2-3 minutes. All lyophilised cakes in this study had a residual water
content of approximately 0.1 to 1.0% as determined by Karl-Fischer method. The lyophilised
vials were stored at different temperatures for different intervals of time. The lyophilised
formulations were reconstituted with the respective volume of water for injection {WFI) prior to
1) analysis by UV spectrophotometry, 2) determination of the reconstitution time, 3) analysis by
Size Exclusion Chromatography (SEC) 4) by lon exchange chromatography (IEC), 5)

determination of subvisible and visible particles and 6) by turbidity of the solution.

Size exclusion chromatography (SEC) was performed to detect soluble high molecular weight
species (aggregates) and low molecular weight hydrolysis products in the formulations. The
method used a suitable HPLC instrument equipped with a UV detector (detection wavelength
280 nm) and a Zorbax GF-250 column ( 9.4 x 250 mm, Agilent); the method used 200mM
sodium phosphate pH 7.0 as mobile phase.

lon Exchange Chromatography (TEC) was performed to detect chemical degradation products
altering the net charge of HuMab<CD20> in the formulations. The method used a suitable
HPLC instrument equipped with a UV detector (detection wavelength 220 and 280nm) and a
Dionex ProPac WCX-10 column ( 4mm x 250mm). 10mM sodium phosphate buffer pH 6.0 in
H,0 and 10mM sedium phosphate buffer pH 6.0 + 0.75M NaCl were used as mobile phases A

and B, respectively, with a flow rate of 1.0mL/min.



12 26.6 99.5 0.5 5.8 70.0 Pass Pass 25C 1 n/a 99.6 0.4 5.2 n/a Pass Pass 2n/a99.40.6 5.7 70.7
Pass Pass 3 n/a 99.40.6 6.2 67.4 Pass Pass 26.6 95.710.8 6.2 58.6 Pass Pass 12 26.6 95.40.7

WO 2009/080541 PCT/EP2008/067293
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The UV spectroscopy for determination of the protein concentration was performed on a Varian
Cary Bio UV spectrophotometer at 280 nm.

For the determination of the turbidity, opalescence was measured in FTU {turbidity units) using
a HACH 2100AN turbidimeter at room temperature.

5  Samples were analyzed for subvisible particles by using a HIAC Royco PharmaSpec (HRLD-150),

and for visible particles by using a Seidenader V90-T visual inspection instrument.

Table 1 Freeze-drving Cycle

Step Shelf temperature | Ramp Rate Hold time | Vacuum Set point
(°C) (°C/min) (min) (mTorr)

Pre-cooling 5°C 0.0 60 -

Freeze 1 -40°C 1.0 120 -

Prim Drying -30°C 0.5 3720 80

Sec Drying +25°C 0.2 300 80

10
Stability data of liquid HuMab<CD20> drug product formulations according to this invention

Formulation 15mg/mL HuMab<CD20>, 20 mM L-histidine, pH 6.0,

Storage . SEC SEC . IEC Visible | Sub-
Storage . Protein Turbi- | . . ]

Time Mono- |HMW | Significant | particles |visible
cond. (mg/mL) dity X

(months) mer (%) (%) Changes particles
Initial 14.5 98.4 1.6 5.9 No Pass Pass

11 14.7 98.1 1.8 5.9 No Pass Pass
2-8°C 3 15.5 97.9 2.0 6.1 No Pass Pass

6 14.2 97.7 2.1 5.7 No Pass Pass

1 14.8 98.0 1.7 5.7 No Pass Pass
25°C 3 15.0 97.8 1.8 5.8 No Pass Pass

) 14.6 97.3 1.9 6.1 Yes Fail Pass

I 14.8 97.6 1.6 5.8 No Pass Pass
40°C

15.1 96.1 1.9 6.2 Yes Pass Pass




6.0 54.9 Pass Pass 40C 1 n/a 98.00.5 5.3 59.3 Pass Pass 2 n/a 97.40.8 5.8 51.8 Pass Pass 3 n/a
96.61.1 7.0 n/a Pass Pass -80C 9 26.1 99.50.5 5.9 71.0 Pass Pass n/a: not analyzed Pass: free to

essentially free of visible particles, max 6000 particles |_ Opm /container, icles ?..25pm
/container SWQrH{?ﬂQﬁ%WZSmg/mL HuMali<CD20>, 20mM Acetate, 240m%§§?%%9§’£%:}%’%% wiv

Polysorbate 80, pH 5.5, Storage cond. Storage Timg_(months) Protein (mg/mL) SEC

1 14.8 98.4 1.6 6.3 in/d Fail i Pass
20°C (3 15.1 981 1.3 6.2 No Fail Pass

6 14.3 97.7 2.3 6.1 No Fail Pass

3 15.0 98.2 1.6 58 No Fail Pass
-80°C

6 14.9 98.4 1.6 57 No Fail Pass

n/d: not determined
Pass: free to essentially free of visible particles, max 6000 particles Z10pm /container, max 600

particles 2251m /container

5  Formulation 10mg/mL HuMab<CD20>, 20 mM L-histidine, 240mM trehalose, 0.02% wi/v
Polysorbate 20, pH 6.0,

Storage | Storage . SEC SEC ~|IEC Visible |Sub-

Protein Turbi- | | ) .

con | Time Mono- [HMW | Significant | particles |visible
(mg/ml.) dity )
d. |{months) mer (%) 1{%) Changes particles
Initial 11.0 98.4 1.6 3.9 No Pass Pass
1 11.1 98.3 1.6 4.0 No Fail Pass
2-8°C 3 1.3 98.2 1.7 6.6 No Fail Pass
6 10.8 98.1 1.7 8.3 No Fail Pass
11 11.0 98.3 1.4 6.4 No Fail Pass
25°C 3 11.3 98.2 L5 6.7 No Fail Pass
6 11.2 98.8 1.4 6,7 Yes Fail Pass
1 11.1 98.0 1.3 7.5 No Fail Pass
40°C -

3 11.2 96.7 1.5 4.9 Yes Fail Pass
I 11.0 98.5 1.5 34 Na Pass Pass
-20°C 3 11.2 98.3 1.6 4,0 No Pass Pass

6 n/d n/d n/d nfd n/d n/d n/d
80°C 3 11.2 98.3 1.6 37 No Pass Pass
6 11.0 1985 | 1.5 3.8 No Pass Pass

n/d = not determined

Pass: free to essentially free of visible particles, max 6000 particles 210um /container, max 600

particles 225um /container
10



Mono- mer (0/0) SEC HMW (%) Turbi dity IEC Main peak (%) Visible particles Sub-1 visible particles
Initial 24.6 99.6 0.4 8.2 71.9 Pass Pass 2-8C 1 24.8 99.7 0.3 4.9 n/a Pass Pass 2 24.599.4 0.6 5.2

72.6 Pass Pass 324.399.40.67.0
WO 2609/080541 PCT/EP2008/067293

-32-

Stability data of Iyophilized huMAb<CD20> drug product formulations according to this

invention

Formulation 10mg/mL HuMab<CD20>, 20 mM L-histidine, 240mM trehalose, 0.02% w/v

Polysorbate 20, pH 6.0,

Storage . SEC SEC . |IEC Main | Visible | Sub-
Storage . Protein Turbi- ] .

Time Mono- |HMW | peak (%) |particles |visible
cond. {(mg/mL) dity i

(months) mer (%) (%) particles
Initial 10.4 98.9 i1 2.9 54.8 Pass Pass

1 10.5 98.9 1.1 2.9 n/d Pass Pass

3 10.4 98.9 1.1 2.9 n/d Pass Pass
2-8°C 6 10.4 98.9 1.1 3.4 53.1 Pass Pass

12 104 98.9 1.1 3.1 56.6 Pass Pass

24 10.3 98.9 1.1 3.1 55.6 Pass Pass

1 10.2 98.9 1.1 2.9 n/d Pass Pass

105 98.9 1.1 2.9 n/d Pass Pass
25°C .
10.4 98.9 1.1 3.3 52,9 Pass Pass

12 10.4 98.8 1.2 3.1 56.9 Pass Pass

i 10.5 98.9 1.1 3.0 n/d Pass Pass
40°C 3 i0.4 98.9 1.1 3.0 n/d Pass Pass

6 10.5 98.9 1.1 3.4 50.9 Pass Pass

5 1n/d = not determined
Pass: free to essentially free of visible particles, max 6000 particles 2104m /container, max 600

particles 225um /container

Example 2
10

The following formuiations, either in the liquid, lyophilized or liquid reconstituted from

lyophilized forms were prepared:

| 25mg/mL HuMab<CD20>,
0.02% Poloxamer188™ wiv,
15 20 mM L-histidine, and
240mM trehalose,



66.2 Pass Pass 25C 1 n/a 99.6 0.4 6.7 n/a Pass Pass 2 n/a99.30.7 7.0 71.9 Pass Pass n/a 99.2
0.8 7.3 65.1 Pass Pass 40C 1 n/a 97.51.0 26.8 52.9 Pass Pass 2 n/a9.10 2.1 27.8 42.1 Pass

WO 2009/680541 PCT/EP2068/067293
233

at pH 6.0;
or

25myg/mL HuMab<CD20>,

0.01% Poloxamer188™ w/v,
5 20 mM L-histidine, and

240mM trehalose,

at pH 6.0;

or

10
25mg/mL HuMab<CD20>,
0.1% Poloxamer188™ wiv,
20 mM L-histidine, and
240mM trehalose,

13 atpH 6.0;

or

25mg/ml HuMab<CD20>,
0.02% Polysorbate 80 wiv,
20 20 mM L-histidine, and
240mM trehalose,
at pH 6.0;

or

25mg/ml HuMab<CD20>,
25 0.19% Polysorbate 80 w/v,
20 mM Acetate, and
240mM trehalose,
at pli 5.5;

or

30 25mg/mL HuMab<CD20>,
0.1% Polysorbate 80 wfv,
20 mM Acetate, and



Pass 3 n/a94.4 3.2 26.8 n/a Pass Pass n/a: not analyzed Pass: free to essentially free of visible
particles, max 6000 particles .?..10pm /container, max 600 particles -?25pm /container WO
20091080541PCT/EP2008/067293 -39- Formulation 25mg/mL HuMab<CD20>, 20mM Acetate,
1401sodium ¥RSHE% 156 wiv Polysorbate 80, pH 5.5, Storage cond. Stgfgé%p%‘fﬂ?@((%%nths) Protein
(mg/mL) SEC Monome r (%) SEC BMW (0/0) Turbi4dity IEC Main peak (%) Visible particles Sub-
visible particles Initial 23.7 99.5 0.5 11.4 70.9

140mM Sodium chioride,
at pH 5.5;

or

30mg/mL HuMab<CD20>,
0.01% Poloxamer188™ wiv,
20 mM L-histidine, and
200mM trehalose,

10 at pH 6.5;

Liquid and lyophilised drug product formulations for parenteral administration were prepared as

follows:

Preparation of liguid formulations.

Formulations of HuMab<CD20> were prepared by homogenization of solutions of

15 HuMab<CD20> in the production buffer (e.g. 20 mM histidine buffer at pH approx. 6.0

containing 240mM trehalose and 0.02% (w/v) Poloxamer188™). Formulations of

HuMab<CD20> can also be prepared by diafiltrating solutions of approx. 10-40 mg/ml

HuMab<CD20> in the production buffer (e.g. 20 mM histidine buffer at pH approx. 6.0) by

tangential flow filtration (TFF) to increase the protein concentration above target protein

20  concentration and to exchange buffer. Formulations of HuMab<CD20> can also be prepared by

adjusting the protein concentration to the desired concentration by dilution with buffer.

Excipients for stabilizing the protein and for tonicity adjustment can be added in dissolved form

or alternatively as solid. Surfactant was added to the formulations as a stock solution as required.

All formulations were sterile filtered through 0.22 pm filters and aseptically aliquoted into sterile

25 glass vials and closed with rubber stoppers and alucrimp caps. These formulations were stored at

different temperatures for different intervals of time and removed for analysis at the timepoints

indicated in the individual paragraphs. Formulations were analyzed 1) by UV

spectrophotometry, 2) by Size Exclusion Chromatography (SEC), 3) for visible and subvisible
particles, 4) by lon exchange chromatography (IEC} and 5) by turbidity of the solution.

30

Preparation of lyophilised formulations.

Solutions of <CD20> were prepared as described above for liquid formulations. All formulations

were sterile filtered through 0.22 pm filters and aseptically aliquoted into sterile glass vials. The



Pass Pass 2-8C 1 24.4 99.6 0.4 11.4 n/a Pass Pass 2 24.2 99.4 0.6 10.5 71.5 Pass Pass 3 24.2 99.3
0.7 12.571.3 Pass Pass 25C 1 n/a 99.5 0.5 12.0 n/a Pass Pass 2 n/a 99.1 0.9 013.0 68.2 Pass Pass
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vials were partly closed with rubber stoppers suitable for the use in lyophilization processes and
transferred to the drying chamber of the lyophilizer. Any lyophilisation method known in the art
is intended to be within the scope of the invention. For example, the lyophilisation process used
for this study included the cooling of the formulation from room temperature to approx 5°C
(pre-cooling) followed by a freezing at -40°C (Freeze I} at a ramping rate of about 1°C/min to
5°C/min. The first drying step can take place at a ramping rate of 0.3 to 0.5°C/ min from -40°C
to -30°C and then hold at -30°C for at least 50 hours at a chamber pressure of approx. 75 to 80
mTorr. A second drying step can take place at a ramping rate of 0.1 to 0.3°C/ min from -30°C to
25°C and hold at 25°C for at least 5 hours at a chamber pressure of about 50 to 80 mTorr (the.
applied drying schedule is provided in Table 1). HuMab<CD20> formulations which were dried
using the described Iyophilisation processes were found to have a residual water content of
approximately 0.1 to 1.0% as determined by Karl-Fischer method. The lyophilised vials were
stored at different temperatures for different intervals of time. The lyophilised formulations were
reconstituted with the respective volume of water for injection (WFI) prior to 1) analysis by UV
spectrophotometry, 2) analysis by Size Exclusion Chromatography {SEC) 3) by lon exchange
chromatography (IEC), 4) determination of subvisible and visible particles and 5) by turbidity of

the solution.

Size exclusion chromatography (SEC) was performed to detect soluble high molecular weight
species {aggregates) and low molecular weight hydrolysis products in the formulations. The
method used a suitable HPLC instrument equipped with a UV detector (detection wavelength
280 nm) and either a Zorbax GF-250 column ( 9.4 x 250 mm, Agilent) or a TSKgel G3000
SWXL (7.8x300mm); the method used either 200mM sodium phosphate pH 7.0 or 250mM
potassium chloride in 200mM potassium phosphate pH 7.0 as mobile phase.

Ton Exchange Chromatography {IEC} was performed to detect chemical degradation products
altering the net charge of HuMab<CD20> in the formulations. The method used a suitable
HPLC instrument equipped with a UV detector (detection wavelength 220 and 280nm) and a
Dionex ProPac WCX-10 column ( 4mm x 250mm). 10mM sodium phosphate buffer pH 6.0 in
H,0 and 10mM sodium phosphate buffer pH 6.0 + 0.75M NaCl were used as mobile phases A

and B, respectively, with a flow rate of 1.0mL/min.

The UV spectroscopy for determination of the protein concentration was performed on a Varian

Cary Bio or a Perkin Elmer UV spectrophotometer at 280 nm.

For the determination of the turbidity, opalescence was measured in FTU (turbidity units) using
a HACH 2100AN turbidimeter at room temperature.



3n/a99.10.9 13.2 64.6 Pass Pass 40C 1 n/a 96.9 1.2 26.8 54.0 Pass Pass 2 n/a 95.0 2.9 26.5 46.1
P_ags Pass_ 3 n/a93.1 4.2 26.1 n/a Pass Pass n/a: not analyzed Pass: free to essentially free of
visible particles, max 6000 particles ?-10pm /container, max 600 5 particles ?-25pm /container

Formulation BEAYAEEIMab<CD20>, 20mM L-histidine, 200mM trehalose 1018

467293
of WV

Poloxamerl88TM, pH 6.5, Storage cond. Storage Tge (months) Protein (mg/mL) SEC

Samples were analyzed for subvisible particles by using a HIAC Royco PharmaSpec (HRLD-1 50},

and for visible particles by using a Seidenader V90-T visual inspection instrument.

Table 1 Freeze-drving Cvcle

Step Shelf temperature | Ramp Rate Hold time | Vacuum Set point
(*C) (°C/min) (min) (mTorr)

Pre-cooling 5°C 0.0 60 -

Freeze | -40°C L.0 120 -

Prim Drying | -30°C 0.5 3720 80

Sec Drying +25°C 0.2 300 80

Stability data of liquid HuMab<CD20> drug product formulations

Formulation 25mg/mL HuMab<CD20>, 20mM L-histidine, 240mM trehalose, 0.02% w/v

Poloxamer188™, pH 6.0,
Storage . SEC SEC 1 IEC Main | Visible Sub-
Storage . Protein - { Turbi
Time Mono- | HMW i peak (%) | particles | visible
cond. (mg/mL) -dity
(months) mer (%) | (%) particles

Initial 25.7 98.7 1.3 64 |61.6 Pass Pass
2-8°C 1 25.6 98.7 1.3 6.0 62.0 Pass Pass
3 26.1 98.6 1.3 59 |6L0 Pass Pass
25°C It 25.7 98.5 1.4 6.5 62.0 Pass Pass
3 26.0 97.9 L.5 5.9 58.5 Pass Pass
40°C 1 25.7 97.9 1.6 6.6 52.6 Pass Pass
3 25.7 91.0 24 6.7 33.6 Pass Pass
-80°C 3 25.6 98.7 1.3 6.2 60.9 Pass Pass
-20°C 3 255 98.7 1.3 6.3 60.8 Pass Pass

Pass: free to egsentially free of visible particles, max 6000 particles 210pm /container, max 600

10 particles 225um /container



Mono- mer (%) SEC HMW (%) Turbi clay IEC Main peak (%) Visible particles Sub- visible particles
Initial 32.098.4 1.6 6.4 61.0 Pass Pass 2-8C 1 32.2 98.3 1.6 6.6 62.3 Pass Pass 332.998.11.75.7
60.5 Pass Pass 25C 1 32.298.1 1.8 6.2

WO 2009/080541 PCT/EP2008/067293
-37-
Formulation 25mg/mL HuMab<CD20>, 20mM L-histidine, 240mM trehalose, 0.01% w/v
Poloxamer188™, pH 6.0,

Storage . SEC SEC | IEC Main | Visible Sub-
Storage ) Protein Turbi
cond. Time (mg/mL) Mono- | HMW dity peak (%) | particles | visible
(months) mer (%) | (%} particles
Initial : 26.4 99.6 0.4 5.5 72.2 Pass Pass
1 26.4 99.7 0.3 5.7 n/a Pass Pass
2 26.3 99.5 0.5 5.7 72.0 Pass Pass
2-8°C 3 26.3 99.5 0.5 6.3 72.6 Pass Pass
9 26.2 99.4 0.6 6.0 70.8 Pass Pass
12 26.4 99.5 0.5 6.5 70.1 Pass Pass
1 n/a 99.6 0.4 52 n/a Pass Pass
2 n/a 99.4 0.6 5.7 70.6 Pass Pass
25°C 3 n/a 99.4 0.6 6.1 66.5 Pass Pass
9 26.4 95.7 0.8 5.9 58.2 Pass Pass
12 26.5 95.5 0.7 6.1 54.9 Pass . |Pass
1 n/a 98.2 0.3 54 588 Pass Pass
40°C 2 n/a 97.4 0.8 5.7 50.4 Pass Pass
3 n/a 96.7 1.0 6.3 n/a Pass Pass
-80°C 9 25.7 99.5 0.5 5.9 72.3 Pass Pass

n/a: not analyzed
Pass: free to essentially free of visible particles, max 6000 particles 210pym /container, max 600

5 particles 225Um /container

Formulation 25mg/mL HuMab<CD20>, 20mM L-histidine, 240mM trehalose, 0.1% w/v

Poloxamer188™™, pH 6.0,
Storage . SEC SEC | 1EC Main | Visible Sub-
Storage ) Protein Turbi
Time Mono- | HMW ) peak (%) | particles | visible
cond. (mg/mL) dity

(months) mer (%) | (%) particles
Initial 26.4 99.6 0.4 2.5 71.5 Pass Pass
2-8°C 1 26.7 99.7 0.3 6.2 nfa Pass Pass

2 26.5 99.5 0.5 54 73.0 Pass Pass

3 26.4 9.5 0.5 6.3 70.9 Pass Pass




60.9 Pass Pass 332.197.6 2.0 6.2 56.5 Pass Pass 40C 1 32.097.3 2.1 6.3 50.9 Pass Pass 332.3
89.93.07.231.1 Pass Pass -80C 331.898.31.66.261.0 Pass Pass WO
2009/080541PCT/EP2008/067293 -40- -20C 32.1198.311.6 6.6 60.7

WO 2009/086541 PCT/EP2B08/067293
-38-
9 26.5 99.4 0.6 6.4 71.8 Pass  |Pass
12 26.6 99.5 0.5 5.8 70.0 Pass Pass
1 n/a 99.6 0.4 5.2 n/a Pass Pass
2 n/a 99.4 0.6 5.7 70.7 Pass Pass
25°C 3 n/a 99.4 0.6 6.2 67.4 Pass Pass
9 26.6 95.7 0.8 6.2 58.6 Pass Pass
12 26.6 95.4 0.7 6.0 54.9 Pass Pass
1 n/a G8.0 0.5 53 59.3 Pass Pass
40°C 2 n/a 97.4 0.8 5.8 51.8 Pass Pass
3 n/a 96.6 1.1 70 |n/a Pass Pass
-80°C 9 26.1 99.5 0.5 5.9 71.0 Pass Pass

n/a: not analyzed
Pass: free to essentially free of visible particles, max 6000 particles 210pm /container, max 600

particles 225(m /container

5  Formulation 25mg/mL HuMab<CD20>, 20mM Acetate, 240mM trehalose, 0.1% wiv
Polysorbate 80, pH 5.5,

: Storage . SEC SEC | IEC Main | Visible Sub-
Storage i Protein Turbi
Time "\ Mono- | HMW . peak (%) | particles | visible
cond. (mg/mL) dity
(months) mer (%)« (%) particles

Initial 24.6 99.6 0.4 8.2 71.9 Pass Pass
2-8°C 1 24.8 99.7 0.3 49 n/a Pass Pass

2 24.5 _ 99 .4 0.6 5.2 72.6 Pass Pass

3 24.3 99.4 0.6 7.0 66.2 Pass Pass
25°C i n/a 99.6 . i0.4 6.7 nfa Pass Pass

2 n/a 99.3 0.7 7.0 71.9 Pass Pass

3 n/a 99,2 0.8 7.3 65.1 PPass Pass
40°C i n/a 97.5 1.0 26.8 |52.9 Pass Pass

2 n/a 96.0 2.1 27.8 |42.1 Pass Pass

3 n/a 94.4 3.2 26.8 n/a Pass Pass

n/a: not analyzed
Pass: free to essentially free of visible particles, max 6000 particles 210Jm /container, max 600

particles 225im /container



Pass Pass Pass: free to essentially free of visible particles, max 6000 particles IOpm /container, max
600 particles ?25pm /container 5 Stability data of lyophilized huMAb<CD20> drug product formulations
Formulation 25mg/mL HuMab<CD20>, 20 mM L-histidine, 240mM trehalose, 0.02% w/v
PoloxamerISEMBI884EE cond. Storage Time (months) Protein (mg/mL) SECEVRSAB S (%) SEC
HMW (%) Turbi dity IEC Main peak (%) Visible partigles Sub- visible particles Initial 25.598.9 1.0 6.2
61.2 Pass Pass 2-8C 1 25.2 99.0 1.0 5.8 63.1 Pass Pass

Formulation 25mg/mL HuMab<CD20>, 20mM Acetate, 140mM sodium chloride, 0.1% w/v
Polysorbate 80, pH 5.5,

Storage SEC SEC IEC Main | Visible Sub-
Storage ) Protein Turbi
Time Monome | HMW . peak (%) | particles | visible
cond. {mg/mL) dity
(months) r (%) (%) particles
Inttial 23.7 99.5 0.5 114 1709 Pass Pass
2-8°C 1 24.4 99.6 0.4 114 n/a Pass Pass
2 24.2 99.4 0.6 105 {715 Pass Pass
3 24.2 99.3 0.7 125 |71.3 Pass Pass
25°C 1 n/a 99.5 0.5 12.0 |n/fa Pass Pass
2 n/a 99.1 0.9 (13.0 168.2 Pass Pass
3 n/a 99.1 0.9 13.2 164.6 Pass Pass
40°C ] n/a 96,9 1.2 26.8 154.0 Pass Pass
2 /a 95.0 2.9 26.5 46.1 Pass Pass
3 n/a 93.1 4.2 26.1 Infa Pass Pass

n/a: not analyzed

Pass: free to essentially free of visible particles, max 6000 particles Z10Mm /container, max 600

particles 225um /container

Formulation 30mg/mL HuMab<CD20>, 20mM L-histidine, 200mM trehalose, 0.01% w/v
Poloxamer188™, pH 6.5,

Storage . SEC SEC | YEC Main | Visible Sub-
Storage . Protein Turbi
Time Mono- | HMW | peak (%) | particles | visible
cond. (mg/mL) dity
{months) mer (%) | (%) particles
Initial 32.0 98.4 1.6 6.4 610 Pass Pass
2-8°C 1 32.2 98.3 1.6 6.6 |62.3 Pass Pass
3 32.9 98.1 1.7 5.7 60.5 Pass Pass
25°C 1 32.2 98.1 1.8 6.2 1609 Pass Pass
3 32.1 97.6 2.0 6.2 1565 Pass Pass
40°C 1 32.0 97.3 2.1 6.3 50.9 Pass Pass
3 323 89.9 3.0 7.2 3L1 Pass Pass
-80°C 3 31.8 98.3 1.6 6.2 1610 Pass Pass




325.399.01.06.160.4 Pass Pass 25C 125.498.91.06.062.9 Pass Pass 325.69851.16.160.2
Pass Pass 40C 1 25.398.9 1.1 6.3 60.6 Pass Pass 3 25.998.51.35.956.9 Pass Pass -80C 3 25.3

WO 2009/880541 PCT/EP2068/067293

-40-

-20°C 3 32.1 98.3 1.6 6.6 60.7 Pass Pass

Pass: free to essentially free of visible particles, max 6000 particles 2104m /container, max 600

particles 225m /container

5 Stability data of lyophilized huMAb<CD20> drug product formulations

Formulation 25mg/mL HuMab<CD20>, 20 mM L-histidine, 240mM trehalose, 0.02% w/v

Poloxamer188™
Storage . SEC SEC | TEC Main | Visible | Sub-
Storage ) Protein Turbi
Time Mono- | HMW | peak (%) | particles | visible
cond. (mg/mL) dity
(months) mer (%) | (%) particles

initial 25.5 98.9 1.0 6.2 61.2 Pass Pass
2-8°C 1 25.2 99,0 1.0 5.8 63.1 Pass Pass
3 25.3 99.0 1.0 6.1 60.4 Pass Pass
25°C 1 25.4 98.9 1.0 6.0 62.9 Pass Pass
3 25.6 98.5 1.1 6.1 60.2 Pass PPass
40°C 1 25.3 98.9 1.1 6.3 60.6 Pass Pass
3 25.9 98.5 1.3 5.9 56.9 Pass Pass
-80°C 3 25.3 98.9 1.0 6.3 61.2 Pass Pass
-20°C 3 254 98.9 1.0 6.7 60.6 Pass Pass

Pass: free to essentially free of visible particles, max 6000 particles 210um /container, max 600

particles 225um /container
10



98.9 1.0 6.3 61.2 Pass Pass -20C 3 25.4 98.9 1.0 6.7 60.6 Pass Pass Pass: free to essentially free of
visible particles, max 6000 particles ..?-10pm /container, max 600 particles .?..25pm /container 10
WO 2009/080541PCT/EP2008/067293 -41- Formulation 25mg/mL HuMab<CD20>, 20 mM
L-histidine, 2%¥8hR%féhiibse, 0.02% wiv Polysorbate 80, pH 6.0, StorageP&3Ht 2PAGE *Time
(months) 1SEC Proteinl | Monome (mg/mL) 1 1r (9/9) | SEC HMW (9/0) Turbi dity IEC Main peak (%)
Visible particles Sub- visible particles Initial

Formulation 25mg/mL HuMab<CD20>, 20 mM L-histidine, 240mM trehalose, 0.02% w/v
Polysorbate 80, pH 6.0,

Storage SEC SEC 1 TEC Main | Visible Sub-
Storage ) Protein Turbi
Time Monome | HMW . peak (%) | particles | visible
cond. (mg/mlL} dity
(months) r (%) (%) particles
Initial 27.2 99.6 0.4 6.0 |723 Pass Pass
1 27.1 99.7 0.3 6.1 n/a Pass Pass
2-8°C 2 27.0 99.5 0.5 3.8 740 Pass Pass
3 27.0 99.5 0.5 6.2 69.8 Pass Pass
25°C 1 n/a 99.7 0.4 6.2 infa Pass Pass
2 n/a 99.5 0.5 5.4 66.2 Pass Pass
3 n/a 99.5 0.5 5.9 68.6 Pass Pass
40°C 1 nfa . 99.6 0.4 5.4 70.6 Pass Pass
2 n/a 99.4 0.6 5.4 70.1 Pass Pass
3 n/a 99.3 0.7 6.3 n/a Pass Pass

n/a: not analyzed
Pass: free to essentially free of visible particles, max 6000 particles 210pm /container, max 600

53 vparticles 225um /container



1 27.2 99.6 0.4 6.0 72.3 Pass Pass 2-8C 1 27.1 99.7 0.3 6.1 n/a Pass Pass 227.099.50.55.874.0
Pass Pass 3 27.099.50.56.2 69.8 Pass Pass 25C 1 n/a 997 0.4 6.2 n/a Pass Pass 2 n/a 99.5
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Claims

1. A formulation comprising:
15mg/mL of a humanized B-Ly1 antibody,
20 mM L-histidine,
optionally 0.001 to 1% w/v of a surfactant,
at pH 6.0;
or
10mg/mL of a humanized B-Ly1 antibody,
0.02% potysorbate 20 w/v,
20 mM L-histidine, and
240 mM trehalose,
at pH 6.0;
or
25mg/mL of a humanized B-Ly]1 antibody,
0.02% polysorbate 20 w/v,
20 mM L-histidine, and
240 mM trehalose,
at pH 6.0;



0.55.4 66.2 Pass Pass 3 n/al99.50.55.9 68.6 Pass Pass 40C 1 n/al99.6 0.4 5.4 70.6 Pass Pass
2n/a99.4 0.6 5.4 70.1 Pass Pass 3 n/a99.3 0.7 6.3 n/a Pass Pass n/a: not analyzed Pass: free to
essentially free of visible particles, max 6000 particles ?.10pm /container, max 600 5 particles -.25pm

/container - 42 - Claims 43

or
25mg/mL of a humanized B-Lyl antibody,
0.02% Poloxameri88™ w/v,
20 mM L-histidine, and
240mM trehalose,
at pH 6.0;
or |
25mg/mL of a humanized B-Ly1 antibody,
0.01% Poloxamerl88™ wiv,
20 mM L-histidine, and
240mM trehalose,
at pH 6.0;
or
25mg/ml. of a humanized B-Ly!1 antibody,
0.1% Poloxamerl88™ w/v,
20 mM L-histidine, and
240mM irehalose,
at pH 6.0;
or
25mg/mL of a humanized B-Lyl antibody,
0.02% Polysorbate 80 w/v,
20 mM L-histidine, and



A formulation comprising: 15mg/mL of a humanized B-Lyl antibody, 20 mlY1 L-histidine, optionally
0.001 to 1% w/v of a surfactant, at pH 6.0; 10mg/mL of a humanized B-Lyl antibody, 0.02%
polysorbate 20 w/v, 20 rnM L-histidine, and 240 mM trehalose, at p1-1 6.0; Or 25mg/mL of a
humanized B-Lyl antibody, 0.02% polysorbate 20 w/v, 20 triM L-histidine, and 240 mM trehalose, at pH
6.0; - 43 - or 25mg/mL of a humanized 13-Lyl antibééy, 0.02% Poloxamerl88'TM w/v, 20 mM
L-histidine, and 248tWitethalesse, at pH 6.0; 25mg/mL of a humanized B-Lyl antibody, 0.01%
Poloxamerl8STM wyiy; 2@:mM L-histidine, and 240mM trehalose, at pH 6.0; or 25mg/mL of a
humanized B-Lyl antibody, 0.1% Poloxamerl88TM w/v, 20 mM L-histidine, and 240mM trehalose, at
pH 6.0; 25n14/mL of a humanized B-Lyl antibody, 0.02% Polysorbate 80 w/v, 20 mM L-histidine, and -
44 - 240mM trehaldse/rak plt 8uD0z&6MgMinofahumanized B-Lyl antibody, 0.1% Polysorbate 80
wlv, 20 mM Acetatg;and 240mMsirehalose, at pH 5.5; or 25mg/m1, of a humanized B-Lyl antibody,

0.1% Polysorbate 80 w/v, 20 mM Acetate, and 140mM Sodium chloride,
20 mM Acelate, and

240mM trehalose,

atpH 5.5
or

25mg/ml of a humanized B-Ly! antibody,

0.1% Polysorbate 80 wiy,

20 mM Acetate, and

140mM Sodium chloride,

at pH 5.5;
or

30mg/ml of a humanized B-Ly! antibody,

0.01% Poloxameri88™ wiv,

20 mM L-histidine, and

200mM trehalose,

at pH 6.5;
wherein said humanized B-Ly| antibody comprises a VH domain B-HH6 having the sequence
QVQLVQSGAEVEKPGSSVKVSCKASGYAFSYSWINWVRQAPGQGLEWMGRIFPGDGDTDY
NGKFRKGRVTITADKSTSTAYMELSSLRSEDTAVYY CARNVFDGYWLVYWGQGTLVTVSS
and a VL domain B-KX V1 having the sequence
DIVMTQTPLSLPVTPGEPASISCRSSKSLLHSNGITYLY WYLQKPGQSPQLLIYQMSNLVSGVP
DRFSGSGSGTDFTLKISRVEAEDVGVYYCAQNLELPYTFGGGTKVEIKRTV.

2. The formulation according to claim 1, wherein it is in a lyophilized {orm and comprises:
10mg/mlL. of said humanized B-Ly! antibody,
(.02% polysorbate 20 w/v,
20 mM L-histidine, and
240 mM trehalose,
at pH 6.0.

3. The formulation according to claim I, wherein it is in a liquid form and comprises:
2amg/mL of said humanized B-Ly1 antibody,
0.02% Poloxamerl88™ w/v,



at pH 5.5; or 30mg/mL of a humanized B-Lyl antibody, 0.01% PoloxamerlSSTM w/v, 20 mM
L-histidine, and 200mM trehalose, at pH 6.5; wherein said humanized B-Lyl antibody comprises a VI-1
domain B-HH6 having the sequence QVQLVQSGAEVKKPG SSVKVSCKASGYAFSYSWIN
WVRQAPGQGLEWMG RIFPG DGDTDY ‘
NGKFKGRVTITADKSTSTAYMELSSERSEDTAVY\?EARNVEDGYWEVYWGQGTLVTVSS and a VL
domain B-KV1 havfhgjthe-bieéfieneed
DIVMTQTPLSEPYIRGERASISCRSSKSLLISNGITYLYWYLQKPGQSPQLLIYQMSNLVSGVP
DRFSGSGSGTDET%(E%RVEAEDVGVYYCAQNLELPYTFGGGTKVELKRTV. 2. The formulation
according to claim %L} wherein it is in a lyophilized form and comprises: 10mg/mL of said humanized
B-Lyl antibody, 0.02% polysorbate 20 w/v, 20 mM L-histidine, and 240 mM trehalose, at pH 6.0. 3. The
formulation according do:claim:diovbereinn is ineoliguitttonm land comprisgar2bmg/mL of said
humanized B-Lyl antibody, 0.02% P m MW/, - 45 - 20 mN4 L-histidine, and 240mN4
trehalose, at p14 énﬁé? ?ﬁggué%gpfgr%%f@ﬁlgﬁ%gglé%}j]i}ér\:%\é%%egﬁ% one of claims Ito 3 for the preparation of
a medicament useful for CD20-related treating diseases. 5. The use according to claim 4, wherein the
disease is sglectedifram thegiop eRnsisting:af breastcancercolorestaheaneercnnistsmall cell lung
cancer (NSCLC) alg_gag{rostate canc

cancer, ¢0 SN cancer, non-small cell lung cancer (NSCLC) and prostate cancer.



