Combi nation therapy of an afucosyl ated CD20 anti body wi th fl udarabi ne

and/ or mtoxantrone The present invention is directed to the conbination

t her apy oWoantiafisesyl at ed CD20 anti body wit h fl udar abi reT@aPAd§10/004940

m t oxantrone for the treatnent of cancer. Background of the Invention

5Af ucosyl ated anti bodi es Cell -nedi ated effector functions of nonocl onal

anti bodi es can be enhanced by engi neering their oligosaccharide conponent

as described in Umfia, P., et al., Nature Biotechnol. 17 (1999) 176-180

and US 6,602,684. 1gGlL type anti bodies, the nost commonly used anti bodi es

i n cancer i nmmunot herapy, are glycoproteins that 10 have a conserved
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163 (1998) 59- 76; ight, A and Mrrison, S. L., Trends Biotechnol. 15

(1997) 26-32).. Umlia,  P., et al.. Nature Biotechnol. 17 (1999) 176-180 and
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CD20 ant i bogg,eWright, A, and Morrison, S.L., Trends Biotechnol. 15 (1997) 26-32). Umatla,
P., et al.. Nature Biotechnol. 17 (1999) 176-180 and W(01999/54342 showed that
overexpression in Chinese hamster ovary (CHO) cells of £(1,4)-N-
acetylglucosaminyltransferase III ("GnTIII"), a glycosyltransferase catalyzing the
20 formation of bisected oligosaccharides, significantly increases the in vitro ADCC
activity of antibodies. Alterations in the composition of the N297 carbohydrate or
its elimination affect also binding to Fc binding to FcyR and Cl1q (Umaiia, P., et al,,
Nature Biotechnol. 17 (1999) 176-180; Davies, J., et al., Biotechnol. Bioeng. 74
(2001) 288-294; Mimura, Y., et al., J. Biol. Chem. 276 (2001) 45539-45547,
25 Radaev, S., et al., J. Biol. Chem. 276 (2001) 16478-16483; Shields, R.L., et al,, J.
Biol. Chem. 276 (2001) 6591-6604; Shields, R.L., et al., J. Biol. Chem. 277 (2002)
26733-26740; Simmons, L.C., et al., J. Immunol. Methods 263 (2002) 133-147).

Studies discussing the activities of afucosylated and fucosylated antibodies,
including anti-CD20 antibodies, have been reported (e.g., lida, S., et al., Clin.
30 Cancer Res. 12 (2006) 2879-2887; Natsume, A., et al., J. Inmunol. Methods 306
(2005) 93-103; Satoh, M., et al., Expert Opin. Biol. Ther. 6 (2006) 1161-1173; ;



The CD20 nol ecul e (al so call ed human B-1ynphocyte-restricted
differentiation 5 antigen or Bp35) is a hydrophobic transnmenbrane protein
| ocat ed owopna/@sz2ad mature B | ynphocytes that has beenPdegPrilomoso40
extensively (Valentine, MA, et al., J. Biol. Chem 264 (1989)
11282-11287; and Einfeld, D. A, et al.;2EMBOJ. 7 (1988) 711-717; Tedder,
T.F., et al., Proc. Natl. Acad. Sci. U S. A 85 (1988) 208- 212;

St anenkovic, 1., et al., J. Exp. Med. 167 (1988) 1975-1980; Tedder, T.F.,
et 10 al ., HandamYinoit.ali4Bictachsol) Biweng. 296 KF006ED0R0-688;elpries,séq evrnlgr eat er

than 90 % of;Rhfbl B Hgggi@m')ggg_ygp_horms (NHL) (Anderson, K C., et al.,
Bl ood 63 (1984) 1424- 14§3) ut is not found on hematopoietic stemcells,

pro-B cells, normal plasma cells, or other normal tissues (Tedder, T.F., et
al ., J, ImYGP&p.anf?S‘t(‘EP@Q)a“é‘f’?d'eé79). 15There exist two different types of
anti-CD20 anti bodies differing significantly in their node of CD20 bi nding
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rafts 1424-1433) but is not found on hematopoietic stem cells, pro-B cells, normal

plasma cells, or other normal tissues (Tedder, T.F., et al., J, Immunol. 135 (1985)

973- 979).

15 There exist two different types of anti-CD20 antibodies differing significantly in
their mode of CD20 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, e.g., rituximab (a non-afucosylated antibody with an amount
of fucose of 85 % or higher), are potent in complement mediated cytotoxicity.

20 Type II antibodies, as e.g. Tositumomab (B1), 11B8, AT80 or humanized B-Lyl
antibodies, effectively initiate target cell death via caspase-independent apoptosis

with concomitant phosphatidylserine exposure.

The sharing common features of type I and type II anti-CD20 antibodies are

summarized in Table 1.



Do not localize CD20 to lipid rafts Increased CDC (if 1gGl isotype)
Decreased CDC (if 1gGl isotype) ADCC activity (if 1gGl isotype) ADCC
activity wofoiig®225sot ype) Full bindi ng capacity Reduce@#Chinrdémgotapaci ty
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Fl udar abi ne or mtoxantrone Fludarabine is
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Localize CD20 to lipid rafts Do not localize CD20 to lipid rafts

Increased CDC (if IgG1 isotype) Decreased CDC (if IgG1 isotype)

ADCC activity (if IgG1 isotype) ADCC activity (if IgG1 isotype)

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

Fludarabine or mitoxantrone

Fludarabine is [(2R,3R,4S,5R)-5-(6-amino-2-fluoro-purin-9-yl)- 3,4-dihydroxy-

5 oxolan-2-ylmethoxyphosphonic acid. It is DNA precursors/antimetabolites and
functions as halogenated ribonucleotide reductase inhibitor. Fludarabine or
fludarabine phosphate (Fludara) is a chemotherapy drug used in the treatment of
hematological malignancies (Rai, K.R. et al.,, N. Engl. J. Med. 343 (2000) 1750-
1757)..

10 Mitoxantrone is  1,4-dihydroxy-5,8-bis[2-(2-hydroxyethylamino)ethylamino]-
anthracene-9,10-dione. It is an Anthracenedione (not an anthracycline) agent. It is
used in the treatment of certain types of cancer, mostly metastatic breast cancer,
acute myeloid leukemia, and non-Hodgkin's lymphoma and multiple sclerosis
(MS)a. Mitoxantrone is a type II topoisomerase inhibitor; it disrupts DNA

15 synthesis and DNA repair in both healthy cells and cancer cells.

There have been reports of preclinical and/or clinical studies using the combination
of fludarabine and/or mitoxantrone with rituximab (Tempescul, A., et al., (2009)
Ann. Hematol. 88: 85-88; Tobinai, K., et al., Cancer Sci. 100 (2009) 1951-1956).
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One aspect of the invention is a method of treatment of patient suffering from

cancer by administering an afucosylated anti-CD20 antibody with an amount of

fucose of 60 % or less of the total amount of oligosaccharides (sugars) at Asn297,

in combination with fludarabine and/or mitoxantrone, to a patient in the need of
15 such treatment.

Another aspect of the invention is an afucosylated anti-CD20 antibody with an
amount of fucose of 60 % or less of the total amount of oligosaccharides (sugars) at
Asn297, for the treatment of cancer in combination with fludarabine and/or

mitoxantrone.

20 In one embodiment, the amount of fucose is between 40 % and 60 % of the total

amount of oligosaccharides (sugars) at Asn297.

In another embodiment, the amount of fucose is 0% of the the total amount of

oligosaccharides (sugars) at Asn297.
In one embodiment, the afucosylated anti-CD20 antibody is an IgG1 antibody.

25 In another embodiment, said afucosylated anti-CD20 antibody is humanized B-Lyl
antibody, and said cancer is a CD20 expressing cancer, which in one embodiment
is a B-Cell Non-Hodgkin’s lymphoma (NHL).

In one embodiment, the afucosylated anti-CD20 antibody binds CD20 with an KD
of 10° M to 10" mol/l.

30 In one embodiment the treatment of cancer is in combination with fludarabine.



15such treatnent. Another aspect of the invention is an afucosyl ated
anti-CD20 anti body with an anount of fucose of 60 %or |ess of the total
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ol i gosacchari des (sugars) at Asn297. In another enbodi nent, the anount of
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10-9 Mto 1 one ‘enbodi ment the treatnent of cancer is in
conmbi dat i onc¥4lesh fludarabine. 5 - In one enbodinent the treatnment is
characterized in that the humani zed B-Lyl antibody is adm nistered in a

dosage of 80 dne &@BOdiFEneNthdayredin@ht Uig 0 BimbimitioRewath Jhid@rabine and
4-week-dosa%6e9-lc Clﬁ%’ .&nd fludarabine is adm nistered in a dosage of
20nmg/ n2 to ?fé’l"s T™f®day 1, 2 and 3 of up to six or seven 4-week-dosage-
5cycles. In one enbodi ment the treatnent is in conbination with fludarabine
and cycl ophbspiaembediment thedreatrbendiafemancarhie charactemzndt inghatcthe dwmanized
characterizgg 4jn i GaRHTRBa G aBidsige SMdPRAV6d | fyst eFeg thNn
dosage of 880 %oa%%gy%g%nﬁgggﬂeﬁ ofa up %eo@p_ ] 60(_)'51_11@%@}5; Etb

10 six or seven 3-to 4-week-dosage-cycles, fludarabine is administered in a dosage of
20mgm2 to 30 mg/ m” on day 1, 2 and 3 of up to six or seven 4-week-dosage-
cycles, and cyclophosphamide is administered in a dosage of 200 mg/m’ to

300 mg/ m” on day 1, 2 and 3 of up to six or seven 4-week-dosage-cycles.
In one embodiment the treatment of cancer is in combination with mitoxantrone.

15 In one embodiment the treatment of cancer is characterized in that one or more
additional other cytotoxic, chemotherapeutic or anti-cancer agents, or compounds

or ionizing radiation that enhance the effects of such agents are administered.

One embodiment of the invention is a composition comprising an anti-CD20
afucosylated antibody with an amount of fucose of 60 % or less, and fludarabine

20 and/or mitoxantrone (preferably fludarabine) for the treatment of cancer.

Detailed Description of the Invention

The invention comprises the use of an afucosylated anti-CD20 antibody (of I1gG1
or I1gG3 isotype, preferably of IgG1 isotype) with an amount of fucose of 60 % or
less of the total amount of oligosaccharides (sugars) at Asn297, for the manufacture
25 of a medicament for the treatment of cancer in combination with fludarabine and/or

mitoxantrone.

In one embodiment, the amount of fucose is between 40 % and 60 % of the total

amount of oligosaccharides (sugars) at Asn297.

The term "antibody" encompasses the various forms of antibodies including but not
30 being limited to whole antibodies, human antibodies, humanized antibodies and

genetically engineered antibodies like monoclonal antibodies, chimeric antibodies
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regions an segments encoding hdman immunoglobulin constant regions.
20 Other forms of "chimeric antibodies" encompassed by the present invention are
those in which the class or 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
25 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,

The 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

30 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; and Neuberger, M.S.,
et al., Nature 314 (1985) 268-270.

The term "human antibody", as used herein, is intended to include antibodies

35 having variable and constant regions derived from human germline
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kel | ar mannt BS sGnady BARARECH s BEahfilo £HPRREUSITHOTT s 1
t er mI'Sr econ¥iLrrggionp @idke eagombinapt antipdigseate isequsnees that, jwhile ed dramnc| ude

al | human agld Resit&so tHﬂﬁianaé@men%p?He%d Wﬁ&;%éﬁ&s, ﬁfa?%cﬁ%aﬂlrail?@x%ft ed by
reconbi nant ,angi,:hsuch as anti boﬂl es isolated froma host cell” such as a

NSO or CHO WENun the hpmanpatibody; gegmliperepertairgiid¥y- that is transgenic for
human i mmunogl obulin genes 10 or anti bodi es expressed using a reconbi nant
expressi on Xeotarhdreianht eairetbinding” ar fupséificatlyl bindughrefes eorthertdnding vfian
ant i bodi es Ve, . j.ahbl e_an S .0 deri.ved from human.germn i ne
rmunogl ool e AR @ dnterfile 5PAS s Blbe LRSI af GG dods O]

anti BOdi es plesmendiasgnange assay i(BlAenre,doEitealhésee Wppsab), Sotaddn) with purified

somatic hyp W L T , i §: t Vi 15 VL
regi ons of ?Ee rec%ﬁ]t errllémféaan@?g% ieﬂgga@g&géqﬁgﬁg_@é@?%g}? t&h%llﬁ Eagg%:ved

from and r efeasdat fo5 tharspciaeemet the agtipedydfram t ibpdyantigagmcorsienakur al | y
exi st W t hi @idsb&atiotreonsidiit), badyK g ¢k Tka) BihERE ok Rpé&fitdllyVbivi@ing means a

binding affinity (Kp) of 10°® mol/l or less, preferably 10° M to 10™"* mol/l. Thus, an
25 afucosylated antibody according to the invention is specifically binding to the

tumor antigen with a binding affinity (Kp) of 10°® mol/l or less, preferably 10° M
to 10" mol/l.

The term "nucleic acid molecule”, as used herein, is intended to include DNA
molecules and RNA molecules. A nucleic acid molecule may be single-stranded or
30 double-stranded, but preferably is double-stranded DNA.

The "constant domains” are not involved directly in binding the antibody to an
antigen but are involved in the effector functions (ADCC, complement binding,
and CDC).



As used herein, the term "binding" or "specifically binding" refers to the
bi ndi ng of the antibody to an epitope of the tunor antigen in an in vitro
assay, prebepdblig22sn an 20 pl asnon resonance assay (Bl ApOT&EP2@GEAONH®ad t hcar e
Uppsal a, Sweden) with purified wild-type antigen. The affinity of the
binding is defined by the terns ka (ratg-constant for the association of
the anti body fromthe anti body/antigen conplex), kc (dissociation
constant), and KD (1(D/'ka). Binding or specifically binding neans a bi ndi ng
affinity (KDe 6variebB region! (varidbds segipr ef erdight ¢ghdio (YL variab® k@iomodf 4. Thus,
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8 nt ere

or antlgen bin ort | when use In refer to the
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are determ ]frﬁ@% e C 5@ gd n u@l@c ma{tﬂ%eﬂl%%ﬁt%nqﬁlﬁsrﬁgﬁthso Bf @llealéﬁlb?&h%daal

Sequences 0 roteins of Inmuno og|ca terest i'c Heal th
Ser vi ce, NaMQ)ﬂaﬂm))r@ﬁfVOFEhoé@ restdugg OETha "IBeeresg ECIW (1991)) and/or those
residues froma "hypervariable | oop”. Fludarabine is

[ (2R 3R, 4S, Elmial’ébl(n@ AM[(ZR, 2Rf4|SUS:R)95-IQ@-Eihfh(92-)ﬂLIbTO §u14n-9i}}1)ld Bm‘-&ﬁlydroxy-
ore! 312 14 TS ISARRSRRUER 608 ot N PSP MR ROl
FI ud@babi nefunctiérisudiar hilbgenagdio siivate eftidal dadatases u&hlbntmrrmﬁlbéarabnynedpug used
" 45 SSSBRL OEA N  HRNE f Blnl T
wi th cycl opteegiplegicdemalignangies t(Rah &- Rde@té}he%e&;?@he‘ Medl. 378 (RO 75A- t he
treatment of797yd@hQRAkabRRNis used in various combinations with cyclophosphamide,
mitoxantrone, dexamethasone and rituximab in the treatment of indolent non-
30 Hodgkins lymphomas. As part of the FLAG regimen, fludarabine is used together
with cytarabine and granulocyte colony-stimulating factor in the treatment of acute
myeloid leukaemia. Because of its immunosuppressive effects, fludarabine is also
used in some conditioning regimens prior to non myeloablative allogeneic stem cell

transplant.



30 Hodgkins | ynphomas. As part of the FLAG regi nen, fludarabine is used
together with cytarabine and granul ocyte col ony-stinmulating factor in the
t r eat mrentwof2omausesnyel oi d | eukaem a. Because of its | MPOMEPAEPOH30 Ve
effects, fludarabine is also used in sonme conditioning reginens prior to
non nyel oabl ative all ogeneic stemcell_¢ransplant. 9
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(Raju, T.S., BioProcess Int. 1 (2003) 44-53). CHO type glycosyl ation of
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ol i gosacchari des of the Fe region at Asn297. In an alternative enbodi nent,

t he &@ount Bhe FEUomenbein@lsystemt’ha ‘BU guleat chegenedidly wied twhen referring to a
residue in an immunoglobulin heavy chain constant region (e.g., the EU index
reported in Kabat et al., Sequences of Proteins of Immunological Interest, 5th Ed.
Public Health Service, National Institutes of Health, Bethesda, MD (1991)

expressly incorporated herein by reference)..



10 Fe region at Asn297. According to the invention "anmpbunt of fucose" neans
the anobunt of said oligosaccharide (fucose) within the oligosaccharide
(sugar) oNei2n11Aat8Rsn297, related to the sumof all ol i gesaEPh@E0i004980
(sugars) attached to Asn 297 (e. g. conplex, hybrid and hi gh mannose
structures) neasured by MALDI - TOF nass jgpectronetry and cal cul ated as
average value (a detailed procedure to determ ne the 15 anount of fucose is
described e.g. in W?2008/077546). Furthernore in one enbodi nment, the
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feat ures antfosysyated anthodiny A SRoresiy e EgetigiseTag melids, p A5k e
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This gene egeadgso e 15| YBASCY ! @esiin) acayinbesi e i ahoBlhygsol e in

t he devel op REnt and di ation

fam |y msrerOZQ%I’ 06369,z edwoﬂﬁdjlﬂm(brron\g’cb?o@ﬁ/@éi"é} »of WR0P/Oféffer s.

Al tergpat i vemmzmwf s 200870184765 Ul T §SRO03/96540881S USR03 528Y45 whi ch
encode the sameop
w020 3/035835 WO02000/061739. These glycoengineered antibodies have an

increased ADCC. Other glycoengineering methods yielding afucosylated

antibodies according to the invention are described e.g. in Niwa, R., et al., J.
Immunol. Methods 306 (2005) 151-160; Shinkawa, T., et al., J. Biol. Chem. 278
35 (2003) 3466-3473; W003/055993 or US2005/0249722.



25The terns "CD20" and "CD20 antigen" are used interchangeably herein, and
i ncl ude any variants, isoforns and speci es honol ogs of human CD20 which are
nat ur al | ywexprigased by cells or are expressed on cells Pcampb@owedsi th t he
CD20 gene. Binding of an anti body of the invention to the CD20 anti gen

medi ate the killing of cells expressingiCD20 (e.g., a tunor cell) by

I nactivating CD20. The 30killing of the cells expressing CD20 may occur by
one or nore of the follow ng mechani snms: Cell death/apoptosis induction,
ADCCband CDrhus oi® 22pdct/of 1182 BiTonER2bd Ge0fiavidfucosyated dite CD20rantibody - CD20
ant i body" acc I n [ ant. [ : cificall
to CD20 ant Gdl 91%8% 1Q&y%é‘Y§£¥éé£’Jl6 0?%&1 {%g@ %%é Ei?éa]llg t|;lg§lln§§§té|IV|tlesy
of antl-CD2©DaﬂtwiIbda@samwrtth@f dmxe a |6Q% ot \iesst phetbe ototad namoart of

anti bodi es (it g chaddid (%v)(éb‘?s@'dt 2Rbo7 Gor theaphhaeuRSIf £ AedRa@mehstdrindi shed
accordi ng 5to Cragg Bl gtgd 103 (2004) 2738-2743; ?nd Cr agg

MS., et al treat‘BF@)‘o‘éf qameey 20@8’5‘ ‘E@‘;!FH‘ ™ degabine, grdéonmitpxateons. rF’F’B‘bert | es
of type | adfibddiment, kh@ﬁhbum&uéﬁ%nbeé&msn %P6 ahd 80 % oEEROtot tanfvasit es t ype

D20 1o |1 prRIFErIERB0al {92800 (o || pid rafts o e
CD20 ( also known as B-lymphocyte antigen CD20, B-lymphocyte surface antigen
B1, Leu-16, Bp35, BM5, and LF5; the sequence is characterized by the SwissProt
10 database entry P11836) is a hydrophobic transmembrane protein with a molecular
weight of approximately 35 kD located on pre-B and maturem B lymphocytes
(Valentine, M.A, et al., J. Biol. Chem. 264 (1989) 11282-11287,; Tedder, T.F., et
al., Proc. Natl. Acad. Sci. U.S.A. 85 (1988) 208-12; Stamenkovic, L., et al., J. Exp.
Med. 167 (1988) 1975-1980; Einfeld, D.A., et al., EMBO J. 7 (1988) 711-717,
15 Tedder, T.F., et al., J. Immunol. 142 (1989) 2560-2568). The corresponding human
gene is Membrane-spanning 4-domains, subfamily A, member 1, also known as
MS4AL1. This gene encodes a member of the membrane-spanning 4A gene family.
Members of this nascent protein family are characterized by common structural
features and similar intron/exon splice boundaries and display unique expression
20 patterns among hematopoietic cells and nonlymphoid tissues. This gene encodes
the B-lymphocyte surface molecule which plays a role in the development and
differentiation of B-cells into plasma cells. This family member is localized to
11q12, among a cluster of family members. Alternative splicing of this gene results

in two transcript variants which encode the same protein.

25 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
gene. Binding of an antibody of the invention to the CD20 antigen mediate the
killing of cells expressing CD20 (e.g., a tumor cell) by inactivating CD20. The

30 killing of the cells expressing CD20 may occur by one or more of the following
mechanisms: Cell death/apoptosis induction, ADCC and CDC.

Synonyms of CD20, as recognized in the art, include B-lymphocyte antigen CD20,
B-lymphocyte surface antigen B1, Leu-16, Bp35, BMS5, and LFS5.



Increased CDC (if 1gGlL isotype) Decreased CDC (if 1gGlL i sotype) ADCC
activity (if 1gGlL isotype) ADCC activity (if 1gGl isotype) Full binding
capaci ty Woadoodsi2zsndi ng capacity Honotypi ¢ aggr egat i on PET/EP2gO/004%800t ypi C
aggregati on Apoptosis induction upon cross- linking Strong cell death

I nduction w thout cross-linking Exanpll@gs of type Il anti-CD20 anti bodi es
I ncl ude e.g. humani zed B-Lyl antibody 10 1gGl (a chinmeric humani zed |1 gGL
anti body as disclosed in W20051044859), 11B8 1gGL (as disclosed in
W2004/ 0356 term antiC8XR0l g@bady” Feprding tothe yyention grani anGbody that binddli es of

the 19gGl i Sﬁirﬂ:&?i%al?)hqw EB3h Za%%%%l' Sb%:ﬁﬁn% Bfl%ﬁ&ltn 1¥1@§ C?!nh Bigid &PZO

ant i bodi es ve a decrease I sotype are to type

ant i bodi es #tivitigs qfanti-CB3P \antibodisEse @?@fﬁn{tlﬁ% ‘lWOaFMPieS cbzoti 3%od| es

Id ncl :Jde 3 gannrbbaiééz;gg Sir& fpel 19 5i- OB Antibbies) |<ﬁﬁ'ﬂ5€)dlst§1@51sgﬁﬁcoo cbﬁgré 2 and
i sclgsed in an an

102008/ 10308157388 43@?‘?%&% @Sﬂ’%)sg%‘sdﬁ%%ggf y et ar, B1sS

101 (2003) 1045-1051, see Table 2.

Table 2: Properties of type I and type II anti-CD20 antibodies

type 1 anti-CD20 antibodies type II anti-CD20 antibodies
type I CD20 epitope type II CD20 epitope
Localize CD20 to lipid rafts Do not localize CD20 to lipid rafts

Increased CDC (if IgG1 isotype) Decreased CDC (if IgG1 isotype)

ADCC activity (if IgG1 isotype) ADCC activity (if IgG1 isotype)
Full binding capacity Reduced binding capacity
Homotypic aggregation Stronger homotypic aggregation
Apoptosis induction upon cross- Strong cell death induction without
linking cross-linking

Examples of type II anti-CD20 antibodies include e.g. humanized B-Ly1 antibody

10 IgG1 (a chimeric humanized IgG1l antibody as disclosed in W02005/044859),
11B8 IgG1 (as disclosed in W02004/035607), and AT80 IgGl. Typically type II
anti-CD20 antibodies of the IgGl isotype show characteristic CDC properties.
Type II anti-CD20 antibodies have a decreased CDC (if IgG1 isotype) compared to
type I antibodies of the IgG1 isotype.

15 Examples of type I anti-CD20 antibodies include e.g. rituximab, HI47 IgG3
(ECACC, hybridoma), 2C6 IgG1 (as disclosed in WO2005/103081), 2F2 IgG1 (as
disclosed and W02004/035607 and W02005/103081) and 2H7 1gG1 (as disclosed
in WO2004/056312).

The afucosylated anti-CD20 antibodies according to the invention is in one
20 embodiment a type II anti-CD20 antibody, in another embodiment an afucosylated
humanized B-Lyl antibody.



The afucosyl ated anti-CD20 anti bodi es according to the invention is in one
20enbodi nent a type Il anti-CD20 anti body, in another enbodi nent an
af ucosyl aveaotwnsarszed B-Lyl antibody. - 13 - The af ucesyirRt@d/oatyué - CD20
anti bodi es according to the invention have an increased anti body dependent
cellular cytotoxicity (ADCC) unlike antii3--CD20 anti bodi es havi ng no reduced
fucose. By "afucosylated anti-CD20 anti body with i ncreased anti body
dependent cellular 5 cytotoxicity (ADCC)" is neant an afucosyl ated
anti - CD20 afiheé bafdyosylasedt hati-GR20n dngibddies nedohingeitn, theawivegtiomchiavasend ADCC

as determn S U t . i A KAl in
The art. onduleb sy QBpddie AR MRS AAHAC) ShlkE Uk ChR0,
assay uses atihpdieshaving nptieducgd udesown t o express the target antigen
10recogni zed by the antigen-binding region of the antibody; 2) the assay

uses hunan pgeripl@sahted!AQACHPO ARSI RAWith ShérSaseRRIMEBddy HgRhatftefiuam bl ood
of a random y chosen hea )'E,gg/ donor, gﬁg}[ﬁl}ect or 3) the assay

is carried BYPtoxKy {4 MSANtAR %ﬂt‘:'cgilolagéiboqy) a3 that (SBE ar e

|1§ ol at edduzﬂéf?legt lﬁ?eﬁiig,g ﬁadﬁlgs}léma@emﬂhoﬂ‘wgaltcilemmnml teacleyd ang suitiisle afxeth?(ri]
suspended, a X el.l's 4N u re . i i1). the

target cell En%v?rétogqg%o%?fdwg%(éfr] e ﬁ%s%gf euch Thie We‘flﬁ‘é@ehaqsﬁé)slﬁ & from

t he exponenfallwsgr omt h phase with a viability higher than 90 % washed in
RPM cell culture nedium |abeled with 100 mcro-Curies of 51Cr, washed

twice wth gplihe GULLULEsTRIEM M eIRNthat SESRRAE T | &k ?é%lslthe_uﬂa}%éﬁea BEhUM at a
density of 105 20cells/m ; “i1ji1). 100 mcroliters of the final target cell

suspefsi on Eseguzedy the aptiee bisdinggegign ot the1antiBedy o6-wel | nicrotiter
plate; iv) the antibody is serially-diluted from4000 ng/m to 0.04 ng/m
in cell cul2yee fety usesahemsO peiishiedhli Bloobs mdndnbelesesdlist (PBMEEY, iisidatyd

sol utions ape de o the 25tarqge l1s in_th 6-well mcrotiter plate,
testing in ﬁ??%ﬂ?%‘g?ttea VQE?IB sc@ﬁ% E%ag&?}yé%ﬂ%reﬁf th?(i?%rn%ﬂﬁ’overi ng the whol e
concentration range above;

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

i) the PBMC:s are isolated using standard density centrifugation procedures and are
15 suspended at 5 x 10° cells/ml in RPMI cell culture medium;

i1) 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 with 100 micro-Curies of 5'Cr, washed twice with cell

culture medium, and resuspended in cell culture medium at a density of 10°
20 cells/ml;

iii) 100 microliters of the final target cell suspension above are transferred to each

well of a 96-well microtiter plate;

iv) the antibody is serially-diluted from 4000 ng/ml to 0.04 ng/ml in cell culture
medium and 50 microliters of the resulting antibody solutions are added to the
25 target cells in the 96-well microtiter plate, testing in triplicate various antibody

concentrations covering the whole concentration range above;

v) for the maximum release (MR) controls, 3 additional wells in the plate
containing the labeled target cells, receive 50 microliters of a 2 % (VN) aqueous
solution of non-ionic detergent (Nonidet, Sigma, St. Louis), instead of the antibody

30 solution (point iv above);



v) for the maxinumrel ease (MR) controls, 3 additional wells in the plate
containing the | abeled target cells, receive 50 mcroliters of a 2 % (VN)
aqueous swbubinsf non-ioni c detergent (Nonidet, Si gnaPCSEP20100D4X)

i nstead of the antibody 30solution (point iv above); - 14 - vi) for the
spont aneous rel ease (SR) controls, 3 additional wells in the plate
containing the | abeled target cells, receive 50 mcroliters of RPM cell
culture nediuminstead of the antibody solution (point iv above);

vii) the O96vipefol the cspohiahesuspiedtase i(SR) hentrolsnBr addijeshl avellO ix the fpdate 1

m nute and d dtsit %t &gbla%le& tr}i}gg{ 8% Z}%:cewe 5?} r)nc?q%t%? chfokkgﬁrgellof:ulmg PBMC

suspensi on (poln
ef fector: tamgéltum:mSteadaf ﬂ”@ aptibody solutiondpoine ivodbwvels are placed in an
i ncubat or under 5 % CO2 at nosphere at 37 C for 4 hours; i X) the

cell-free swpﬁfuea@@weufm%tﬁapms{@hd tHefl dedfrMesdest 80 ght%r eXpfterngal 'y
10rel Sased radi o I's quantified uSing a gamma counter; x) the

Ly
per cenrt age ’(SIP“'%"FS %qulchqusr,é}‘?q,s cal cul ated for each antibody concent rat i on
according to the formula (ERRMR)/(MR-SR) x 100, where ER is the average
radi oact i vi viyi) §0anictdlited of ﬂmePBMmSusbmsabo@e)ntﬁ abovd)ate adidedhodych well

above) for Eneichkeboriio Ul ey At 330N g T biales “Le FEGAN Ber 2ge
r adi oact i vi ingubptemander é%@@eatpmsmethﬁb@\f@% haursit he SR controls (see
poi nt vi above); 4) "increased ADCC' is defined as either an increase in

the maxi MiMxHGhE QBN L s(?ﬁ)eﬁlﬁ%ﬁt fﬁ‘oﬁl Eyc‘ﬂ @eﬁtﬁ %Bﬁ%gtew dnldl the rPedbntangly
concentration r%r ge.tested ahove, a reduction in the concentration

of arni bodyreiedged rdipactvity éqBﬁg‘ ’r‘FQI“IS"‘&fa DY EOYA-SE num per cent age of

specific lysis observed wthin the anti body concentrati on range tested
above. The x)ntheepereeritiigeADCEpdcHfia Bisat isvealdubatéd dorAEXSE, antibady roedcattiation he

above assay Y, t r QEu e of
host cells, accgiﬁﬁ}ég ﬁghgafﬁems?a@g@/arﬁ@%)l gn% Q’rﬁ%ﬁ?g%% ﬂgﬁﬁg n‘é ation
and storag eradianidisy qudnitidied 4ses poitin ab@vet) ifoxs@atsmtiuoém Cpncqnltretlm,tMRbat

25t hat has g‘n@tavéf‘a e r%ggé{%@g d%%nﬁﬁﬁde g?bﬁlt%ag&eegrfsﬂtﬂew\/%m

GnTI L. Sai I ncrease can al ned coengi neering o? sai d
ant i BSdi es, PUiRtY abexp)s 2é§Bris éhesaYeaag@ar@@lpwwﬂaeqqan el Eee ot e aboye)

functions Oforlﬁﬁﬁ‘lgnbaﬂﬂ(l)]smlpbﬂﬂlveﬁbdl&) engi neering their oligosaccharide
conponent as described in Urrana P., et al., Nature Biotechnol. 17 (1999)

5420, o0 % e B AT R ER LRI A B
accor di ng taf speeifimiysist olmservied whbmmhesaanbedwf:omnmtmemngemd gboasur ed
preferably QYd/&hz?rédﬁlgg{)r{rﬁpﬁle%t)n@enﬂraﬁ&?[)f'ialilt%dwrequired to achieve one half of
20 the maximum percentage of specific lysis observed within the antibody
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 cells, using the same standard production, purification,
formulation and storage methods, which are known to those skilled in the art, but
25 that has not been produced by host cells engineered to overexpress GnTIII.

Said "increased ADCC" can be obtained by glycoengineering of said antibodies,
that means enhance said natural, cell-mediated effector functions of monoclonal
antibodies by engineering their oligosaccharide component as described in Umana,
P., et al., Nature Biotechnol. 17 (1999) 176-180 and US 6,602,684.

30 The term "complement-dependent cytotoxicity (CDC)" refers to lysis of human
tumor target cells by the antibody according to the invention in the presence of
complement. CDC is measured preferably by the treatment of a preparation of



- 15 - CD20 expressing cells with an anti-CD20 anti body according to the

I nvention in the presence of conplenent. CDCis found if the antibody

i nduces awoaotgnsestrati on of 100 nMthe lysis (cell de&CmEP2§102049%0 or nor e
of the tunor cells after 4 hours. The assay is perforned preferably with
51Cr or Eu labeled tunor cells 5 and_ngasurenent of released 51Cr or Eu.
Controls include the incubation of the tunor target cells with conpl enent
but w thout the antibody. The "rituxi mab" anti body (reference anti body;
exanpl e of @DRPp&ptessingicellOAthamt ald )20 antibodye Retdrdink|ty thmgmmeoedn

hi h 1
;n!t rE(r)LI; d:J SCPR%EH%&OES% Iﬂgmﬁgtnséﬁgﬁgoan{“p 1?091%6‘65“[1%9%/"%&&”9“ C antl body
cont ai ns hucmwcenfsation df K9nsVathe 1y tieHsdeath Oif§0|°/d@nmqf¢ off thy/tumas ogpe
"C2B8" in ﬁ?%E é%ﬁlﬁé?fﬁe(awg gﬁﬁom’?etd préferably WiHEWCQR E%Wébéleé—?mnéigc%ﬂs

assigned to ar mac oratlon RItUXIITB. I s approved for the

treat Rent ofndyEcARIEEeRt othreleaseths &d er Ev.cEonirals ing vwhgrlaa@a&fquﬁt Pcul ar,

CD20 posi ti NgnorBargel dells Mith-&vagEmenst Huy WahodRhe htibodyr o mechani sm of 15
action studi es have shown that rituxi nab exhi bits human

conpl enent - - de ‘endent cyt CDQ),..(Ref f e a 83(2
(1584) 435- Eg i MituXAb] 3 ﬁt"?‘i/(y Ere%éé%égﬁ ﬁt{bédgl Sﬁﬂwa%adrgta;%qel \&/I §/1I?t::l§9§ssa§/s)
t hat neasur mtmﬂybmdy-@egmaﬂymngmbﬂedl chimery¢ buman gatmyny ADOT)ine Ronstatmab i s

not af ucosy{i&kgq G ﬁ&mlpgqymﬁ BRHA arltbol gyaeé&e& daith mwé{mgb%egaﬂ at ed)

>85 % W1 d ucos yco- engl neer ed UITB.I’II ze
10 T 1s chimeric antlbody contams human gamma constant domams and is

identified by the name "C2B8" in US 5,736,137 (Andersen, et. al.) issued on
April 17, 1998, assigned to IDEC Pharmaceuticals Corporation. Rituximab is
approved for the treatment of patients with relapsed or refracting low-grade or
follicular, CD20 positive, B cell non-Hodgkin's lymphoma. In vitro mechanism of

15 action studies have shown that rituximab exhibits human complement--dependent
cytotoxicity (CDC) (Reff, M.E,, et. al., Blood 83(2) (1994) 435-445). Additionally,
it exhibits significant activity in assays that measure antibody-dependent cellular
cytotoxicity (ADCC). Rituximab is not afucosylated.

Antibody Amount of fucose
Rituximab (non- >85 %
afucosylated)
Wild type afucosylated >85 %

glyco-engineered
humanized B-Ly1 (B-
HH6-B-KV1) (non-
afucosylated)
afucosylated glyco- 45-50 %
engineered humanized B-
Lyl (B-HH6-B-KV1 GE)

20 The term “humanized B-Lyl antibody” refers to humanized B-Lyl antibody as
disclosed in W02005/044859 and W02007/031875, which were obtained from the
murine monoclonal anti-CD20 antibody B-Lyl (variable region of the murine
heavy chain (VH): SEQ ID NO: 1; variable region of the murine light chain (VL):
SEQ ID NO: 2- see Poppema, S. and Visser, L., Biotest Bulletin 3 (1987) 131-139)

25 by chimerization with a human constant domain from IgGl and following



HH6- B- KV1) (non- afucosyl ated) >85 % af ucosyl ated gl yco- engi neered

humani zed B- Lyl (B-HH6-B-KV1 GE) 45-50 % 20The term "hunmani zed B- Lyl

ant i body"wpebarmes12e humani zed B-Lyl antibody as di scl osedTinr200200%¢ 044859
and W2007/ 031875, which were obtained fromthe nurine nonocl onal anti-CD20
anti body B-Lyl (variable region of the jguri ne heavy chain (VH: SEQ I D NO
1; variable region of the murine light chain (VL): SEQ ID NO 2- see
Poppema, S. and Visser, L., Biotest Bulletin 3 (1987) 131-139) 25hby

chi meri zat i umawizdtion (eeerBW Q2005104485 andi W G209 034 &15)ankhesol ‘homianged - 16 -

humani zat i og_ eesmﬁp 044859 2007/ 7%). H i - Lyl

ant i bodi es"gaée di sc oés?%f:l ié\tr%degi;é?lﬁséﬁg \%2&%@@42@59\1&%26%%%0%@%75. In
one enbodi nBR2007HB 18A%nani zed B-Lyl anti body" has variable region of the 5
heavy chain (VH) selected fromgroup of SEQID NO 3 to SEQID NGO 20 (BHH2

to B-HH9 ang, BhdbRbb@inkntlthd “Alim¥uRize9 B-L41 drfbarid HA@%&Zﬁl@&é‘ggﬂ)of the one

speci fic enpodi nent, ch varjabl e domain, i | ected t

consi St ng BV (/bselestod Font egup pf SH D013 (0APAD NOFER. BB .
E— H][_B’ EI HLHr}]IQBohIﬂL-LHJQimdi B»H-l:,_&l% BfHM‘gﬂgﬂW@Z{h Y03 A48 591 an) ROOZV0TABE B3Y). 10
referably e "hunmapi ze - ant,i body" var.j a regi an, of l'i ght
chai n (VL) B SeedPPRRkarbgimg 06, 48(ble (Rl b S vBbB s R bl | O
one speci fi comsistiogiafe$eq. IDhNo! Burar, Hed 1B-18yandah$ i(Badi2, BaHH3, \BaHiHh| e

regi on of 1t Reyfigapvyas Mi(MHndoB AR §BEWEI008/dabs st Bnd v YIRAAH1844P59 and
W02007/ 0318 %I a’n% a \/aria%lenre i on _oé the I1ght chain (VL) of SEQ ID NO
20 10 Preferably the “humanized B-Lyl antibody” has variable region of the light chain

(VL) of SEQ ID NO: 20 (B-KV1 of W02005/044859 and W(02007/031875). In
one specific embodiment, the “humanized B-Ly1 antibody” has a variable region of
the heavy chain (VH) of SEQ ID NO: 7 (B-HH6 of WO02005/044859 and
W02007/031875) and a variable region of the light chain (VL) of SEQ ID NO: 20

15 (B-KV1 of WO02005/044859 and WO2007/031875). Furthermore in one
embodiment, the humanized B-Ly1 antibody is an IgG1 antibody. According to the
invention such afucosylated humanized B-Lyl antibodies are glycoengineered
(GE) in the Fc region according to the procedures described in W02005/044859,
W02004/065540, W02007/031875, Umana, P., et al., Nature Biotechnol. 17

20 (1999) 176-180 and WO1999/54342. In one embodiment, the afucosylated glyco-
engineered humanized B-Lyl is B-HH6-B-KV1 GE. Such glycoengineered
humanized B-Lyl antibodies have an altered pattern of glycosylation in the Fc
region, preferably having a reduced level of fucose residues. In one embodiment,
the amount of fucose is 60 % or less of the total amount of oligosaccharides at

25 Asn297 (in one embodiment the amount of fucose is between 40 % and 60 %, in
another embodiment the amount of fucose is 50 % or less, and in still another
embodiment the amount of fucose is 30 % or less). In another embodiment, the
oligosaccharides of the Fc region are bisected. These glycoengineered humanized
B-Lyl antibodies have an increased ADCC.

30 The oligosaccharide component can significantly affect properties relevant to the
efficacy of a therapeutic glycoprotein, including physical stability, resistance to
protease attack, interactions with the immune system, pharmacokinetics, and
specific biological activity. Such properties may depend not only on the presence
or absence, but also on the specific structures, of oligosaccharides. Some

35 generalizations between oligosaccharide structure and glycoprotein function can be
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Morrison, S.L., Trends Biotechnol. 15 (1997) 26-32). Typically, there is

30 heterogeneous processing of the core oligosaccharide structures attached at a
particular glycosylation site such that even monoclonal antibodies exist as muitiple
glycoforms. Likewise, it has been shown that major differences in 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,

35 Glycobiology 5(8) (1995) 813-822).
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30 The term “cancer” as used herein includes lymphomas, lymphocytic leukemias,
lung cancer, non small cell lung (NSCL) cancer, bronchioloalviolar cell lung
cancer, bone cancer, pancreatic cancer, skin cancer, cancer of the head or neck,
cutaneous or intraocular melanoma, uterine cancer, ovarian cancer, rectal cancer,
cancer of the anal region, stomach cancer, gastric cancer, colon cancer, breast

35 cancer, uterine cancer, carcinoma of the fallopian tubes, carcinoma of the
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25 Cleaved Cell Lymphomas/ Burkitt's lymphoma (including endemic Burkitt's
lymphoma, sporadic Burkitt's lymphoma and Non-Burkitt's lymphoma) c) marginal
zone lymphomas (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

30 (MCL), e) 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

35 leukémia (CLL)/ small lymphocytic lymphoma (SLL), B-cell prolymphocytic
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through a continuous infusion (one for the anti-CD20 antibody and eventually one
for fludarabine and/or mitoxantrone. When both therapeutic agents are
30 co-administered sequentially the dose is administered either on the same day in two
separate administrations, or one of the agents is administered on day 1 and the
second is co-administered on day 2 to day 7, preferably on day 2 to 4. Thus the
term “sequentially” means within 7 days after the dose of the first component
(fludarabine or mitoxantrone/ or CD20 antibody), preferably within 4 days after the
35 dose of the first component; and the term “simultaneously” means at the same time.



0.1-20 ng/ kg) of said afucosylated anti-CD20 anti body and 1 ps /kg to 50
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I n one enbodi nent the preferred dosage of said afucosyl ated anti-CD20

anti body (preferably the afucosyl ated-humani zed B-Lyl antibody) will be in
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30 administered.

In one embodiment, the dosage of said afucosylated anti-CD20 antibody (e.g., the
afucosylated humanized B-Ly1 antibody) will be 400 to 1200 mg e.g, 400 to 800
mg) on day 1 of up to six 4-week-dosage-cycles and the dosage of fludarabine
and/or mitoxantrone will be e.g. 20mg/m” to 30 mg/ m* (preferably 25 mg/ m?) on
35 day 1, 2 and 3 of up to six 4-week-dosage-cycles. Alternatively the preferred



or further dissemnation in such a patient suffering from cancer,
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increasing the duration of response, resulting in a statistically significant and
30 clinically meaningful improvement of the treated patient as measured by the
duration of survival, progression free survival, response rate or duration of
response. In a preferred embodiment, the medicament is useful for increasing the

response rate in a group of patients.



A preferred enbodi nent is the afucosylated anti-CD20 anti body with an
anmount of fucose is 60 %or |less (preferably the afucosyl ated humani zed
B- Lyl antwbaduyoigzzs 5 the treatnment of cancer in conbi RaTIEPR01Mi004940
fl udar abi ne and cycl ophospham de (CTX; e.g. cytoxan0). A preferred
enbodi ment is the afucosyl ated anti-CD2@-anti body with an anount of fucose
is 60 %or less (preferably the afucosyl ated humani zed B-Lyl anti body) for
t he manufacture of a nedi canent for the treatnent of cancer in conbination
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manuf act ur er, Where indicated by in vitro responses or responses in
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such ionizin jati.
? cLc ac1<§) derivatives, and similar, diverse antitumor agents. The following

other
25 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, docetaxel (e.g. taxotere®), aldesleukin, carboplatin, oxaliplatin,
30 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, mitotane, pegaspargase, pentostatin, pipobroman,
plicamycin, tamoxifen, teniposide, testolactone, thioguanine, thiotepa, uracil
35 mustard, vinorelbine, chlorambucil. Preferably the afucosylated anti-CD20



Radi ation therapy is a standard treatnment for controlling unresectable or
i noperabl e tunors and/or tunor netastases. Inproved results have been seen
when r adivwi0i2on/01825t her apy has been conbi ned wi t h chenoPh@mEepyLo/0RAde at i on
therapy is based on the principle that high-dose radiation delivered to a
target area will result in the death of4r.eproductive cells in both tunor
and normal tissues. The radiati on dosage reginen is generally defined in
ternms of radiation absorbed dose (Gy), tine and fractionation, and nust be
careful ly daﬁfti'bbeyl ind fhdambiel agd/st mildx@naomurbmbinatibh treatimghi 05 wepat i ent
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amount used in the absence of additional other agents.

20 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 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

25 method based on the in vitro responsiveness of the primary cultured malignant cells
or histocultured tissue sample, or the responses observed in the 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
30 afucosylated anti-CD20 antibody and fludarabine and/or mitoxantrone combination
treatment of CD20 expressing cancer. 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 beam radiation therapy (EBRT). When the source



5 dispersion nedia, coatings, antibacterial and antifungal agents, isotonic
and absorption del aying agents, and other materials and conpounds

conpat i bIwowntinigdzar maceut i cal adm ni strati on. Except i REDERROIAD0LAY
conventional nedia or agent is inconpatible with the active conmpound, use
thereof in the conpositions of the invesgtion is contenplated. Supplenentary
active conpounds can al so be 10i ncorporated into the conpositions.

Phar maceuti cal Conpositions: Pharnaceutical conpositions can be obtai ned by
processi ng éthadiatibh-1CMtemantd thedyatieny/the trbdtingat &beatied dnabhgthenaptyo(Bnt r one
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gl ycerol, vegetable oil and the like. Suitable carriers for suppositories
are, for exnmmhtéon thataply as astanhaddmaeﬂemifbxsqommidérgurfraest,abkemﬁincmeqahld or

liquid polyol.s andybDinhd ¢ta h&sP 6 sufi@ a&@smsge&mnqa&ana@reover
/o famdyofictartdies tshfs

contain preserva zers, wet tlng gen S,
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osnmotic pr ﬁtﬁ ed?édfrﬁ S-doseRdialibg d@g%}éé tPh tapb L dﬂm@sultm@lye &&ith al so
contain sti other th er peutlcglly val uabl e ubstan I.n enbodi nent, the
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amount of fwgﬁﬁéh isSgd@rdtbyodefined Sin (tprned 6f adalhanoaaatﬂomwmscyl(@y)edlmaand
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pharnaceutlc y acce e carrilers. present i nvention urt her
provi des a @ttganmf;@atbpdm anddhp extient @nwhléh dhe tumeyr hgg gpread. 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
20 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 combination treatment of the invention and radiation.
In other words, the inhibition of tumor growth by means of the agents comprising
the combination of the invention is enhanced when combined with radiation,
25 optionally with additional chemotherapeutic or anticancer agents. Parameters of

adjuvant radiation therapies are, for example, contained in W01999/60023.

The afucosylated anti-CD20 antibodies can be administered to a patient according
to known methods, e.g., by intravenous administration as a bolus or by continuous
infusion over a period of time, by intramuscular, intraperitoneal, intracerobrospinal,
30 subcutaneous, intra-articular, intrasynovial, or intrathecal routes. In one
embodiment, the administration of the antibody is intravenous or subcutaneous

administration.

Fludarabine and/or mitoxantrone is administered to a patient according to known
methods, e.g. by intravenous administration as a bolus or by continuous infusion

35 over a period of time, by intramuscular, intraperitoneal, intracerobrospinal,



in cancer, conprising (i) an effective first anount of an afucosyl ated
anti-CD20 5 anti body with an anount of fucose is 60 %or less (preferably
an afiicosgl2atiedsizamani zed B-Lyl antibody) , and (ii) amrCefffreemior®46econd
amount of fl udarabine and/or m toxantrone. Such conposition optionally
conprises pharnmaceutically acceptabl e-ggrriers and / or excipients.
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I ZN- t I of h
Co xS B AR S e R, Aot GREE] ErrbBBkRg ! g3y such =5
conposi t i onantibbdy landiar athxdambmddrxdfornntt@mmn@ mecoqulmgfterthisllyvemn with
f1 udar abi n %ha?lglg%#?ﬁlcﬁl'}lymaé&b abfe tlrm?éegl ng%? Gfgeaﬁﬁdcaﬁl?é}geuié%set Bemakdrtrepy! at ed

anti-CD20 a one urfher i nventi on,
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exanpl e, hyeitspwyaxes hfdts edemilsolié and Igpliditpotyols end ttep sikk.ePepeanding by -the
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di scl osed '@rﬁiﬁ‘éﬂg}’@tf&? Skaflp®e, "RERHT HA lsS%l)%%@Svégpét&blﬁdht laR@, thése. A Ed.
(1980). Sustali ned-rel ease préparat’i ongq g‘mi Fﬁi@ g Sui t abl e exanpl es

of sust ai neguitablg %@SHP%WP9§‘FW§ afey rlfdémg L Brrdengs 1S ¥@Xes sol i d
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f orm of shaped articles, filnms, or m crocapsul es. Exanpl es of
sust ai ned-r eas mat r i ce | ncl ude yester dro
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and poly-D-(-)-3-hydroxybutyric acid.

In embodiment, the composition comprisies both said afucosylated anti-CD20

antibody with an amount of fucose is 60 % or less (preferably said afucosylated

30 humanized B-Lyl antibody) and fludarabine and/or mitoxantrone (preferably
fludarabine) for use in the treatment of cancer, in particular of CD20 expressing
cancer (e.g., a B-Cell Non-Hodgkin’s lymphoma (NHL)).



The fornulations to be used for in vivo adm nistration nust be sterile.
This is readily acconplished by filtration through sterile filtration
menbr aneswo020filmaspsesent i nvention further provi des a meChamk2610/0049he
treatment of cancer, conprising admnistering to a patient in need of such
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conbi nati on preferably said humani zed B-Lyl antibody is admnistered in a

dosage of 8PhQcfRR d&gﬁ@ﬁ%&’ of tHf aflifh sy Rtedl 2htiOCDS @ URtbodtyt flone used in
4- week- dosagecycl es, rabi ne. i s adm ni stere% i.n a dosage of . 20ng/ n2 to

30 ngP np AO(dsRes SrithhfRe PEeSR/ InYSRUOD @5R, Piepared, fRy ‘§°’i?'ge3§’ fRXNg 2y seven
4- wleekh dos«gmmgay esavi &h@n?klkw mbg&eaaf Patitya v(Tgiﬂstaanwplhaemhcmawl;/%)) and
CyCl opnos am de, | S adm nl st er e 0

(br ef or abl yR38R s s doipsgperor oS B8fin s R Rmare Gy icteltis

4- week- dosabfeh cadities Qb Aorkd. I(y9$ﬂ})m,s1rameef(nma0fld)mhdrzedy®heul_’@tl(mm;br 8)).
1510 one erhafbiPUliuishl hABbABH olribkCokFBhis! 8r SRBNAEKCHEARM, [hal the

treat nent cancer Is In conblnation Wt udar abl ne an clop ospham de

(CTX15e. g. tepinisnametthedpsages ard copcenaionsicmpkayedy enkinclude bulfers Kk nat i on
preferably s@jsghdte, r@tMté eﬂld%tkéflorgdm hady; ahﬁoﬂdiﬂt@ln%hﬁlﬁx?jadcﬂrbﬁc gagage of 800

to 1600 ng on_day 1 o I X, 0or seve osage-c
f 1 udar abi nemie%}“%%’h‘? rﬂrg%eé‘%é‘de? zsuah aﬁd’%&ﬁg“‘b?théb Eﬁ"‘f‘&’ n‘)g“f rﬁff on day
1, 2 and 3 KéxathetHoRiueh khhihd&ﬁbﬁflalﬁkommkdbm&ge monettheniiopthiloridé;| phepblys an

dosage of - 2SN ARG pBRBeBY RIS FEANAT: thonsT pRAREE AIRESE 1 1 8
of uRlto siresocimbverrlchewamsit; dqma@aoycﬂnésm(anwﬂ)o new | molgtulgr amﬂ@tt(ieés dose on
Cycle 1 (day, )ai)outzﬁi &sﬁﬂ@s)eﬂm E’%{gﬁﬁgg pro@ind, fRhhedeRin hib8ALiAEMatlS or

characteri ze e t'real
lmmunoglobulms hydrophilic polymers such as polyvinylpyrrolidone; amino acids

such as glycine, glutamine, asparagine, histidine, arginine, or lysine;
monosaccharides, disaccharides, and other carbohydrates including glucose,

25 mannose, or dextrins; chelating agents such as EDTA; sugars such as sucrose,
mannitol, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal
complexes (e.g. Zn-protein complexes); and/or non-ionic surfactants such as
TWEEN™, PLURONICS™ or polyethylene glycol (PEG).

Pharmaceutical compositions of fludarabine and/or mitoxantrone (preferably
30 fludarabine) can be similar to those described above for the afucosylated anti-CD20
antibody.

In one further embodiment of the invention, afucosylated anti-CD20 antibody and
fludarabine and/or mitoxantrone are formulated into two separate pharmaceutical

compositions.



of cancer is in conbination with mtoxantrone only. As used herein, the
term"patient"” preferably refers to a human in need of treatnment with an
af ucosyl avecoantis22€D20 anti body (e.g. a patient sufferi RGTIRPRIN/GCDARA0
expressi ng cancer) for any purpose, and nore preferably a human in need of
such a 30 treatnent to treat cancer, -Qg-a precancerous condition or

| esi on. However, the term"patient" can also refer to non-human ani mal s,
preferably mammal s such as dogs, cats, horses, cows, pigs, sheep and

non- human prheratées ivgredigniot iney salso WO &ikppail 82 A5 REIFapRICH praparkdd for 30 -
The inventi the i f I - apt.i w th an
amount of . Qa3 gt g RIoERE o B MG MlbinefrEinr R eR A Ich

(pr ef er abl yhydroxjanethylneljuléssr oy gelatin-migrocapsalasnans poky- daedsdmethacydateh

conbi nat i onmpr&EBEAR VrSficivayTaR &itdidal Ldﬁ{lgaﬁ%livléﬂd%y.é@m@dgbﬁieﬁﬁlﬂbﬁg ina
dosage of 800 to 1600 my.on day 1 5 of up to six or Seven -tcl)

4- weeR- dos abRASETER-e s albPMif o MAIFTOBNGTES, o JHGROLRWSIERS,| N3Oy o dRFFIST 38fhg/ e to
30 rrg{( (rjn’z (M@E@fslamkyc()rzﬁ rﬂ@/roeaﬂalsi@fas.mh techiiqueslad diiclw(egtinoRgi)n;Kngwn'ﬁeven

4- week- dosage- cycl es tionally us~an extra e on (day , an

cycl ophospﬁgl'r‘ﬁ cer"g‘cﬁld%??ﬂcgﬁ Z%tgc?dﬁ}?naoa@sg‘ggdb@gggb ng/ n2 to 300 ny/ nP

(preferably 250 ng/ nR) on day 1, 2 and 3 of up to six or seven

4- week- dos afyestaingl-relgast @sepamatons madyl Ye preparedn Suitabla exemwlesrofGpstagmed- ( day
8)). Prefer Sgi | NALLEE sehipbtltable ThAAXANISORBEd | Ryd@BBhobi

enmbodi nent, t agea Sg%lgfy}?%tg lg%]i écﬁ% .antibaody wth an altrmu)rl\t glfw flc cose is
60 %I8r | esRolymerst eonipining e antiRadyy vdie malfess 3dinsths fomhaf b ¥Wpsd i s used
in the treajirt, efy. CRIRGSIorl Mi&oodPstiall BRawbled bf Ydasiabd-Ageaddmatrices

| oph ham 1 CTX; e.q. t . i pat | f bl
20 hunrani PEloR spresicrs myfiagels Yarcpianpls opbe Mot o xsRelACaBiS) §F 1600 my
03 day éL of palp(vimylslcahad)), pel\ymtiajast (iJSl-WéL@l@msagmlmcrlsexf,L-glutﬂjnicaaﬁid\ﬁQ |) S
admi ni stere on
day 12 angds BT B KA B Pen ent R Bk@llet acalily T2 0
an edfra doketioacidyglyelit gcithgomlymersrck@s dhe l&lﬂ%ﬁ@ﬁrﬁﬁ?@@ I dingeptabie st er ed
in a dosagempiroqfilredUédipdsed IH01HE 4Tkd-ERESIE R ¥opotImEB/andPuprdlidey 1, 2

and 3 of up to six or seven 4-weaks-dosagecycles (optionally plus an extra
dose on Cycistate) and pay D-(Pdchdrapybyptais afidii ucosyl at ed anti - CD20 ant i body
is a humani zed B-Lyl anti body.

The formulations to be used for in vivo administration must be sterile. This is

readily accomplished by filtration through sterile filtration membranes.

20 The present invention further provides a method for the treatment of cancer,
comprising administering to a patient in need of such treatment (i) an effective first
amount of an afucosylated anti-CD20 antibody with an amount of fucose is 60 %
or less, (preferably an afucosylated humanized B-Lyl antibody); and (ii) an

effective second amount of fludarabine and/or mitoxantrone.

25 In one embodiment, the amount of fucose of is between 40 % and 60 %.
Preferably said cancer is a CD20 expressing cancer.

Preferably said CD20 expressing cancer is a B-Cell Non-Hodgkin’s lymphoma
(NHL).

Preferably said afucosylated anti-CD20 antibody is a type II anti-CD20 antibody.

30 Preferably said antibody is a humanized B-Ly1 antibody.



Preferably the cancer is a CD20 expressing cancer, nore preferably a B-Cell
Non- 25 Hodgkin's |ynphoma (NHL). The foll owi ng exanpl es, sequence |isting,
and figurwe 2ari@1g226vi ded to aid the understandi ng of theCpmPs@aivoimventi on,
the true scope of which is set forth in the appended clains. It is
understood that nodifications can be nege in the procedures set forth

W t hout departing fromthe spirit of the invention. 30Sequence Listing -31
- amno acid sequence of variable region of the Iight chain (VL) of nurine
monocl onal Brreféralﬂgz)&@idammhddgd B-Lyll antitexl rio adwindstered e racdssagé of 400 éml e
region of t avy c h L Z 14D

B- HH9, BHLS{A%Oh Xﬁlfi% f&w{ %')x %%ﬁ%&g%ag Ezélesg%gsﬁ a‘%gbal(r‘lg g e regl on
of the ||ghmntohmtmn(eva)adanmht@mnmz@doggewf Qé)nmg/mdsn B0 gy m%é@r@fqr #lyon of
the Figures, dsﬁ@ Y 8n 84 1 (21881 36&%&{6%&4:&@@3@%@@@ tegat ment of an

af ucosyl at e pe arnt1-CD20 "ant | body (B-H M GE) with fludarabine (
in conparison wth combination

t uxi mab. ocus anti - CD20
anti bady) winong ‘F’H’é‘?ﬂ“&‘ﬁptméa‘grmetﬁ?p Etﬁﬁ%{?ﬁegb‘ﬁ Wﬁﬁtepﬁ%‘j tgﬁtet&%e(/e@ ment
monot her api gScarfcornty iﬁaédrﬁbﬁnaliorﬁwltafﬂmnmbhﬁ @dyt(yaewithou:tnhﬁeﬁﬁﬁ@nahtln body

I e abi et DB TR TN cHomprSRe B ESh Alphdy s Rl @B

unt r eat ed cdamage)lof\w()etontﬁ()@edlgtm d@;@% oanmm miaxt qnosxevcfl K210 é‘f\ms@dsmt‘ed type

I ant | - CD2 f“ﬁﬂy h er ed)
(1 p g)ﬁ Fl udar hgl ne @nﬁ%m y]@g%f%d%@h I n Zngﬁ%Cﬁlécel | s.
val uel for tomeferably @atrag/ Eb)wlr 64}’ é‘nﬁ& REHP® S1DOUSCYIhiwEsKrdnsagsr an

af ucosyl at eelycrlasp(% fibndytinCRROxlédeoRCY BG4 lneye yelopHEEphaedt 8- Ly| |

gl ycoengi neer ed) / toxantr / omoh,to 72h in
Gr ant a519 Neim@é%t?rsd lﬂ/gldﬁé%gef%%%@g% tp P 6‘6n€d’%@é\[§y%§‘§18}gﬁé’h)f’8 100%
Conbi nat i ond®f 1,ahamd Bloday t@tiedrisypm 4-veakidbsagbzclas (oftodylly BlsGnBXKY1 GE =
humani zed BsL I @ﬁf%é ?id%[{ﬁered) (1 1.1g/ml) and Mtoxantrone (0.25 pg/nl)

fromGCh to ells. Values for the untreated control were
nornmed to 100% _ ' o
15 In one embodiment, said method of treatment is characterized in that the treatment

of cancer is in combination with fludarabine and cyclophosphamide (CTX; e.g.
cytoxan®) only (i.e. without mitoxantrone). In such combination preferably said
humanized B-Ly1 antibody is administered in a dosage of 800 to 1600 mg on day 1
of up to six or seven 3-to 4-week-dosage-cycles, fludarabine is administered in a

20 dosage of 20mg/m2 to 30 mg/ m” on day 1, 2 and 3 of up to six or seven 4-week-
dosage-cycles (optionally plus an extra dose on Cycle 1 (day 8)), and
cyclophosphamide is administered in a dosage of 200 mg/m® to 300 mg/ m’
(preferably 250 mg/ m?) on day 1, 2 and 3 of up to six or seven 4-week-dosage-
cycles (optionally plus an extra dose on Cycle 1 (day 8)).

25 In one embodiment, said method of treatment is characterized in that the treatment

of cancer is in combination with mitoxantrone only.

As used herein, the term "patient" preferably refers to a human in need of treatment
with an afucosylated anti-CD20 antibody (e.g. a patient suffering from CD20
expressing cancer) for any purpose, and more preferably a human in need of such a
30  treatment to treat cancer, or a precancerous condition or lesion. However, the term
"patient" can also refer to non-human animals, preferably mammals such as dogs,

cats, horses, cows, pigs, sheep and non-human primates, among others.



- 32 - Experinental Procedures Exanple | (see Fig 11 In vivo
Antitunor activity of combined treatnent of an afucosylated type Il

Santi - CD2@oanti/diszty ( B- HH6- B-KV1 GE) with fludarabi ne Test/Ergenisssdype | |
anti-CD20 anti body B-HH6-B-KV1l GE (= humani zed B-Lyl , gl ycoengi neered

B- HH6- B- KV1, see W2005/ 044859 and W208(7L031875) was provi ded as stock
solution (c=9.4 ng/mM) fromdycArt, Schlieren, Switzerland. 10Anti body
buffer included histidine, trehal ose and pol ysorbat e 20. Antibody solution
was di | ut ed Bepimpnii@t dhghérncdBGrisesom sfuwokylited ti-GP20 nindibodyriwith an

P udar abi nepliospiat f,cbEL HIR ANLARIAR) RS BHECRBRE ok O R gfergranly

Gesel | schaf t*™9 I Ni'sc ezi al praparat e | andst
Hanbur g, GerfiusiagabirRy feri ysedn @hel treatmeet efcancedin ek ompinatiom areferably fatdr ed

stock sol uti |
7138 rr:mt :Jel C'?rﬁmﬁea% ﬂ:?[r%mody% hHministeed and d@bﬂg‘é@f@O@ﬁﬂ%Go @ESnda Ihuman

homa ce n I n lture
suppl efrent ecPfln 19 %) O%SF\fﬁ“ai; t‘b&v‘i"f—é‘ @%PW’(C&WA%L%’IHBH‘&F& iagg“mﬁuéég ' and 2
dosage of 20mg/m to 30 mg/ m’ (preferably 25 mg/ m 2Yonday 1, 2 and 3 of up to

six or seven 4-week-dosage-cycles (optionally plus an extra dose on (day 8)), and
cyclophosphamide is administered in a dosage of 200 mg/m’ to 300 mg/ m’
(preferably 250 mg/ m2) on day 1, 2 and 3 of up to six or seven 4-week-dosage-
10 cycles (optionally plus an extra dose on Cycle 1 (day 8)). Preferably said

combination is without mitoxantrone.

In one embodiment, the afucosylated anti-CD20 antibody with an amount of fucose
is 60 % or less (preferably the afucosylated humanized B-Lyl antibody) is used in
the treatment of cancer in combination with fludarabine and cyclophosphamide

15 (CTX; e.g. cytoxan®). In such combination preferably said humanized B-Lyl
antibody is administered in a dosage of 800 to 1600 mg on day 1 of up to six or
seven 3-to 4-week-dosage-cycles, fludarabine is administered in a dosage of
20mg/m” to 30 mg/ m” (preferably 25 mg/ m?) on day 1, 2 and 3 of up to six or
seven 4-week-dosage-cycles (optionally plus an extra dose on Cycle 1 (day 8)), and

20 cyclophosphamide is administered in a dosage of 200 mg/m® to 300 mg/ m’
(preferably 250 mg/ m?) on day 1, 2 and 3 of up to six or seven 4-weaks-dosage-
cycles (optionally plus an extra dose on Cycle 1 (day 8)).

Preferably said afucosylated anti-CD20 antibody is a humanized B-Ly1 antibody.

Preferably the cancer is a CD20 expressing cancer , more preferably a B-Cell Non-
25 Hodgkin’s lymphoma (NHL).

The following examples, sequence listing, 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 invention.

30 Sequence Listing

SEQIDNO: 1 amino acid sequence of variable region of the heavy chain
(VH) of murine monoclonal anti-CD20 antibody B-Ly1.



mM L-glutamne at 37C in a water-saturated atnosphere at 8 c/o CO2. Passage
2 20was used for transplantation. Cells were co-injected with Matrigel.

Ani mal s PeEoaba/@€2D bei ge m ce; age 4-5 weeks at arri valPCiprecihasoddo f r om
Charles River, Sulzfeld, Germany) were maintai ned under

speci fic-pat hogen-free condition with daily cycles of 12 h light /12 h
darkness according to commtted guidelines 25 (GV-ol as; Felasa; TierschG.
Experimental study protocol was reviewed and approved by | ocal governnent.
%Af t elr arri vaEQADMNOs 2ver e ananotagidnsadjuencet b veuzhlanegiae qiathe light tdheinani mal
acility for two weeks to : ehmt 53y for
observation. Continuous hegﬁ%aﬁoﬁﬁ?‘ﬁ‘gﬁﬁ‘&@é@e&ggﬁ%g%m on@?gglgijl ar basis.
Di et food (ISEQIRNQr 3pY 338mn0 apid sgavences gt varagle gegipn of thesheayy chain
30provided ad libitum - 3§H) dthihiafized B-HH ABtiSodIE @B-FOI2 todBHIO,di |y for
clinical synptons and dete Q’\‘Rg f){ rs LL cts. For nonitoring
throug%out t he experi nent g&){d@ fBgﬁ gﬁogﬁﬁ s was docunented two tines
weekl y and tSE@IDVOOu2e wasiniirasididestqhyneeal dfperriablet egidnsofatienigght Tahemt ment

of animals Animal treat mentyghafhgailed B fhRbay BIRQT sation 22 days

Description of the Figures

10 Figure 1 In vivo antitumor activity of combined treatment of an
afucosylated type II anti-CD20 antibody (B-HH6-B-KV1 GE)
with fludarabine ( in comparison with combination of rituximab
(= focusylated type I anti-CD20 antibody) with fludarabine and in
comparison with the respective monotherapies.

15 Figure 2 Combination of an afucosylated type II anti-CD20 antibody (B-
HH6-B-KV1 GE = humanized B-Ly1, glycoengineered) (1
pg/ml) and Fludarabine (0.25 pg/ml) from Oh to 72h in Recl
MCL cells. Values for the untreated control were normed to
100 %.

20 Figure 3 Combination of an afucosylated type II anti-CD20 antibody (B-
HH6-B-KV1 GE = humanized B-Ly1, glycoengineered) (1
pg/ml) and Fludarabine (0.25 pg/ml) from Oh to 72h in Z138
MCL cells. Values for the untreated control were normed to
100 %.

25 Figure 4 Combination of an afucosylated type II anti-CD20 antibody (B-
HH6-B-KV1 GE = humanized B-Lyl, glycoengineered) (1
pg/ml) and Mitoxantrone (0.5 pg/ml) from Oh to 72h in Granta-
519 MCL cells. Values for the untreated control were normed to
100 %.

30 Figure 5 Combination of an afucosylated type II anti-CD20 antibody (B-
HH6-B-KV1 GE = humanized B-Ly1, glycoengineered) (1
pg/ml) and Mitoxantrone (0.25 pg/ml) from Oh to 72h in Rec-1
MCL cells. Values for the untreated control were normed to
100 %.



i nocul ati on. Humani zed type Il anti-CD20 anti body B- HH6- B-KV1 CE or

Ri t uxi mab were adm ni stered as single agents i.v. g7d on study day 22 and
29 at 10 wbeoiwmdsrat ed dosage of 1 ng/ kg. The correspon@#CmgEPe@hiociser was
adm ni stered on the sane days. Fludarabine was given i.p. on day 22, 23,
24, and 25 at 40 ng/kg. In the conbi nat3pn therapy groups, the

chenot her apeuti c agent was adm nistered 8 hours after both anti bodies on
day 22. Tunor growth inhibition study in vivo (see Fig 1) 150n day 36 after

tunmor cel | iExpepiméntabhPrddedneeswas a tunor growt h inhibition of 50 % 60 %
85 % 86 %or 108 % (regression) in the animals given fludarabine,

rituxi mab, comnbination of rituximb and fludarabine, anti-CD20 antibody

B- HH6- B- KvIExzmple 1dseeiFigk)i on of anti- CD20 anti body and fl udar abi ne,

respectively, conpared to the control group. In the treatnent grouP W th
combi nat i on IBfvigpAntitemenactivigy pheybingd tfelaﬁ'&Sﬁ‘ta‘Ef Hoafugesylated typgd

ani mal § wer et OP20faneibody (BIABCIBK VE GE))with flRdai sbiheéss of tunor burden
(n=2) on day 43. Conclusions: These in vivo results denonstrate that the

afucosylatedF g e |l anti-CD20 antibody B-HH6-B-KV1 GE (= humani zed B-Lyl,
gl ycoengi neet® % E$MS conbi nation with 25t he chenot her apeuti cal conpound

Fl udar abi ne shows, f.Cl Moty Y B Mi14-BLEY 1 O G R Z436, %ﬁgaé - 34 -
Fllmaé n b' ol'l é’ra

Exanple 2 (s tro evaluation of 't he an r tiv

activity of giyxccwﬁgl@égydéi G-BeViy segnVi0200044513 asldyV Q 1 B7 X\waseE)
with fludarghR@ed®as HdcRXINHANR=9.4 mg/ml) from GlycArt, Schlieren, Switzerland.

10 Antibody buffer included histidine, trehalose and polysorbate 20. Antibody

solution was diluted appropriately in PBS from stock for prior injections.

Fludarabinephosphate (Fludarabinmedac) was purchased from medac, Gesellschaft

fur klinische Spezialprdparate mbH, Fehlandstr. 3, 20354 Hamburg, Germany.

Required dilutions were adjusted from the manufactured stock solution of 25
15 mg/ml.

Cell lines and culture conditions

The human Z138 mantle cell lymphoma cell line was routinely cultured in DMEM
supplemented with 10 % fetal bovine serum (PAA Laboratories, Austria) and 2
mM L-glutamine at 37°C in a water-saturated atmosphere at 8 % CO2. Passage 2

20 was used for transplantation. Cells were co-injected with Matrigel.

Animals

Female SCID beige mice; age 4-5 weeks at arrival (purchased from Charles River,
Sulzfeld, Germany) were maintained under specific-pathogen-free condition with
daily cycles of 12 h light /12 h darkness according to committed guidelines
25 (GV-olas; Felasa; TierschG). Experimental study protocol was reviewed and
approved by local government. After arrival animals were maintained in the
quarantine part of the animal facility for two weeks to get accustomed to new
environment and for observation. Continuous health monitoring was carried out on
regular basis. Diet food (Provimi Kliba 3337) and water (acidified pH 2.5-3) were
30 provided ad libitum.



Mat eri al and Met hods 5Characterization of the applied tunor cell lines The

fol |l ow ng Non-Hodgki n Lynphoma (NHL) cell lines were used in the

experi merwe:20GvmEs12a- 519, HBL-2, Rec-1 and Z-138 as Mant PeT@PR2é10/0949phona
cell lines and a Karpas-422 as a Diffuse Large B-Cell Lynphoma cell Iline.
Al'l cell lines were obtained fromthe -Bgutsche Samr ung von

M kr oor gani snen und 10Zel | kul turen GrbH' (DSMZ), Braunschwei g, Gernmany.
Cell culture conditions: Al cell lines were stored according to standard

procedur es avidnitutibgvated at 37C, 5 % CO2- and 95 %relative humdity in a
C®2 incubator. Granta 519, HBL-2, JeKo-1, Rec-1 and Z-138 were cultivated
i n RPM - 1640Ampuilumerd chntt@leth Aabt forlglimedt symenteas kg detectionopf adverse

Penicillin/ t fHiakh! bbdy MRELHR ! dnfRaRt AN USi ng
the trypan b Sg&ce q‘lé(gné O%%qm lhomeogx \é nsity d(;}% viah dgdélfél Iﬁlg v\gsgI

det er mi ned vocHMBRiER tHACHISS efreek)a/@élriltvmooéaof umpg &@mm?a;sur&ﬁahw&aéwebﬁ fhe
basis &f thetfdiypan bl ue cell exclusion nethod. The test is 20 based on the
principle that viable cells have an intact cell menbrane that bl ocks the
upt ake of tr an bl U wher as dead cells have lost this ability. Therefore
viable cells V'Be'ét Erent cyt opl asm wher eas dead cell's can be

| denti fi ed %{en;a? tgea%@tbét&wedcxe g@{]fbg%ﬁr\@%ﬁgggat hs2 ﬁgg@%ﬁ p%&egag% c

0.1vtm sterile ere
( PANTM Bi ot dobcutatiss)  Bamiagized | tybst Hepnérgla2t antlbody B-HH6-B-KV1 GE or

Rituximab were administered as single agents i.v. q7d on study day 22 and 29 at
10 the indicated dosage of 1mg/kg. The corresponding vehicle was administered on
the same days. Fludarabine was given i.p. on day 22, 23, 24, and 25 at 40 mg/kg. In
the combination therapy groups, the chemotherapeutic agent was administered 8

hours after both antibodies on day 22.

Tumor growth inhibition study in vivo (see Fig 1)

15 On day 36 after tumor cell inoculation, there was a tumor growth inhibition of
50 %, 60 %, 85 %, 86 % or 108 % (regression) in the animals given fludarabine,
rituximab, combination of rituximab and fludarabine, anti-CD20 antibody B-HH6-
B-KV1 GE or combination of anti-CD20 antibody and fludarabine, respectively,
compared to the control group. In the treatment group with combination of anti-

20 CD20 antibody and fludarabine even 3 out of 10 animals were tumor free or

showed a nearly complete loss of tumor burden (n=2) on day 43.

Conclusions:

These in vivo results demonstrate that the afucosylated type II anti-CD20 antibody
B-HH6-B-KV1 GE (= humanized B-Lyl, glycoengineered) in combination with

25 the chemotherapeutical compound Fludarabine shows more than additive activity
on NHL Z138 xenograft.



10.000 U Pen/m ; 10nmg Streptonycin/m; (PANTM Bi otech GrbH) Pipette Tips
1-200gl; 101-1000gl: Natural Graduated Pipette Tips, RNAse, DNAse, DNA und
Pyrogen fweepii(@sasl ab GrbH) RPM - 1640 L-d ut am ne wi t h PRTEPQI1L/ONMHCO3S,
sterile filtered, WD 2011/018225PCT/ EP2010/004940 - 35 - Vol . 500nt;
(PANTM Bi ot ech GnbH) Ti ssue Fl asks PE Venated Cap G een; 25, 75, 150 cn8;
(Sarstedt, Inc.) ViCel| TMAS Cell Viability Analyzer; BeckmanCoulter

Vi Cel | TMCl eani ng Agent Bi odegr adabl e, azi de-f reer eagent, cont ai nsa

Example 2 (see Fig 2 to 5)

In vitro evaluation of the antiproliferative activity of an afucosylated type Il
anti-CD20 antibody (B-HH6-B-KV1 GE) with fludarabine or mitoxantrone

Material and Methods
5 Characterization of the applied tumor cell lines

The following Non-Hodgkin Lymphoma (NHL) cell lines were used in the

experiments: Granta-519, HBL-2, Rec-1 and Z-138 as Mantle Cell Lymphoma cell

lines and a Karpas-422 as a Diffuse Large B-Cell Lymphoma cell line. All cell

lines were obtained from the “Deutsche Sammlung von Mikroorganismen und
10 Zellkulturen GmbH” (DSMZ), Braunschweig, Germany.

Cell culture conditions:

All cell lines were stored according to standard procedures and cultivated at 37°C,

5% CO2- and 95 % relative humidity in a CO2 incubator. Granta 519, HBL-2,

JeKo-1, Rec-1 and Z-138 were cultivated in RPMI-1640 medium with 10 % heat-
15 inactivated FCS and 1 % Penicillin/Streptomycin.

Determination of viability and proliferation using the trypan blue cell

exclusion method

The density of viable cells was determined with BeckmanCoulter ViCell™ Cell
Viability Analyzer on the basis of the trypan blue cell exclusion method. The test is
20 based on the principle that viable cells have an intact cell membrane that blocks the
uptake of trypan blue whereas dead cells have lost this ability. Therefore viable
cells have a transparent cytoplasm whereas dead cells can be identified due to their

blue cytoplasm.

25 Materials:

Fetal calf serum 0.1um sterile filtered, origin: South America, heat
inactivated at 56°C; (PAN™ Biotech GmbH)
Penicillin/Streptomycin | 10.000 U Pen/ml; 10mg Streptomycin/ml; (PAN™
Biotech GmbH)

Pipette Tips 1-200ul; 101-1000ul: Natural Graduated Pipette Tips,
RNAse, DNAse, DNA und Pyrogen free; (Starlab
GmbH)

RPMI-1640 L-Glutamine with 2.0 g/ NaHCOs, sterile filtered,




proteolytic enzyne, ViCell TMBuffer Solution Part # 383202 Vi-CellTM Trypan
Blue Part # 383200; 0.4 %in NaCl ViCeii TM Di si nfectant Part # 383201 Test
conmpoundswo 2BHHHS22B- KV1 CGE (= hunmani zed B- Lyl , gl ycoeng@Chna&Peed/004940

B- HH6- B- KV1, 5see W2005/ 044859 and W)2007/031875): Stock solution 10 ng/ m
(Roche, dycart) Conbinations partners3s- 1. Fl udar abi ne:
Stock solution 25 ng/mm in PBS, Medac GrbH 10(Wedel) 2. M toxantrone: Stock

solution 2 M Baxter Oncol-pgy Q@J:I)_Ex.p@r-t-ncem_al—pir—e{—eeel——‘

Vol. 500ml; (PAN™ Biotech GmbH)

Tissue Flasks PE Vented Cap Green; 25, 75, 150 cm3; (Sarstedt,
Inc.)

Vi-Cell™ AS Cell Viability Analyzer; BeckmanCoulter

Vi-Cell™ Cleaning | Biodegradable, azide-free reagent, contains a

Agent proteolytic enzyme,

Vi-Cell™ Buffer | Part # 383202

Solution

Vi-Cell™ Trypan Blue | Part # 383200; 0.4 % in NaCl

Vi-Cell™ Disinfectant | Part # 383201

Test compounds:

¢ B-HH6-B-KV1 GE (= humanized B-Lyl, glycoengineered B-HH6-B-KV1,
5 see W02005/044859 and WO2007/031875):
Stock solution 10 mg/ml (Roche, Glycart)

e Combinations partners
1. Fludarabine: Stock solution 25 mg/ml in PBS; Medac GmbH
10 (Wedel)
2. Mitoxantrone: Stock solution 2 mg/ml (Baxter Oncology
GmbH)

Experimental protocol:

15 Using a MCL cell line panel (Granta-519, HBL-2, Jeko-1, Rec-1 and Z-138) and a
Diffuse Large B-Cell Lymphoma cell line (Karpas-422) the effect of B-HH6-B-
KV1 GE alone as well as in combination with Fludarabine, Mitoxantrone on cell
proliferation and viability was determined. Trypan-blue exclusion tests were used

to analyze cell viability.

20 Briefly, MCL cells were diluted to a start density of 0.5 x 10%cells/ml in 6 ml total
volume corresponding to a total cell number of 3 x 10° cells and treated with 1
pg/ml B-HH6-B-KV1 GE in combination with the subsequent concentrations of
the chemotherapeutics Fludarabine or Mitoxantrone. These concentrations were

determined in pre-experiments on MCL cells

25 1. 0.25 pg/ml Fludarabine
2. 0.25 and 0.5 pg/ml Mitoxantrone



15Using a MCL cell |ine panel (G anta-519, HBL-2, Jeko-1, Rec-1 and Z-138)
and a Diffuse Large B-Cell Lynphoma cell |ine (Karpas-422) the effect of
B- HH6- BKWYOCGH11a118228 as wel | as in comnbi nation with Fl udacalxrae0/004940

M toxantrone on cell proliferation and viability was determ ned.

Trypan- bl ue exclusion tests were used t®sanal yze cell viability. 20Briefly,
MCL cells were diluted to a start density of 0.5 x 106cells/nm in 6 mnl
total volune corresponding to a total cell nunber of 3 x 106 cells and
treated with i birg{)m“afd—ldﬁexBaKm, 28k, #8h,ciahixvent daynan the nuinbes absiableent
concentrat 1 Qs Qlas AR n%HD’rﬁﬂeadrasHéa 6841l PriEaRiAPwaL udd R AiiaRal These
concentrati ons Wer e di -experi ment

0. 251Ag/ ml Firodist a;blcnthQn (syr@eglan@ 0,15 aggvtm effectotahtyGnls antagegism £ -y
sanpl es mr%faﬁﬁﬁerﬁﬂ &we?ezllhde bentl%zﬁkrﬁ)ﬁﬁa'tlﬁ@é/tlﬁlﬁﬁj the number of viable
cells was def e reduction of cell proliferation was used for a
fracti onal product cal cul ation (synergism> 0,1; additive effect

-0, 1<x20, 1; %‘??Prf@bni sm< - 0,1). Experinents Were independently perforned

three tines., S5Results: After [ mlL
Grant a- 519 TROEG: eéﬂ’ﬂf\‘){éedwftﬁggﬁﬂg% g%eﬁg i %/ Qsll 9GE%%(‘ #g@% cel |
reducti on, Rhowkd tBOhiheHsenditiviey (Bhintet &5 Esl ¢adl wdnetl(m; WResvie B Or4sy VdyBL - 2

(20-30 %, %ﬁé%;@%&%é@%ﬁf%&?m@@a 6r fbL V\%G(E@tsé %P 2438 Bhidaiphiam al one

resulted in a antrone eat nent

denonst r at ed 18- 18i%h Jekpdd® %h Flndaraking alqnﬁe@swl@é g5 30-4R% celbdeduction) . The
conbi pgti on \ﬂier&sHldﬁfoﬁaWéneGﬁemﬂeht tdemohSisNer al Hipha s onhanestliafded i ve

effects for all fnatlon resulting in 40-80 %cell reduction

( Fl udar abi néfogécf/" 819‘?51”%1?%? t oxantrone). 15Concl usions: These in vitro
results denonstrate that the afucosylated type Il anti-CD20 anti body

B- HH6- B- KV1 T8e c(omHinutmnidféﬂ}B{d_BLng}E/mmrtgé nspeade agents sidoverhaddatmveni t h

the chenot gge{ft%eg%olr it %ﬁﬁnﬁ)a(?%ﬁg ?esﬁit}ﬁ%alﬁl% §'@0/aQQ hédtug ﬁlﬁ&'ﬁaﬁh?)\’%d

prom si ng VIt ana rtrve 1 n’sone
cases). 20 85- 95%(M1toxantrone)

15 Conclusions:

These in vitro results demonstrate that the afucosylated type II anti-CD20 antibody
B-HH6-B-KV1 GE (= humanized B-Lyl, glycoengineered) in combination with
the chemotherapeutical compounds Fludarabine and Mitoxantrone shows

promising activity on NHL cell lines (e.g. more than additive in some cases).

20



WO 2011/ 018225PCT/ EP2010/ 004940 - 37 - Patent Clains |I. Use of an

af ucosyl ated anti-CD20 anti body with an anpbunt of fucose of 60 % or |ess of
t he t ot alwarmouwtis2s ol i gosacchari des (sugars) at Asn297 pCTmP2¢10004940

manuf acture of a medi canent for the treatnment of cancer in conbination
5wi t h fludarabi ne and/or mtoxantrone.-27-Use according to any one of
clains 1 to 2 characterized in that said cancer is a B-Cell Non-Hodgkin's

| ynphoma (NHL). 3. Use according to claiml, characterized in that said
antibody is a humani zed B-Lyl anti bRatynt @dmsUse according to claim 3,
characterized in that the treatnment of cancer is in conbination with

fl udarabine. 5 I 1 t e i t
humal oed B Lol i @g@f;ﬁf&'gl?%g&t@d GhAldD20 GRASRG! §Tth Z@0arhSurlt ARt R of

mnistered in a dosage of 800 tgﬂéﬁp% ng on
day 1 of up to sif® %rOTé@\?@ﬁt@‘P@lAm%@ko%wkgé’@@-cbﬁré‘?eé&“% at SRt abiThe i s
adm ni stered i n IpandasRearodt 2BichRehtfoBthefatright Off calityr ih, colntsinatioh of up
to six_or seven 4-.¥E§k-d§)sa$e-cf/ﬁgl es. § Use according to claim3,
characleri zed i n Yithtludasabipy aad/REIMORINNONGcer is in conbination with
fl udar abi ne and cycl ophospham de. 7. Use according to any one of clains 6
characteri zed 2n Useadccordmghtonanyi arecof20aimsllyto 2iohdraceyzeadsin dgtispidseascerd in a

dosage of 800 to. ) ) i r seven 3-to

4- mek-dosage-cyégggcgﬁﬁgrgﬁ e ?féwg@lnqrﬁ?@%%éd in a dosage of 20mg/n2 to
30 ng/ n2 on day 1, 2 and 3 of up to six or seven 4- week-dosage-cyc]es,
and cycl ophospbarf¥steacrerdigripmlaimel. sharaptegzehindhat sgid O%YSr?Qh‘{%Ba’E nmy/ ne
on day 1, 2 and 3.9fy1WRtibeysi X or seven 4-week- 25dosage-cycles. 8. Use
according to any oné of clains 1 to 3, characterized in that the treatnent

of Ca%: erts 5' C(?sréb a{c@g}dlmognto\,\élgitr}l 5’] c %%(a%?etnrz%(ril % that the treatment of cancer is in

combination with fludarabine.

5. Use according to claim 4 characterized in that the humanized B-Lyl
antibody is administered in a dosage of 800 to 1600 mg on day 1 of up to
six or seven 3-to 4-week-dosage-cycles, and fludarabine is administered in

15 a dosage of 20mg/m” to 30 mg/ m” onday 1,2 and 3 of up to six or seven

4-week-dosage-cycles.

6. Use according to claim 3, characterized in that the treatment of cancer is in

combination with fludarabine and cyclophosphamide.

7. Use according to any one of claims 6 characterized in that the humanized
20 B-Ly1 antibody is administered in a dosage of 800 to 1600 mg on day 1 of
up to six or seven 3-to 4-week-dosage-cycles, fludarabine is administered in
a dosage of 20mg/m” to 30 mg/ m? on day 1, 2 and 3 of up to six or seven 4-
week-dosage-cycles, and cyclophosphamide is administered in a dosage of
200 mgjm2 to 300 mg/ m” on day 1, 2 and 3 of up to six or seven 4-week-

25 dosage-cycles.

8. Use according to any one of claims 1 to 3, characterized in that the

treatment of cancer is in combination with mitoxantrone.

9. Use according to any one of claims 1 to 8, characterized in that one or more
additional other cytotoxic, chemotherapeutic or anti-cancer agents, or
30 compounds or ionizing radiation that enhance the effects of such agents are

administered.



9. Use according to any one of clains 1 to 8, characterized in that one or
nore additional other cytotoxic, chenotherapeutic or anti-cancer agents, or
30conpourni® 20r1/i18225zi ng radi ati on that enhance the effe®C3/ErRoOOCIY4@gENt S
are adm nistered. - 38 - 10. A conposition conprising an afucosyl ated
anti-CD20 anti body with an amount of fggase of 60 % or |ess of the total
anount of oligosaccharides (sugars) at Asn297 and fl udarabi ne and/ or

m toxantrone for the treatnent of cancer. 511. The conposition according to
cl ai m 10, chan@cAecinmamdition thaprisag dnanfucesydted asylGRDHY atiBéiyamithbady is a

humani zed B-Ly 1a1§5ﬁ11t bocfdﬁllmse of 60 % or less of the total amount of oligosaccharides
(sugars) at Asn297 and fludarabine and/or mitoxantrone for the treatment of

cancer.

5 11. The composition according to claim 10, characterized in that said anti-
afucosylated CD20 antibody is a humanized B-Ly1 antibody.



