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Mercaptopurine is used in the treatneat of acute |eukem as, |ynphonas,
rheumatoid arthritis, and inflammtory bowel disease, such as Crohn's
D sease and ul cerative colitis, respectively. Mercaptopurine has the
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NNIT N------ N H Azat hioprine is the nmain i nnnunosuppressi ve
cytotoxic substance. It is wdely used in transplantations to control

rej ecti orwoeacti2e09s. It i s nonenzymatically cleaved to ®CEFEPCEPIGIS i ne
that acts as a purine anal ogue and an inhibitor of DNA synthesis. By
preventing the clonal expansion of |ynphocytes in the induction phase of
the i nmune response, it affects both the cell and the hunoral immunity. It
al so susit€83D ghimeris ugRpRs.FeSesniant ofitb@impyact Azlaitiphopyté Deplbaen Pie té Dlckibw ng
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2013/ 034Q9pPCT/ EP2012/ 065904

Fludarabine as a therapy in the treatment of CLL was described in Montserrat et al., Chronic
lymphocytic leukemia treatment, Blood Review, Churchill Livingstone, vol. 7, no. 3 (1 Sept. 1993), but
does not suggest the antibody specific for CD19 in combination with fludrabine as exemplified herein.

The use of a CD19 antibody in B cell disorders is discussed in US2011104150, which is
incorporated by reference in its entirety, along with the cursory mention of fludarabine within a long
list of potential combination partners, but fails either to teach the exemplified antibody or to suggest
the synergistic effects of the combination in the treatment of non-Hodgkin’s lymphoma, chronic
lymphocytic leukemia and/or acute lymphoblastic leukemia as exemplified herein.

The use of a CD19 antibody in non-specific B cell lymphomas is discussed in
WQ02007076950, which is incorporated by reference in its entirety, along with the cursory mention of
fludarabine within a long list of potential combination partners, but fails either to teach the exemplified
antibody or suggest the synergistic effects of the combination in the treatment of non-Hodgkin’s
lymphoma, chronic lymphocytic leukemia and/or acute lymphoblastic leukemia as exemplified
herein.

The use of a CD19 antibody in leukemias and lymphomas is discussed in WO2005012493,
which is incorporated by reference in its entirety, along with the cursory mention of fludarabine within
a long list of potential combination partners, but fails either to teach the exemplified antibody or
suggest the synergistic effects of the combination in the treatment of non-Hodgkin’s lymphoma,
chronic lymphocytic leukemia and/or acute lymphoblastic leukemia as exemplified herein.

The use of a CD19 antibody in CLL, NHL and ALL is described in Scheuermann et al., CD19
Antigen in Leukemia and Lymphoma Diagnosis and Immunotherapy, Leukemia and Lymphoma, Vol.
18, 385-397 (1995), which is incorporated by reference in its entirety, but fails to suggest the
combination exemplified herein.

Additional antibodies specific for CD19 are described in W0O2005012493 (US7109304),
W02010053716 (US12/266,999) (Immunomedics); W02007002223 (US US8097703) (Medarex);
W02008022152 (12/377,251) and W0O2008150494 (Xencor), WO2008031056 (US11/852,106)
(Medimmune); WO 2007076950 (US 11/648,505 ) (Merck Patent GmbH); WO 2009/052431



DNA pol ynerase and and is S phase-specific (since these enzynes are highly
active during DNA replication). Fludarabine has the follow ng structure: N
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"VH' refers to the variable region of an innnnunogl obulin heavy chain of an
anti body, or antibody fragnment. "VL" refers to the variable region of the

i nnnnunogl obulin light chain of an antibody, or antibody fragnent.
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SI RGQPHISRHE RS VR NDN A R TRRAATISE UseRior (g ﬁycﬂl@rm?)o“ cancer.  *\NDR208"
is an anti-CD19 anti body. The am no acid sequence of the variable domains
is proyided in Figure 3. The am no acid sequence of the heavy and | i ght
chain PUM®&YVYons of MDR208 is provided in Figure 4. "MIR208" and " XmAb

5574" are use.dqeaaloﬁynonyirésmbmaﬁtﬁﬁ@delsbm prive agrUydetiheshomistitieffdcglisiase 3 and

4. The M) bod ri bed US pat ent a I |c tio rial nunber
1o 7y obBana g e S ERe P BirE L B s R SR
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by reference in its entiret pplication serial no.
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SCSCSGhER Tl %ﬁb@i@%@ﬁ@ﬁ@@%@@&l&% AMELISI Ve ybﬁgé@&%%ns the
ASWVCL LNNFYPREAKVONKVDNAL QSGNSQESVTEQDSKDSTYSLSSTL

EWH@W%WP?@E@“WSEQUWWN@ thg) same mechanism of action and should also behave

synergistically in the treatment of other B cell related disorders, e.g. ALL.
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Therefore, the combination of the exemplified antibody specific for CD19 and fludarabine



Ref mMAb33 is specific for RSV, and is used as isotype control, as it shares
the sanme Fc region as MOR208. A "conbi nati on" neans nore than one
item e.gvoaosapand such as an anti body and fl udar abi R€T/EP2012/065Phe
present disclosure also relates to conbi nations, pharnaceuticals, and
pharmaceutical conpositions containing the described conbi nations. The two
conponents of the synergistic conbination of the present invention, e.g.
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Al tern ght al so be formulated in different
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WO 2013/ 024095PCT/ EP2012/ 065904 Adm ni stered" or "admnistration’
i ncl ud@salegpthpsthapfludarahined to delivery by an injectable form such as, for

exanpl e, anaknkd AYeNPIHiR anrrtcrrarwgmrbbar andl Nt AaineIh 1 P bty tARE CUR oF AUS €
or aerosol for. i nhal ation

or nuc sal route, for ex as a nasal a

or as 3A'SVRY ameégvs%rou@% bec%?ﬁgm*@”drrea%”éighlé{ans having nan-Hadglkia s &mrheg1a v
ef f ect tmenianpmphocyd I@kemra)eucurdr eéuteqyﬁapmﬂas@@ |sukbmIics with @omBIENdN of any
suffici en{: tﬁ C’EH 2 all evi.ate f@gl %¥ arrest the clinical

mani f e8VEEPIRETEO%K agd gt & %ecﬂ' d6PH& and its conplications. The
anount that As $heeé>feeq11rf|edearﬁte®Da9 patidodg birals at specdipepitape @SS @ inbélevee frand
on the i h e i he i

gener aGEEs W e CulleBE AR ¥ glthitito 3RukRlos B b Gl e e
an appemwlae@ammagdwqmralﬁeoemm mwrstualiwqrandwatlmgahmemamegnam Hodgkiry
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clini caun@caremgs 8., fludarabinqthe " CDRs" her ein are defined by either Chothia
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for the hypervariable regions of | nnnnunogl obulTns.
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Sequences of Protej of I mmunol ogi cal | nterest ublication
no. 916§¥X¥GTB§FBéfd§EOdP N 1ah HeeA OMPB%RS%%@N\Q}‘@HTY SEileh
i's i ncaupay,ahedtoRe egibe bessRiehdd RMSNERSBI(BEQYD NO: 5), andQnQ_ﬁDFﬂmﬂéQ%hQﬁ means

t he abrlrt ot her ent. to interf

bi na naeaienes HeFLEYATE B NOT bl i fhigPiabith. oRetresnosshecls b Gtibigion s
conpet ubédver thiendiaingena sieon-Hddykinatlihptigmay chexiceyphpliceyidlecitenda aad'bi dnady  or

ot her @ g &%t g s able to interfere with the binding of another
antibo POPPBP ?&8”W5Iecule to CD19, and, therefore whether it can be said
to cross-conpete according to the invention, can be determ ned using
standard conpetition binding assays. One suitable assay involves the use of
t he Bi ore tech oIo (e.g. by using the Bl Acore 3000 instrunent (Biacore,
Uppsal Hﬁ%ﬁ) %h can neasure the extent of interactions using
surface pl asnmon resonance technol ogy. Anot her assay for measuring

cr oss- Eigwreli shgwadbs crintoricispidnis eldVIEHZ0d aod flugarabige atame anghp gompinetiesen f or
"epitoEE%pH@&|ng anti bodi es based upon their cross-conpetition is

descri in I'nternational Patent Application No. WO 2003/48731 The
term Fiﬁdré’l@eshowg@h&ﬁiﬁéc%& PERhSE Burded STt BaRbingfRal MoRSosSRRGIULE AbIMens ng
to an antibody or otherwise interacting with a nolecule. Epitopic

det er mMiént &¢! neral l'y consist of chenlcally active surface groupi ngs of
nmol ecul_es sych as am no acids or c oh d or._s i de chains and can
e SRS Bl LE ATRASH Senet 7L IbE TP et ITORIE " o et as
specific charge characteristics. An epltope may be ' Ilnear or
"conformational." The term"linear epitope"” refers to an epitope with al

of the points of interaction between the protein and the interacting

nol ecul e (such as an anti body) occur linearally along the primary am no
aci d sequence of the protein (continueus). The term "conformtional
epitope"” refers to an epitope in which discontinuous am no acids that cone
WO 2013/ 024095PCT/ EP2012/ 065904 t ogether in three di nensional conformation.
In a confornational eprtope the pornts of |nteract|on occur across am no



I n enbodi nents, the antibody specific for CD19 conprises an HCDR1 regi on of
sequence SYVVMH (SEQ ID Na: 1), an HCDR2 region of sequence NPYNDG (SEQ I D
Na: 2), awoHCDR24vegi on of sequence GIYYYGIRVFDY ( SEQ | PCRa&EP2®R/06304 LCDR1
regi on of sequence RSSKSLONVNGNTYLY (SEQ ID Na: 4), an LCDR2 region of
sequence RVBNLNS (SEQ I D Na: 5), and an LCDR3 region of sequence MMHLEYPIT
(SEQ I D Na: 6).. I n enbodi nents, the antibody specific for CD19
conpr i Fapradsaowatheantieazgid sérpiencodf théEc seipnat BIOR208.

EVQLVESGGGEL VKPGGSLKL SCAASGYTFTSYVMHAWRQAPGKGLEW GYI NPY
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| TFGAGTKLEI K (SEQ I D NO 11 ). I n enbodi nents, the antibody specific
f or CDEWuE® Bpshosesthe %\ﬂym@harqwth oh §teaMORE8RaF 1) oanct ¢ranbiraiige AMEIR208/FLU)
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RWSVLT NGKEY SNKAL PAPEEKT] KTKGQDREPQ\/YTLPPSRE MTKNOVSL
TCLVKGEVPS @N{\é?ﬂ%@?ﬁmf BFL YSKL TVDKSRWOQGNVFSCSVIVH

EALHNHYTQ(SLSLSPGK (SEQ ID NG 12) I n enbodi ments, the anti body
speci fic flor CD19 t‘@?ﬁf bses a.light chain constant domain of the sequence
RTVAAPSGHIBH FEREHp! A meENRﬂYPREAKVQ/\KVDNALQSG\ISQESVTEQDSKD

STYSL SSTLTLS&A@‘QEI(WW&@BWMR%@ th4rSEQekprda addve leffect of a
errbodl the urlne ana d L ) |Ln._enbodinent.s, . the
corrpongnq]é'ﬁ%t+ the cc')shber%ltl Sggg'tshe aﬁyﬁ%ggtm gff Cto agorp 7 taﬂl'gdgtﬁﬁﬁ'ﬁéd

f1 udar abiemeqy the enettubalis of Eher elcil.s6fereattal. yandl’(m MbbeaﬂabdiSHeﬁtng -Ghagdadrombi ne i s

admi ni %h 6r81‘f]capé%ﬁ£ E&gerﬁﬁéﬂt fgﬁt ér%"Cﬁh?GtQﬁze%"éuhB@ﬁ éf%g/hb{g:is?n Er‘&{ CD19.

I n enbodi nent's nbi na i on naceuti ca
enbodi AetagenismlieDagrinsRtindtion Stuskas: Pb@maael Reyd82abbe @a@f‘n\ehlch isincorporated

enbodi B?Fgféren&éﬁ.ﬁ .@%Hﬁ’e{}at Sé’é‘al‘sé Cﬂﬂl@ &'ét REGS i @X@Iﬁn&iaééld@aw&m

In an aspect the synergistic conbination of an antibo specl f or CD19
conpr i §N#¢SiaR tlllﬁ:miy pleypaiimettalcyiptedifcagesipyiM Ve SHae agh cRger @yd OWRT Mess,

region Bfﬁasﬁ@%t%ﬂﬁ@sé‘d'?m Kr&ﬁ@eh&d\QS 278 (1997) HhERis RS pRated b RIAENEAN its
GTYYYGIRVFDY of sequence RSSKSLONVNGNTYLY

( SEQ | BNiigesy- § aS%P W@M Fé@?%ﬁi E@FY@%a%ﬁe@bﬂmNm@f% SEAIFTCNERSSE) oW R an
LCDR3 wagh®inedr §@wdengfeM&;bE]YF§|éFm(e$}EQ ID NGO 6) and fl udarabi ne is able

t di at | ] f th f d
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r egi onaohrig@e) egivne EAFYRDEDIE BEGDH EdriNins Bjge sagmidGBRAallekgi on of sequence

Gr YYYGT YLY
Coeo | BoBR g beiabindkeaidl bEPR oE B o iR AR AR PR g 2
LCDR3 rasgpsiblefor bangingremespitgpé 6Pl antigSEQheDand@efedpd dmas EDBAACRABR randf@R3,he
treat I i d/ or
N e it R L R T g iU
WO 201@%@9&@@@ Erp0RRs eEgTiad thel Eameworkrregionshe Ay’ @m@b%im ﬁgg@entn@e@ns an

fol 11 il Akl YiBROATHR ST Ao PXABRRAC K1 ified HATRRATINICHUGARRSAR RAGH HoMhraple

| ynphoi d t1 ssue, i nal Zone, diffuse Bcell, Burkitt's, and mantle
cel | . heavy Or)-“(ﬁrdﬁt}‘\%kg g@*ﬂ?é'@)tea%ﬁ?ﬂt?'@'@@ Cgﬁﬁéﬂqg@”ﬁ"’oﬂ? ©8oNRg non- Hodgk| n's

| ynphons, Chfpgﬂrh&ar{a}’dg]bQﬁ){ﬁtlrﬁetél&iﬁlﬁe%@h@rﬂr@lic@'iheaéwbt%ré Mmi&lf&hélﬁ&ﬁrféshﬂéﬂésyﬂ a
in an | ndj wduahlnn rlses adm ni strat.i on of

an ant INSSRING YAk ihe %”%P'Séﬁi‘ﬁ%{hac'ﬁs Ederia '%ngﬂr S&H'RFP B BRORUINAYRPIAIES INPhe
met hod RNANghoaDNA bp diybstifuifg for ehed guin€RlSestdieprddeaivie and giie.r @ariohatdlogs

sequenc YVIVH on of S ence NPYN SEQ I D
o2 TR YRR R B N e s r VRIS S TR oM T

regi on of sequence RSSKSLONVNGNTYLY (SEQ I D NO 4), an LCDR2 regi on of
sequence RVMBNLNS (SEQ I D NO 5), and an LCDR3 region of sequence MMHLEYPIT
(SEQ ID NO 6). In enbodinents of the nethod, the purine analog is

fl udar abi ne. Exanples Exanple 1: Inhibition of proliferation of MEC-1 cells
usi ng MOR208 and fl udarabi ne al one and i n conbi nation Material s

MEC-1 cells: chronic B-cell |eukema cell |ine DSMZ# ACC497; Cell Medium

| scove's Modified Dul becco's Medium (IMDM with G utaMAXTm [nvitrogen, Cat
No. : 31980 048 20% FCS PBIVCs RPM 1640 WI t h stabl | e @ utam ne, PAN

™~ A PN NN o A PN T NS -~



The cytotoxicity of MOR208 and fl udarabi ne al one and in conbi nati on was
tested in MEC-1 cells. FLUis a purine analog, therefore, functions via

di rect cywoxpnoimyosn MEC-1 cells. MIR208 targets CD19 amdTamdémiocivad | y
functions via ADCCin killing MEC-1 cells. For the follow ng groups MEC 1
cell killing was neasured: FLU at 18pg/nil; MR208 at 66pm and the

conbi nati on of MIR208 at 66pm and FLU at 18pg/nm . These concentrations were
chosenpaseithieheayaeiroie@stirel tradt. tMeinEGdAlofoincivbERREaptopufitd Jazathioprind,n t he FLU
group ﬁUg NDﬁZO%ﬁEH% onbi nati on group, the MEC-1 cells were pre-incubated
with FEUPYEHNe2 ﬂzgg%??or to the ADCC assay measurenments. The MEC-1 cells
wer e st ai nefleusproguilnd ingsaed iCHiedeiatmeXiviot dnite leakemtiasg] lyanpdoadp Uubéwdatbid arthritis,

2X105/ P assays
vore_dantrRNEEaVS Readh Bhafar PRATE NEREs Al BaRill s, KBetREY. O

MEC- 1 N@IrGaptqnaBn%lh@etdeMDWWGISIructUWen 100pl1l cell suspension of PBIVCs was
added to WD 2013/.024095PCT/ EP2012/ 065904 each well resulting in an ET
ratio of 30: 1. Thﬁ anti bodies were diluted to 1pg/m in nmedium Cells were
centrifugkl and rg-suspended. To the target:effector cell-pellet 100pl
ant i body t] ccording control solution was added. The m xture was

i ncubat forj{4dh in -incubator at 37C. The ADCC neasurenents were taken
as foll tiHe inculbpted cell solution (-100pl) was transfered into FACS
t ubes and 0 buffer (DPBS + 3/0FCS) and 0,5 pl PI stock solution

was added to eac tube FACS— Cal i bur was used. Dead MEC-1 cells were

stained with |d|u odi de. Table 1 and Fiqure 1 show the raw dat a.
Table 1 6ﬁE'P fineng a'BHBWPﬁ‘PﬁHpR@ﬁ&? ot %WWS '&Erﬁ’i&?{ék‘?%ﬁ‘d”

Exper i wemdplahtdtibns o cbnB6l, rdRctivh rédctiorpar i memdnzymafsally d8add38 s48ercaptopurine
that acts as a purine analogue and an inhibitor of DNA synthesis. By preventing the clonal expansion
of lymphocytes in the induction phase of the immune response, it affects both the cell and the
humoral immunity. It also successfully suppresses autoimmunity. Azathioprine has the following

structure:
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Thioguanine used during early and/or late intensification therapy of childhood acute
lymphoblastic leukemia (ALL) while 6-mercaptopurine is mainly used at a different time point of
therapy, namely during maintenance treatment of ALL. Thioguanine has the following structure:

I\ll
A
H

Fludarabine or fludarabine phosphate (Fludara®) is a chemotherapy drug used in the
treatment of chronic lymphocytic leukemia and indolent non-Hodgkins lymphomas. Fludarabineis a
purine analog. Fludarabine inhibits DNA synthesis by interfering with ribonucleotide reductase and



46,9 Experinent 3 29,9 47,01 57,27 65, 63 The val ues represent %
dead cells. Each experinent represents PBMCs fromdifferent donors. The
cont ol usw0 2owo2Eperi ments 1 and 2 was Ref Mab33. The cenTmrRosesdosd or
Experinment 3, was PBMCs al one. Table 2 shows the raw data of Table 1
normal i zed for specific killing and the results of the Chou cal cul ations
done in the determ nation of synergism Table 2 Experinent 1 0,6 0,6 1,0
0, 03 EXpiypoiemdrage &hd/arld,id Shh@s®sBeciixgsindambinge @zymes are highly active during DNA

replication). Fludarabine has the following structure:
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“FLU” when used herein means fludarabine.

"VH" refers to the variable region of an immunoglobulin heavy chain of an antibody, or
antibody fragment. "VL" refers to the variable region of the immunoglobulin light chain of an antibody,
or antibody fragment.

The term “CD19” refers to the protein known as CD19, having the following synonyms: B4,
B-lymphocyte antigen CD19, B-lymphocyte surface antigen B4, CVID3, Differentiation antigen CD19,
MGC12802, and T-cell surface antigen Leu-12.

Human CD19 has the amino acid sequence of:
MPPPRLLFFLLFLTPMEVRPEEPLVVKVEEGDNAVLQCLKGTSDGPTQQLTWSRESPLKPFLKLSL
GLPGLGIHMRPLAIWLFIFNVSQQMGGFYLCQPGPPSEKAWQPGWTVNVEGSGELFRWNVSDLG
GLGCGLKNRSSEGPSSPSGKLMSPKLYVWAKDRPEIWEGEPPCLPPRDSLNQSLSQDLTMAPGS
TLWLSCGVPPDSVSRGPLSWTHVHPKGPKSLLSLELKDDRPARDMWVMETGLLLPRATAQDAGK
YYCHRGNLTMSFHLEITARPVLWHWLLRTGGWKVSAVTLAYLIFCLCSLVGILHLQRALVLRRKRK
RMTDPTRRFFKVTPPPGSGPQONQYGNVLSLPTPTSGLGRAQRWAAGLGGTAPSYGNPSSDVQA
DGALGSRSPPGVGPEEEEGEGYEEPDSEEDSEFYENDSNLGQDQLSQDGSGYENPEDEPLGPE
DEDSFSNAESYENEDEELTQPVARTMDFLSPHGSAWDPSREATSLGSQSYEDMRGILYAAPQLR
SIRGQPGPNHEEDADSYENMDNPDGPDPAWGGGGRMGTWSTR. (SEQ ID NO: 7)

“MOR208” is an anti-CD19 antibody. The amino acid sequence of the variable domains is
provided in Figure 3. The amino acid sequence of the heavy and light chain Fc regions of MOR208
is provided in Figure 4. “MOR208” and “XmAb 5574” are used as synonyms to describe the
antibody shown in Figures 3 and 4. The MOR208 antibody is described in US patent application
serial number 12/377,251, which is incorporated by reference in its entirety.

Additional antibodies specific for CD19 are described in US patent no. 7,109,304
(Immunomedics), which is incorporated by reference in its entirety; US application serial no.
11/917,750 (Medarex), which is incorporated by reference in its entirety; US application serial no.
11/852,106 (Medimmune), which is incorporated by reference in its entirety; US application serial no.



0,8 0,51,00,3 Average 0,7 0,5 1,0 0,2 The val ues shown in Table 2
are calculated as follows: 1) fromthe raw data (/0 dead cells) shown in
Tabl e 1, wbeotsackgsound (controls) were subtracted, res®CTiRPOI206390€
specific killing for each treatnment group; then 2) the specific killing

val ues were nornmalized by setting the conbination of MMR208 + FLU to 1. The
averages of Table 2 are depicted in Figure 5 Exanple ADCC dose WO

2013/ 024/895B0F (NERZOR 2NBEA04), mdRibas Bieorpuiravesoyusteterics it icer@inay USyptont no.

cal cul atj e-MR208 + FLU conbination are shown.in Fi e 2. ..
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A “combination” means more than one item, e.g. a compound such as an antibody and
fludarabine.

The present disclosure also relates to combinations, pharmaceuticals, and pharmaceutical
compositions containing the described combinations. The two components of the synergistic
combination of the present invention, e.g. the antibody specific for CD19 and fludarabine, may be
administered together, simultaneously or separately. When administered together, the two
components may be formulated together in one pharmaceutical composition, which may include a
pharmaceutical acceptable carrier or excipient. Alternatively the two components might also be
formulated in different pharmaceutical compositions. In this case the two components can be
administered simultaneously or subsequently. In an embodiment, fludarabine, is administered prior
to and/or separately from the administration of the antibody specific for CD19, e.g. MOR208.

A pharmaceutical composition includes an active agent, eg. an antibody for therapeutic use in

humans. A pharmaceutical composition may include acceptable carriers or excipients.
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“Cross competes” means the ability of an antibody or other binding agent to interfere with the
binding of other antibodies or binding agents to CD19 in a standard competitive binding assay. The
ability or extent to which an antibody or other binding agent is able to interfere with the binding of
another antibody or binding molecule to CD19, and, therefore whether it can be said to
cross-compete according to the invention, can be determined using standard competition binding
assays. One suitable assay involves the use of the Biacore technology (e.g. by using the BlAcore
3000 instrument (Biacore, Uppsala, Sweden)), which can measure the extent of interactions using
surface plasmon resonance technology. Another assay for measuring cross-competing uses an
ELISA-based approach. A high throughput process for "epitope binning" antibodies based upon
their cross-competition is described in International Patent Application No. WO 2003/48731

The term "epitope” includes any protein determinant capable of specific binding to an
antibody or otherwise interacting with a molecule. Epitopic determinants generally consist of
chemically active surface groupings of molecules such as amino acids or carbohydrate or sugar side
chains and can have specific three-dimensional structural characteristics, as well as specific charge
characteristics. An epitope may be "linear" or "conformational." The term "linear epitope" refers to
an epitope with all of the points of interaction between the protein and the interacting molecule (such
as an antibody) occur linearally along the primary amino acid sequence of the protein (continuous).
The term "conformational epitope” refers to an epitope in which discontinuous amino acids that come
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63 dayersdofetampldNtine & epABd¥BhS) be determined by e.g., concurrently synthesizing large

numbers of peptides on solid supports, the peptides corresponding to portions of the protein
molecule, and reacting the peptides with antibodies while the peptides are still attached to the
supports. Such techniques are known in the art and described in, e.g., U.S. Patent No. 4,708,871 ;
Geysen et al, (1984) Proc. Natl. Acad. Sci. USA 8:3998-4002; Geysen et al, (1985) Proc. Natl. Acad.
Sci. USA 82:78-182; Geysen et al, (1986) Mol. Immunol. 23 :709-715. Similarly, conformational
epitopes are readily identified by determining spatial conformation of amino acids such as by, e.g.,
hydrogen/deuterium exchange, x-ray crystallography and two-dimensional nuclear magnetic
resonance. See, e.g., Epitope Mapping Protocols, supra. Antigenic regions of proteins can also be
identified using standard antigenicity and hydropathy plots, such as those calculated using, e.g., the
Omiga version 1.0 software program available from the Oxford Molecular Group. This computer
program employs the Hopp/Woods method, Hopp et al, (1981) Proc. Natl. Acad. Sci USA
78:3824-3828; for determining antigenicity profiles, and the Kyte-Doolittle technique, Kyte et al,
(1982) J.Mol. Biol. 157: 105-132; for hydropathy plots.

Embodiments

An aspect of the present disclosure comprises a combination of an antibody specific for CD19
and a purine analog for use in the treatment of non-Hodgkin’s lymphoma, chronic lymphocytic
leukemia and/or acute lymphoblastic leukemia. In embodiments, the combination is synergistic.

Herein, the combination of the exemplified anti-CD19 antibody and fludarabine behaved
synergistically in in vitro and in vivo models relevant to NHL and CLL. As both NHL and CLL are B
cell related disorders and CD19 is highly expressed on B-cells, the exemplified combination should
have the same mechanism of action and should also behave synergistically in the treatment of other
B cell related disorders, e.g. ALL. Therefore, the combination of the exemplified antibody specific
for CD19 and fludarabine will be effective in the treatment of humans in non-Hodgkin’s lymphoma,
chronic lymphocytic leukemia and/or acute lymphoblastic leukemia.

As the mechanism of action of fludarabine and other purine analogs are similar, in that purine
analogs interfere with the synthesis of nucleic acids, it is believed that synergy should also be seen
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Test Articles Dose (ng/kg) Treatnent Route and Schedul e 8 Fl udarabi ne 125
| P, QLDx5 8 Fludarabine 250 I P, QLDx5 8 MDR208 f>10 Dys 14*, 17*, 21*, 24,
28, 31, 380 20amdh28®58 Vehicle 1P, QLDx5 PCT/EP2012/065904

when treating humans having non-Hodgkin’s lymphoma, chronic lymphocytic leukemia and/or acute
lymphoblastic leukemia with a combination of the exemplified anti-CD19 antibody and a purine
analog other than fludarabine, e.g., mercaptopurine, azathioprine, and thioguanine.

As the exemplified anti-CD19 antibody and other anti-CD19 antibodies bind to the CD19
antigen, it is believed that synergy should also be seen when treating humans having non-Hodgkin’s
lymphoma, chronic lymphocytic leukemia and/or acute lymphoblastic leukemia with a combination of
any anti-CD19 antibody and a purine analog, where the anti-CD19 antibody is, for example,
described in US patent application serial number 12/377,251 (Xencor), W02005012493,
WQ02010053716 (Immunomedics); WO02007002223 (Medarex); W02008022152 (Xencor);
WQ02008031056 (Medimmune); WO 2007/076950 (Merck Patent GmbH); WO 2009/052431 (Seattle
Genetics); and W02010095031 (Glenmark Pharmaceuticals), all of which are incorporated by
reference in their entireties.

In embodiments, the antibody specific for CD19 comprises an antibody that cross-competes
with the antibody comprising an HCDR1 region of sequence SYVMH (SEQ ID NO: 1), an HCDR2
region of sequence NPYNDG (SEQ ID NO: 2), an HCDR3 region of sequence GTYYYGTRVFDY
(SEQ ID NO: 3), an LCDR1 region of sequence RSSKSLONVNGNTYLY (SEQ ID NO: 4), an LCDR2
region of sequence RMSNLNS (SEQ ID NO: 5), and an LCDR3 region of sequence MQHLEYPIT
(SEQ ID NO: 8).

In embodiments, the antibody specific for CD19 comprises an antibody that binds to the same
epitope as an antibody comprising an HCDR1 region of sequence SYVMH (SEQ ID NO: 1), an
HCDR2 region of sequence NPYNDG (SEQ ID NO: 2), an HCDRS3 region of sequence
GTYYYGTRVFDY (SEQ ID NO: 3), an LCDR1 region of sequence RSSKSLQNVNGNTYLY (SEQ ID
NO: 4), an LCDR2 region of sequence RMSNLNS (SEQ ID NO: 5), and an LCDRS3 region of
sequence MQHLEYPIT (SEQ ID NO: 6).

In embodiments, the antibody specific for CD19 comprises an HCDR1 region of sequence
SYVMH (SEQ ID NO: 1), an HCDR2 region of sequence NPYNDG (SEQ ID NO: 2), an HCDR3
region of sequence GTYYYGTRVFDY (SEQ ID NO: 3), an LCDR1 region of sequence
RSSKSLAQNVNGNTYLY (SEQ ID NO: 4), an LCDR2 region of sequence RMSNLNS (SEQ ID NO: 5),
and an LCDR3 region of sequence MQHLEYPIT (SEQ ID NO: 6)..

In embodiments, the antibody specific for CD19 comprises a variable heavy chain of the
sequence EVQLVESGGGLVKPGGSLKLSCAASGYTFTSYVMHWVRQAPGKGLEWIGYINPY
NDGTKYNEKFQGRVTISSDKSISTAYMELSSLRSEDTAMYYCARGTYYYGTRVFDYWG
QGTLVTVSS (SEQ ID NO: 10) and a variable light chain of the sequence
DIVMTQSPATLSLSPGERATLSCRSSKSLQNVNGNTYLYWFQQKPGQSPQLLIYR
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8 MOR208/ Fl udarabi ne 1->10/ 125 Dys 14*, 17*, 21*, 24, 28, 31, 35, and 38/
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In embodiments, the antibody specific for CD19 comprises a heavy chain constant domain of

the sequence

ASTKGPSVFPLAPSSKSTSGGTAALGCLVKD YFPEPVTVSWNSGALTSGVH
TFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVDKKVEPKSCDKTHTCPPCPAPELL
GGPDVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVQFNWYVDGVEVHNAKTKPREEQFNSTF
RVVSVLTVVHQDWLNGKEYKCKVSNKALPAPEEKTISKTKGQPREPQVYTLPPSREEMTKNQVSL
TCLVKGFYPSDIAVEWESNGQPENNYKTTPPMLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMH
EALHNHYTQKSLSLSPGK. (SEQ ID NO: 12)

In embodiments, the antibody specific for CD19 comprises a light chain constant domain of
the sequence
RTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQWKVDNALQSGNSQESVTEQDSKD
STYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPVTKSFNRGEC. (SEQ ID NO: 13)

In embodiments, the purine analog is fludarabine.

In embodiments, the components of the combination, the antibody specific for CD19 and
fludarabine, are administered separately. In an embodiment, fludarabine is administered prior to
administration of the antibody specific for CD19.

In embodiments the combination is a pharmaceutical composition. In embodiments, the
composition comprises an acceptable carrier. In embodiments, the combination is administered in
an effective amount.

In an aspect the synergistic combination of an antibody specific for CD19 comprising an
HCDR1 region of sequence SYVMH (SEQ ID NO: 1), an HCDR2 region of sequence NPYNDG (SEQ
ID NO: 2), an HCDR3 region of sequence GTYYYGTRVFDY (SEQ ID NO: 3), an LCDR1 region of
sequence RSSKSLQNVNGNTYLY (SEQ ID NO: 4), an LCDR2 region of sequence RMSNLNS (SEQ
ID NO: 5), and an LCDRS3 region of sequence MQHLEYPIT (SEQ ID NO: 6) and fludarabine is able to
mediate killing of MEC-1 cells by ADCC in the presence of isolated human PBMCs with an at least
two-fold, three-fold, four-fold, or five-fold better efficacy than fludarabine alone.

An aspect of the present disclosure comprises a synergistic combination of an antibody
specific for CD19 comprising an HCDR1 region of sequence SYVMH (SEQ ID NO: 1), an HCDR2
region of sequence NPYNDG (SEQ ID NO: 2), an HCDR3 region of sequence GTYYYGTRVFDY
(SEQ ID NO: 3), an LCDR1 region of sequence RSSKSLONVNGNTYLY (SEQ ID NO: 4), an LCDR2
region of sequence RMSNLNS (SEQ ID NO: 5), and an LCDR3 region of sequence MQHLEYPIT
(SEQ ID NO: 6) and fludarabine for the treatment of non-Hodgkin’s lymphoma, chronic lymphocytic
leukemia and/or acute lymphoblastic leukemia. In embodiments, the non-Hodgkin’s lymphoma is
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Control MIR208 10 ny/ kg Fl udarabine 125 ng/ kg Fl udarabi ne 250 ng/ kg
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2025 2560W028R3/02505G oup 3 4200 3179 864 2816 PCT/EP2012/065904

selected from the group consisting of follicular lymphoma, small lymphocytic lymphoma,
mucosa-associated lymphoid tissue, marginal zone, diffuse large B cell, Burkitt's, and mantle cell.

Another aspect comprises a method of treating non-Hodgkin’s lymphoma, chronic
lymphocytic leukemia and/or acute lymphoblastic leukemia in an individual in need thereof, which
method comprises administration of an antibody specific for CD19 and a purine analog. In
embodiments of the method, the antibody specific for CD19 comprises an HCDR1 region of
sequence SYVMH (SEQ ID NO: 1), an HCDR2 region of sequence NPYNDG (SEQ ID NO: 2), an
HCDRS region of sequence GTYYYGTRVFDY (SEQ ID NO: 3), an LCDR1 region of sequence
RSSKSLAQNVNGNTYLY (SEQ ID NO: 4), an LCDR2 region of sequence RMSNLNS (SEQ ID NO: 5),
and an LCDR3 region of sequence MQHLEYPIT (SEQ ID NO: 6). In embodiments of the method,
the purine analog is fludarabine.

Examples
Example 1: Inhibition of proliferation of MEC-1 cells using MOR208 and fludarabine alone and in

combination

Materials
MEC-1 cells: chronic B-cell leukemia cell line DSMZ# ACC497; Cell Medium: Iscove's

Modified Dulbecco's Medium (IMDM) with GlutaMAX™, Invitrogen, Cat No.: 31980-048, 20% FCS;
PBMCs: RPMI1640, with stabile Glutamine, PAN Biotech GmbH, Cat No.: P04-13500 supplemented
with 10% FCS; Biocoll: Biochrome AG CAT No.: L6115 LOT No.: 1050T; Fludarabine: Bayer, 25
mg/ml in ddH20, LOT No.: 9100ST; and RefmAb33 (anti-RSV) with same Fc region as MOR208.

Methods

The cytotoxicity of MOR208 and fludarabine alone and in combination was tested in MEC-1
cells. FLU is a purine analog, therefore, functions via direct cytoxicity in MEC-1 cells. MOR208
targets CD19 and additionally functions via ADCC in killing MEC-1 cells. For the following groups
MEC-1 cell killing was measured: FLU at 18ug/ml; MOR208 at 66pm and the combination of
MOR208 at 66pm and FLU at 18ug/ml. These concentrations were chosen as they are near or at
the EC50 for MOR208 and FLU.

In the FLU group and MOR208+FLU combination group, the MEC-1 cells were pre-incubated
with FLU for 72 hours prior to the ADCC assay measurements. The MEC-1 cells were stained
using 1mg/ml Calcein AM then counted and adjusted to 2X10°/ml. The PBMCs were counted and
adjusted to 6X10°%ml. The ADCC assays were done as follows: Using 96 well plates, a 100pl cell
suspension of MEC-1 cells was added per well, then 100ul cell suspension of PBMCs was added to
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WO 2013/024095 PCT/EP2012/065904

each well resulting in an E:T ratio of 30:1. The antibodies were diluted to 1pg/ml in medium. Cells
were centrifuged and re-suspended. To the target:effector cell-pellet 100ul antibody solution or
according control solution was added. The mixture was incubated for 4h in CO2-incubator at 37 °C.
The ADCC measurements were taken as follows: the incubated cell solution (~100pl) was transfered
into FACS tubes and 200ul FACS buffer (DPBS + 3%FCS) and 0,5 ul Pl stock solution was added to
each tube. FACS-Calibur was used. Dead MEC-1 cells were stained with propidium iodide.

Table 1 and Figure 1 show the raw data.

Table 1
control MOR208 66pm | FLU 18ug/ml FLU+MOR208
combination
Experiment 1 11 35,2 36,39 52,14
Experiment 2 19,5 29,8 38,48 46,9
Experiment 3 29,9 47,01 57,27 65,63

The values represent % dead cells. Each experiment represents PBMCs from different
donors. The contol used for Experiments 1 and 2 was RefMab33. The control used for Experiment
3, was PBMCs alone.

Table 2 shows the raw data of Table 1 normalized for specific killing and the results of the

Chou calculations done in the determination of synergism.

Table 2

Experiment 1 0,6 0,03

Experiment 2 0,7 0,4 1,0 0,3
Experiment 3 0,8 0,5 1,0 0,3
Average 0,7 0,5 1,0 0,2

The values shown in Table 2 are calculated as follows: 1) from the raw data (% dead cells)
shown in Table 1, the background (controls) were subtracted, resulting in the specific killing for each
treatment group; then 2) the specific killing values were normalized by setting the combination of
MOR208 + FLU to 1. The averages of Table 2 are depicted in Figure 5. Example ADCC dose
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response curves used in the Chou factor calculations of the MOR208 + FLU combination are shown

in Figure 2.

Chou Index (Cl) calculations were completed in order to determine synergy of the
combination of the exemplified anti-CD19 antibody and fludarabine as compared to MOR208 and
FLU alone. The calculations are described in Ting-Chao Chou, Theoretical Basis, Experimental
Design, and Computerized Simulation of Synergism and Antagonism in Drug Combination Studies,
Pharmacol Rev 58:621-681 (2006), which is incorporated by reference in its entirety and Chou TC,
Talalay P, Quantitative analysis of dose-effect relationships: the combined effects of multiple drugs or
enzyme inhibitors. Adv Enzyme Regul 22: 27-55 (1984), which is incorporated by reference in its

entirety. The methods of Chou-Talalay are carried out using the Cl-isobol method.

Median-effect equation

The median-effect equation models of the effect of an inhibitor (such as a drug) as
F./F, =(D/D50)"m, where D is the dose, F, and F, is the fraction of the system affected and
unaffected by the dose D (F, + F, = 1); D50 is the dose producing the median effect (e.g. IC50, ED50,
LD50). The constant m determines the shape of the dose-effect curve. We used Excel Fit software
to carry out a linear regression calculation to estimate the parameters m and D50.

The effects of the combination on MEC-1 cells is measured % cell death as described above.
We define the fraction F to be the ratio of % cell death of the treated cell line to the % cell death of the
cell line exposed to a control. That is:

F., =% cell death(treated cell line)/ % cell death (non-treated cell line)

Then the % cell death of a cell line is the constant D50 in the median effect equation, which

can be estimated by the linear regression described above.

Cl-isobol method
The Cl-isobol method provides a quantitative assessment of synergism between drugs. A

combination index (Cl) is estimated from dose-effect data of single and combined drug treatments.
A value of Cl less than 1 indicates synergism; Cl = 1 indicates additive effect; and Cl > 1 indicates
antagonism. Drug interaction (synergism or antagonism) is more pronounced the farther a Cl value is
from 1.

Formally, the combination index (Cl) of a combined drug treatment is defined as
Cl =D,/Dy; + D,/Dy,. Here D1 and D2 are the doses of drug 1 and drug 2 of the combination,
respectively; and Dx1, and Dx2 is the dose of a treatment with only drug 1 and drug 2 that would give
the same effect as that of the combination. The doses Dx1 and Dx2 need to be estimated from the
dose-effect data of single drug treatments. Essentially, a median effect equation is fitted to the data of
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Eney o A CERA- -1 e B Bihe Do eI e e R8 it np et
i ncor poetated 1aynd itHVOI1,2003h0 24 QPO (BPROJiZicat a8@gomnisifopeientes.in its entirety.
After the FPC cal cul ations were conpleted, the resulting FPC val ue and the

val ues from Table 6 were nornalized by setting the FPC value to 1. The
resul t Kesdltst hese cal cul ati ons are shown in Table 7. Table 7

As shown in Table 2, the Chou index values indicate clear synergism of the combination of
MOR208 and fludarabine in the specific killing of MEC-1 cells as compared to MOR208 and
fludarabine alone. This conclusion is based upon the Chou calculations of 0.03, 0.3 and 0.3 in each
of the three experiments, respectively, with an average of 0.21, where a Cl <1 indicates synergism.
Therefore, the combination of MOR208 and fludarabine will also behave synergistically in the
treatment of non-Hodgkin's lymphoma (NHL), chronic lymphoid leukemia (CLL), and/or acute
lymphoblastic leukemia (ALL) in humans.

In order to confirm the results of the above Chou calculations, the normalized data
of Table 2 was evaluated for statistical significance using the Bonferroni's Multiple Comparison Test.
See James, et al, Antibody-mediated B-cell depletion before adoptive immunotherapy with T cells
expressing CD20-specific chimeric T-cell receptors facilitates eradication of leukemia in
immunocompetent mice, Blood, 114(27):5454-63 (Epub 2009 Oct 30), which is incorporated by
reference in its entirety. The results are shown in Table 3.

Table 3

Bonferroni's Mean Diff. T value Significant? Summary
Multiple

Comparison (P <0.05)
Test
Fludarabine -0.3067 5.039 Yes **
(18ug/ml) vs.
FLU + MOR 208
combination
MOR208 -0.5167 8.490 Yes e
(66pM) vs. FLU
+ MOR208
combination
**p < 0,01

***p < 0,001
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MOR208 [ 10 ny/ kg] Fl udarabine [125 ng/kg] Fludarabine [250 ng/kg]
Fractional Product conbination MOR208 + FLU 125 conbi nati on Effect Reduced
t unmor gr owohosro2sw9ady Day 38 (% 0.57 0.75 0,9 1 1.15 Spnempreiobives eased
timeto 4000ng [o/cd 0.48 0.62 0,8 1

Results

As shown in Table 3, the Bonferroni’s Multiple Comparison Test shows that the combination
treatment of FLU + MOR208 is statistically more effective in the specific killing of MEC-1 cells than
the treatment of FLU and MOR208 alone.
Example 2: MOR208 and FLU alone and in combination in subcutaneously (SC)-implanted
human Ramos Burkitt’s B-cell lymphoma tumor growth model.

Materials

RAMOS human Burkitt's lymphoma cells (ATCC number CRL-1596, lot# 3953138); Vehicle
control: 0.9% sodium chloride, 25mg/ml mannitol, pH 7.0;; SCID Mice (University of Adelaide, Waite
Campus, Urrbaraie, SA, Australia, Strain C.B.-17-Igh-1°-Prkdc®®).

Methods
Six-to-seven-week old female C.B-17 SCID mice were implanted sub-cutaneously with

RAMOS cells (~5 x 10° cells/mouse). 14 days after inoculation, the mice were separated into ten
groups of eight, where each group had tumor volumes of relatively the same size. Treatment
began on Day 14. The treatment regimens are provided in Table 4. The study duration was 63

days.
Table 4
No. of Test Articles Dose Treatment Route and
Animals (mg/kg) Schedule
Fludarabine 125 IP, Q1Dx5
Fludarabine 250 IP, Q1Dx5
MOR208 1->10 Dys 147,17, 21, 24,
28, 31, 35, and 38
8 Vehicle 1P, Q1Dx5
MOR208/ Fludarabine 1->10/ Dys 147,177,217, 24,
105 28, 31, 35, and 38/
1P, Q1Dx5

MORZ208, fludarabine, and the vehicle were administered in a volume of 0.1 mL/10 g of body

weight. The initial readout was tumor growth, specifically tumor volume at study day 38. Tumor

weights were calculated using the equation (I x w2)/2, where | and w refer to the larger and smaller

dimensions collected at each measurement.
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1. 65 Synergism Results
I nhibition of tumor growh and in both endpoints,
at study weayos®2ad i ncreased tine (/0) to 4000ny,
MOR208 + FLU125 showed cl ear synergismin conparision to MR208 and FLU
In order to confirmthe results of the above FPC

al one.
cal cul

ations,

Bot h of the endpoi

nts are a neasure of

reduced tunmor grow h (/0)

t he EOREPAERI065900T

the data of average Tunor Vol unme [nmMmMA3] at study day 38

(shown in Talid esbis ashemvainuabled drorths bedragds araldesicigdiinf Figaede usi ng t he

Bonf er %Ti S Multiple Conparison Test. The results are shown in Table 8.
Tabl e g—eFéeat nment Group Bonferroni's Miltiple Conpari son Test; p val ue
FLU125 TusioFLUL25 |+ MDR208 (¢onbi nation) p <0.01 FULU250 vs FLU125 + MDR20
(conbi Watune#) n.$. MIR208 vs FLU125 + MOR208 (combi nation) p|< 0.001
Cont r ofmm®3] &LUL25 p < 0.001 Control vg. FLU250 p |< 0.001
study day 38
Venhicle MOR208 10 | Fludarabine | Fludarabine | Combination:
Control mg/kg 125 mg/kg 250 mg/kg MOR208/FLU
125
Group 1 2890 2138 1666 1352 1268
Group 2 4400 2025 2560 1352 750
Group 3 4200 3179 864 2816 726
Group 4 4152 1764 1913 1764 446
Group 5 3791 1862 3564 650 936
Group 6 4513 3402 2560 787 1268
Group 7 4152 2560 2025 1800 787
Group 8 2816 1437 787
Average 4014 2468 2073 1413 883

In addition to an endpoint of tumor volume at study day 38, the parameters of 1) reduced

tumor growth [%] at day 38, and 2) increased time to 4000mg tumors [%] were evaluated. The

results are shown in Table 6.
Table 6

Treatment Groups Reduced tumor growth at Increased time to 4000mg
study Day 38 (%) [%]

MOR208 38.5 17.52

FLU 125 48.3 22.37

FLU 250 64.8 30.19

Combination of MOR208 78 59.3

and FLU 125

Control 0 0

Both of the endpoints shown in Table 6 were evaluated using the Fractional Product Concept

(FPC) in order to determine if synergism existed with the treatment of the combination of MOR208

and FLU treatment as compared to MOR208 and Fludarabine alone. When the combination

treatment group is more effective than the FPC calculation, then synergism exists. The Fractional

Product Concept was calculated using the formula 1-[(1-A)*(1-B)] = fpc(%), as described by Webb, J.

L. (1963) Enzyme and Metabolic Inhibitors, Academic Press, New York, which is incorporated by
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Control vs. FLUL125 + MDR208 (conbination) p < 0.001 Control vs. MIR208 p <
0.001 WO 2013/ 024095PCT/ EP2012/ 065904 A p val ue of < 0.05 shows

statisti cab20iyymisddscance. Results As shown i n TabraP2&2a63906, in
al | paraneters, the conbination of MIR208 and Fl udarabi ne 125 ring/ kg was
nore effective in the inhibition of tunor growh in vivo than MOR208 or

Fl udar abi ne alone. This increase in effectiveness of the conbination of
MIR208 redevédndd indtapatbeipe Afih thd FRY) &adoulatiohd @eierdoiipldiéd) theabsultingdiP Gyvadvd dndi the

Vi vo as_conpar to both MIR208 and.Fl ud bi ne .al.ong was confirned to be
st ot SUGR Ton 3ralkRoid Rel g Rl itina M BEESRR B1”a BR R AR act i onal
Pr oductalGdatoeptaregionn iaffleldas. show cl ear synergi sm of conbi nati on of M)R208
and Fl udarabine 125 ring/kg in the inhibition of tunor growh in vivo as
conpared to MOR208 or Fl udarabi ne al one, as shown in Table 7. Therefore,

t he cod#bledti on of MIR208 and fludarabine will also behave synergistically
I N t hetreatment, A5 N-gosgkT-g & ' ¢ T oORR3RTPOER-Leukem a
(CLL)|{ and acut%qﬁy%gﬁpkg’gg%%ébme gr_%g%;ﬂ unauﬂwf%f EF%&
additijon, the c i_hatijon—0 *@2 n%}e 125%?%@%*35 nor e
effective in t HE9"%hi bilti on of tunor gr owt GOMRINGHR h%c_ﬁn _H@_ gher dose

Fl udal-ach_ne_zE)O_ngJ_Kg_sd_one.—As_t —S—l—g-n-l—f—l—Ga-Q-t—S-l—d-e—
ef f ecl SCHCEH gheP’ dosed,0-fhis resf-? shows |that a safletOnore ef P¥RRPED

al ter nd#tMfe t o hi gh dode of Fludarabine, ig the conbijpati on of MIR208 and
Fl udaf 4MWB atExanpl e 3NDR208 and |f | udar abi e al one and in conbi hation in
human | Bislyhygki n RAMOS tunor in |SCID nice,| survival odel Materials
Cycl opB8spham de (Fl ukd, Buchs Switzerland,| Lot. No. |07551661); | Vehicle
Cont r ¢lincréas¥y smd8um chleéz de, 25r0,89/ nnl nrianni tol , pHeE3. 0; SC| ByhMdrgsm
(Uni verimiety ©f| Adel ai dg, Waite Canpus, Urrbaraie, SA | Australia] Strain
C. B.-1%0b@hgl b -P rkdqg' d); RAMOS human | ynphoma cells (ATCC nupber
CRL- 26@3%}. %/bt hods SCID nice were gre-treated wi th Cycl pphosphan de
(18 ng/kg, T.p., twice daify)y for two days prior to MOS Teft— Inocutration
(Day -5 and -4). On the day of inoculation (Day -3), the mce were

separ aBesulisnt o ten groups of eight mice each, and inoculated with 1 x 106

RAMCS cel |l s i - i afal | i i j for
onoh s oup_ PIRh HeNHCRURRMS aindaRh ot WitkRinlor (i dlorolf MR/ ERBIGRRS O]

was t hfesicogieir grovdih (%) @:Stmdéwﬁgﬁo(?m%s%gmﬁ@%) (09gmg, the combination of
MOR208 + FLU125 showed clear synergism in comparision to MOR208 and FLU alone.

In order to confirm the results of the above FPC calculations, the data of average Tumor

Volume [mm*3] at study day 38 (shown in Table 5) was evaluated for statistical significance using the

Bonferroni's Multiple Comparison Test. The results are shown in Table 8.

Table 8
Treatment Group Bonferroni's Multiple
Comparison Test;
p value
FLU125 vs FLU125 + p < 0.01
MOR208 (combination)
FLU250 vs FLU125 + n.s.
MOR208 (combination)
MOR208 vs FLU125 + p < 0.001
MOR208 (combination)
Control vs. FLU125 p < 0.001
Control vs. FLU250 p < 0.001
Control vs. FLU125 + p < 0.001
MOR208 (combination)
Control vs. MOR208 p < 0.001
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PCT/ EP2012/ 065904 G oup Conpound Treatnent Intended Schedule A B C AB E
Fl udar abi ne MOR208 Vehi cl e Control Fl udarabi ne / MOR208 Fl udar abi ne 125
ng/ kg, i .WwO 2018/2@0951/ kg 3 ng/ kg, i.v., in 10 nL/kg PCT/EP2012/065904

A p value of < 0.05 shows statistical significance.

Results

As shown in Tables 5 and 6, in all parameters, the combination of MOR208 and Fludarabine
125 mg/kg was more effective in the inhibition of tumor growth in vivo than MOR208 or Fludarabine
alone. This increase in effectiveness of the combination of MOR208 and Fludarabine 125 mg/kg in
the inhibition of tumor growth in vivo as compared to both MOR208 and Fludarabine alone was
confirmed to be statistically significant, as shown in Table 8. In addition, the Fractional Product
Concept calculations show clear synergism of combination of MOR208 and Fludarabine 125 mg/kg
in the inhibition of tumor growth in vivo as compared to MOR208 or Fludarabine alone, as shown in
Table 7. Therefore, the combination of MOR208 and fludarabine will also behave synergistically in
the treatment of non-Hodgkin's lymphoma (NHL), chronic lymphoid leukemia (CLL), and acute
lymphoblastic leukemia (ALL) in humans.

In addition, the combination of MOR208 and Fludarabine 125 mg/kg was more effective in the
inhibition of tumor growth in vivo than the higher dose Fludarabine 250 mg/kg alone. As fludarabine
has shown significant side effects at higher doses, this result shows that a safer, more effective
alternative to high dose of Fludarabine, is the combination of MOR208 and Fludarabine.

Example 3 MOR208 and fludarabine alone and in combination in human Non-hodgkin
RAMOS tumor in SCID mice, survival model

Materials

Cyclophosphamide (Fluka, Buchs Switzerland, Lot. No. 07551661); Vehicle Control: 0.9%
sodium chloride, 25mg/ml mannitol, pH 7.0; SCID Mice (University of Adelaide, Waite Campus,
Urrbaraie, SA, Australia, Strain C.B.-17-Igh-1°-Prkdc**®); RAMOS human lymphoma cells (ATCC
number CRL-2638).

Methods
SCID mice were pre-treated with Cyclophosphamide (18 mg/kg, i.p., twice daily) for two days

prior to RAMOS cell inoculation (Day -5 and -4). On the day of inoculation (Day -3), the mice were
separated into ten groups of eight mice each, and inoculated with 1 x 10° RAMOS cells each
intravenously into the tail vein. The dosing regimen for each group is shown in Table 9 and
commenced on Day 0. The study duration was three weeks.
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i.p., 10 nL/kg 125 ng/kg, i.p; 3 my/kg, i.v. in 10 nL/kg; 250 ng/kg, i.p,
in 10 nmL/kg Once daily (Day 0-5) Twice weekly for 3 weeks Once daily (Day
0-5) OncewOanip2®ay 0-5) /twice weekly for 3 weeks OncecCuaiPkyi2(06%94 0- 5)
The readout was nedian survival time in days. In order to eval uate whet her
the effect of the conbination as conpared to the individual treatnent
groups was synergistic, the nethods of Clark et al. were used. O arke et
al . syneblgi9sbosing regimenThe nmet hod is described in Issues in experinental
desi gn—ard—eradpe-t—ahal-yei-s——t-he—st-tdy—of—erxperi-reri-al—eyH-et-axd-e—agent s
in vi v&TOHPbr e49MROMAEer ~ and ot hdFeatwgst s, Br easintendgdetchedulear ch and

Tr eat nEN ; - : fch IS incorporated Dy reference inits
entiretyA The dhtdarabicanal yl@édng/ke.tilpeinfldl hbkgng Wepg dailntlagohbstic (AB)/C <
(AC x (B/IC) Additive(AB)/C = (A C x (B/IC) Synergistic(AB)/C > (A C x
(B/C) where A treatmgnt w t.h MOR208; B i s Twhe weekbtfordt Wwith FLU
alone; CYis theﬁ/{@g@énse tg%tlﬂ%d%’rlézaﬁrﬁ?l%i cl e; ABvdekst he conbination of
treatments A and B. The nedian survival tinme in days for each study group
and the @ arkge@tie@ontranal ysis apeishawe i N Tabl@nckGaily (Day 0-5)

AB Fludarabine 125 mg/kg, i.p; 3 mg/kg, i.v.  QOpce daily (Day 0-5)
/MOR208 in 10 mL/kg; /twice weekly for 3
weeks
E Fludarabine 250 mg/kg, i.p, in 10 ml/kg  Once daily (Day 0-5)

The readout was median survival time in days. In order to evaluate whether the effect of the
combination as compared to the individual treatment groups was synergistic, the methods of Clark

et al. were used.

Clarke et al. synergism

The method is described in Issues in experimental design and endpoint analysis in the study
of experimental cytotoxic agents in vivo in breast cancer and other models, Breast Cancer Research
and Treatment 46:255-278 (1997), which is incorporated by reference in its entirety.

The data is analysed in the following way:
Antagonistic (AB)/C < (A/C) x (B/C)
Additive (AB)/C = (A/C) x (B/C)
Synergistic  (AB)/C > (A/C) x (B/C)

where A is the treatment with MOR208; B is the treatment with FLU alone; C is the response to the
treatment vehicle; AB is the combination of treatments A and B. The median survival time in days

for each study group and the Clarke et al. analysis are shown in Table 10.
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WO 2013/ 024095PCT/ EP2012/ 065904 Tabl e 10 Medi an Survival Tinme (Days) A =
response to treatnment MOR208 23,5 B = response to treatnent FLU 22 C =
response wo 20r3grtoyent vehicle 18,5 AB = conbi nati on of PCT&RRRO630A and B
31 (AB)/ C

Table 10
Median Sunvival Time (Days)
A = response to treatment MOR208 23,5
B = response to treatment FLU 22
C = response to treatment vehicle 18,5
AB = combination of treatments A and B 31
(AB)/C 1,675675676
is bigger than
(A/C) x (B/C) 1,510591673
= Synergism
Results

The combination of MOR208 and FLU showed clear synergism in median survival days as
compared to MOR208 and FLU alone.

In order to confirm the results of the above synergism calculations, the median survival time in
days of the combination of MOR208 and fluradabine 125 mg/kg was compared to MOR208 and
fluradabine alone using the Mantel-Haenszel test [P value], and Gehan-Wilcoxon test [P value].

Results shown in Table 11.

Table 11

Treatment Group Mantel-Haenszel test [P value] | Gehan-Wilcoxon test [P value]
FLU/MOR vs. FLU 125 0,0008 0,0012

FLU/MOR vs. MOR 0,0001 0,0004

FLU/MOR vs. FLU250 0,0011 0,0016

FLU/MOR vs. control 0,0001 0,0004

Control vs. FLU125 0,0061 0,0162

Control vs. FLU250 0,0061 0,0162

Control vs. MOR208 < 0.0001 0,0002

Results

Table 10 shows that the combination of MOR208 and Fludarabine 125 mg/kg synergistically
increased the median survival time in the Burkitt's lymphoma SCID mouse model as compared to
both MOR208 and Fludarabine alone. This increase of median survival time of the combination of
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1,675675676 is bigger than (A/C x (B/C) 1,510591673 = Synergism
Results The conbi nati on of MJR208 and FLU showed cl ear synergismin
medi an suwoi2oes/02d@ys as conpared to MIR208 and FLU al on®CT/EP2012/063%00r der to
confirmthe results of the above synergi sm cal cul ati ons, the nedian
survival time in days of the conbination of MIR208 and fl uradabi ne 125

ng/ kg was conpared to MOR208 and fl uradabi ne al one using the

Mant el M@Ra08z@d Fluelatabjie 12&8Imgd#g inaivd wae henfirvigd todbecatisécdlly figniiednta$ coresed t s

RN ey R e L Y T T L
MOR208 and fludarabine will also behave synergistically in the treatment of non-Hodgkin's
lymphoma (NHL), chronic lymphoid leukemia (CLL), and acute lymphoblastic leukemia (ALL) in
humans.

In addition, the combination of MOR208 and Fludarabine 125 mg/kg was more effective in
increasing median survival time in vivo than the higher dose Fludarabine 250 mg/kg alone. As
fludarabine has shown significant side effects at higher doses, despite its effectiveness, this result
shows that a safer, more effective alternative to high dose  Fludarabine, is the combination of
MOR208 and Fludarabine.

It is to be understood that the description, specific examples and data, while indicating
exemplary embodiments, are given by way of illustration and are not intended to limit the present
invention. Various changes and modifications within the present invention will become apparent to
the skilled artisan from the discussion, disclosure and data contained herein, and thus are considered

part of the invention.
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FLU MOR vs. MOR 0, 0001 0, 0004 FLU MOR vs. FLU250 0, 0011 0,0016 FLU MOR vs.
control 0, 0001 0O,0004 Control vs. FLU125 0, 0061 0,0162 Control vs. FLU250
0, 0061 0,woeR@am9sol vs. MIR208 <0. 0001 0, 0002 Result #CT/EP2012/0d%b4 e 10
shows that the conbinati on of MOR208 and Fl udarabi ne 125 ri ng/ kg
synergistically increased the nmedian survival tine in the Burkitt's
| ymphonma SCI D nouse nodel as conpared to both MIR208 and Fl udar abi ne al one.
Thi s i e @lage: of nedian survival time of the conbination of WO
2013/ 024095PCT/ EP2012/ 065904
1. A synergistic combination of an antibody specific for CD19 comprising an antibody
that cross-competes with an antibody comprising an HCDR1 region of sequence SYVMH (SEQ ID
NO: 1), an HCDR2 region of sequence NPYNDG (SEQ ID NO: 2), an HCDR3 region of sequence
GTYYYGTRVFDY (SEQ ID NO: 3), an LCDR1 region of sequence RSSKSLONVNGNTYLY (SEQ ID
NO: 4), an LCDR2 region of sequence RMSNLNS (SEQ ID NO: 5), and an LCDRS3 region of
sequence MQHLEYPIT (SEQ ID NO: 6) and fludarabine for use in the treatment of non-Hodgkin’s

lymphoma, chronic lymphocytic leukemia and/or acute lymphoblastic leukemia.

2. A combination according to claim 1, wherein the antibody comprises an antibody that binds to
the same epitope as an antibody comprising an HCDR1 region of sequence SYVMH (SEQ ID NO: 1),
an HCDR2 region of sequence NPYNDG (SEQ ID NO: 2), an HCDR3 region of sequence
GTYYYGTRVFDY (SEQ ID NO: 3), an LCDR1 region of sequence RSSKSLQNVNGNTYLY (SEQ ID
NO: 4), an LCDR2 region of sequence RMSNLNS (SEQ ID NO: 5), and an LCDRS3 region of
sequence MQHLEYPIT (SEQ ID NO: 6).

3. A combination according to claim 1 or 2, wherein the antibody comprises an HCDR1 region of
sequence SYVMH (SEQ ID NO: 1), an HCDR2 region of sequence NPYNDG (SEQ ID NO: 2), an
HCDRS region of sequence GTYYYGTRVFDY (SEQ ID NO: 3), an LCDR1 region of sequence
RSSKSLAQNVNGNTYLY (SEQ ID NO: 4), an LCDR2 region of sequence RMSNLNS (SEQ ID NO: 5),
and an LCDR3 region of sequence MQHLEYPIT (SEQ ID NO: 6).

4. A combination according to any one of the preceding claims, wherein the antibody comprises
a variable heavy chain of the sequence
EVAQLVESGGGLVKPGGSLKLSCAASGYTFTSYVMHWVRQAPGKGLEWIGYINPY
NDGTKYNEKFQGRVTISSDKSISTAYMELSSLRSEDTAMYYCARGTYYYGTRVFDYWG
QGTLVTVSS (SEQ ID NO: 10) and a variable light chain of the sequence
DIVMTQSPATLSLSPGERATLSCRSSKSLQNVNGNTYLYWFQQKPGQSPQLLIYR
MSNLNSGVPDRFSGSGSGTEFTLTISSLEPEDFAVYYCMQHLEYPITFGAGTKLEIK (SEQ ID NO:
11).

5. A combination according any one of the preceding claims, wherein the antibody comprises a
heavy chain constant domain of the sequence
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MOR208 and Fl udarabi ne 125 ring/ kg in vivo was confirnmed to be
statistically significant as conpared to both MIR208 and Fl udar abi ne al one,
as shown wo 20e842¢0951. Therefore, the conbinati on of MRPOS/ER2@2f0bisdar abi ne
wi |l al so behave synergistically in the treatnent of non-Hodgkin's |ynphoma
(NHL), chronic |lynmphoid | eukem a (CLL), and acute |ynnphoblastic | eukem a
(ALL) in humans. In addition, the conbination of MJR208 and

FI udar ABTHEPSYE Pt ARGEKSTS@E TAAL @CEY KR MHPES VITNSIMNS@EISTISTY Hredi an sur vi val

{1 udar 26T AYCRESE Ly B Rrs B o P S be e T i AT LR RS BT OM ARk |

ef f ect CGHBEY FPPRPEDTESIBRTRINOMESY \(\HALS HE 3R \EQFNWYIVE AV INA KK PREEQRFNS TH e

to hig . . ; . .
10 s YR T HOBA N | SR AT e kTR QP AR SELERTARCN,

whi | e TRUVEGEYRGDENEWE NG QEEDHIOYIKTE RPYILDHDESFRLY BKEYVIMMGRMQQENVEBEaYMbin
and ar e ApplHyFhRiRESAgH KtéE@FD (pepresent invention. Various changes and
nodi fications within the present invention will beconme apparent to the
skilled artisan fromthe discussion, disclosure and data contai ned herein,
and thgs ar g HeRMaHeT &EoRMd to@hy bRE of Y BRick&Rg clafd, wherein said antibody specific
2013/ 024095PCT/ EP2012/ 065904 W' Claim 1. A Synergistic conbination of an
ant i bofyy AH8@Wfledargbinegyrrdmnipterast ssga@ieMant i body that cross-conpetes with
an anti body conprising an HCDR1 regi on of sequence SYVWH (SEQ ID NO 1), an

HCDR2 regi on of sequence NPYNDG (SEQ |D NO ,2),. an HgDRS egi on of sequence
GTYYYGIRVFD¥ CE’@E@aﬁ%‘ Agserag)9 to Ry Eﬁfb%t ?Bchs?f”éf?'a%t’i’ RE f|rt§§%‘,lé%ff®\'|‘€/Nc;l\rrYLY

( SEQ | BuiMdistetpd padt tb eiiRRisiragerost ted asbaueseeiiBiINg. (SEQ | D NO 5), and an
LCDR3 regi on of sequence MHLEYPIT (SEQ ID NO 6) and fludarabine for use
in the treatnment of non-Hodgkin's |ynphoma, chronic |Iynnphocytic |eukem a
and/ or 8acut A combiphtidy asbdidglte akeoreaf thehrededogrdaimsatwhioh isalde tadhedjate dillzigaf m
1, whetgi i risSes . an [ bi t

et t opEss SR ADoAE I nE ARREhAES 1 b e K abCR i i R LR R s 1
NO 1) effinacyHicDRMUdaedireralafe. sequence NPYNDG (SEQ ID NGO 2), an HCDR3 regi on
of sequence GIYYYGIRVFDY (SEQ ID NO 3), an LCDR1 region of sequence
RSSKSLQNVNGNTYLY (SEQ ID NO 4), an LCDR2 region of sequence RVSBNLNS ( SEQ

| D NO. 95), Asamamali@DRording tognppPne etihe ntasednpicevr for ySaotheDreatmed)of 3. A

combi nag - i i g ; I j inSes an
o PRSBSOS

n- of seci . HCDR2 regi on "of sequence
NPYNDGCRSEtNg pf fRificulanlymptipnscems! ww@wtlefy@qmén@écmwwrgwwpbgé@sm, NO
3) . annlatdih 2684 iotis & farGel N GRndiESknl MMNEREIVLY (SEQ ID NG 4), an LCDR2
regi on of sequence RVBNLNS (SEQ ID'NO 5), and an LCDR3 region of sequence
MHLEYPIT (SEQ ID NGO 6). 4. A conbination according to any one of the
precedi ng clai ns, wherein the antibody conprises a variabl e heavy chai n of
t he sequence EVQLVESGGAE.VKPGGSLKLSCAASGYTFTSYVMAWRQAPGKGLEW GYI NPY
NDGTKYNEKFQGRVTI SSDKSI STAYMEL SSLRSEDTAMYYCARGTYYYGTRVFDYWG Od LVTVSS ( SEQ
ID NO 10) and a variable [ight chain of the sequence
Dl VMIOSPATL SL SPGERATL SCRSSKSL ONVNGNT YL YWFQQKPGQSPOLLI YR
MBNLNSGVPDRFSGSGSGTEFTLTI SSLEPEDFAVYYCMQHLEYP | TFGAGTKLEI K (SEQ I D NGO 11).
5. A conbi nati on accordi ng any one of the preceding clains, wherein the
anti body conprises a heavy chain constant domain of the sequence WO
2013/ 024095PCT/ EP2012/ 065904 ASTKGPSVFPLAPSSKSTSGGTAALGCLVKD
YFPEPVTVSVWNSGALTSGVH TFPAVLQSSG LYSLSSWIVPSSSLGTQTYI CNVN H KPSNTKVDKKVE
PKSC DKTHTCP PCPAP E LL GGPDVFLFPP KP KDTLM | SRTPEVTCVVVDVSHEDP
EVOFNWYVDGVEVHNAKTKP REEQFNSTF
RWWSVL TVVHQDW.NGKEYKCKVSNKAL PAPEEKTI SKTKGQPREPQVYTLPPSREEMIKNQVSL
TCLVKGFYPSDI AVEVESNGQPENNYKT TPPM.DSDGSFFL YSKL TVDKSRWQQGNVFSCSVIVH
EALHNHYTQKSLSLSPGK(SEQ I D NO. 12). 6. A conbination according to any one
of the preceding clains, wherein said anti body specific for CD19 and
fl udarabi ne are adm ni stered separately. 7. A conbination according to any
one of the preceding clains, wherein fludarabine is admnistered prior to
adm ni stration of the antibody specific for CD19. 8. A conbination
according to any one of the preceding clains, which is able to nediate
killing of MEC-1 cells by ADCC in the presence of isolated human PBMCs with
an at least two-fold better efficacy than fludarabine alone. 9. A
conbi nati on according to any one of the preceding clains for use in the
treat nent of non-Hodgkin's | ynphoma, 2therein the non-Hodgkin's | ynphoma is
selected fromthe group consisting of follicular |ynphoma, snall
| ynphocytic | ynphoma, nucosa-associated | ynphoid tissue, nmarginal zone,
diffuse large B cell, Burkitt's, and mantle cell.



