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BISPECIFIC ANTIBODIES AGAINST CEACAMS AND CD47

REFERENCE TO SEQUENCE LISTING
The content of the electronically submitted sequence listing filed with the application 1s incorporated

herein by reference 1n 1ts entirety.

FIELD OF THE INVENTION

The present invention relates to bispecific antibodies which bind to human carcinoembryonic antigen
CEACAMS (CEA) and to human CD47 (CEAxCDA47 bispecific antibodies). In one embodiment,
the bispecific antibodies bind human CEACAMS, human CEACAMS6 and human CD47. In addition,
the present mvention relates to polynucleotides encoding such bispecific antibodies and vectors and
host cells comprising such polynucleotides. The invention further relates to methods for selecting
and producing such antibodies and to methods of using such antibodies 1n the treatment of diseases.
The mnvention also relates to the therapeutic use of the CEAxCD47 bispecific antibodies 1n

monotherapy and 1n combination therapy, especially with CEAxCD3 T-cell bispecific antibodies
(TCB) and/or mhibitors of PD-1 or PD-L1.

BACKGROUND OF THE INVENTION

The human CEA family contains 29 genes, of which 18 are expressed: 7 belonging to the CEA
subgroup and 11 to the pregnancy-specific glycoprotein subgroup. Several CEA subgroup members
arc thought to possess cell adhesion propertics. CEA 1s thought to have a role in mnate immunity
(Hammarstrom S., Semin Cancer Biol. 9(2):67-81 (1999)). Carcinoembryonic antigen (CEA,
CEACAMS, Meconium antigen (MA) or CD66¢; UniProtKB - P06731) 1s a member of the
carcinoembryonic antigen-related cell adhesion molecule (CEACAM) family and a tumor-associated
antigen (Gold and Freedman, J Exp. Med., 121:439-462, 1965; Berinstein N. L., J Clin Oncol.,
20:2197-2207, 2002). CEACAMG6 (CD66¢; NCA-50/90; UniProtKB - P40199) belongs also to the
carcinoecmbryonic antigen (CEA) family. Multiple monoclonal antibodies have been raised against
CEA for research purposes, as diagnostic tools, and for therapeutic purposes (see ¢.g.
WO02012117002 (incorporated by reference 1n 1ts entirety), see also Example 8 f)). Soluble CEA —
1s an established tumor marker. Levels in plasma of cancer patients can go i some cases over 1000
ng/ml, whereas plasma concentrations in healthy individuals are below 10 ng/ml (¢.g. Sandler B. et
al Anticancer Res 1999, 19(5B), 4229-33). Hao C., Zhang G. and L. in Progress in Molecular Biology
and Translational Science (2019) report that CEA plasma concentrations between 100 and 250 ng/mL
can be found 1n a significant % of patients withPancreatic Cancer, Colon- and Rectal Cancer, Lung
Cancer and Gastric Cancer. Such high levels are especially observed when these cancers are locally
advanced and/or metastatic. According to Wanebo ¢t. al., New Eng. J. Med. (1978) 21% of

recurrent/meatastatic colon cancer have SCEA above 100 ng/ml. Hohenberger ¢t. al., Annals Surgery
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(1994) report 1n colorectal patients, stage Duke 4 and liver metastasis, that 26 % of patients have
sCEA over 50 ng/mL. Jurgensmerier ¢t al Br. J. Cancer (2013) report 1n rather large studies with
several hundred of patients sutfering from metastatic colorectal cancer sCEA above 225 ng/mL 1n
24% respectively 25% of these patients.

The mouse monoclonal antibody PR1A3 was raised by fusion of NS1 (P3/NS I/I-Ag-4-1) myeloma
cells with spleen cells from mice immunized with normal colorectal epithelium Richman P. 1. and
Bodmer W. F., Int. J. Cancer, 39:317-328, 1987 describe mouse monoclonal antibody PR1A3.
Epitope mapping of PRl A3 shows that the antibody targets the B3 domain and the GPI anchor of
the CEA molecule (Durbin H. et al., Proc. Natl. Scad. Sci. USA, 91 :4313-4317, 1994).
Consequently, the PR1A3 antibody binds mainly to the membrane- bound CEA, and not the soluble
CEA form that can be found 1n the bloodstreams of cancer patients. The epitope bound by PR1 A3 1s

a conformational epitope, not a lincar epitope (Stewart et al., Cancer Immunol Immunother, 47

(1999) 299-06). Humanized PRl A3 (hPRI A3) antibodics are described ¢.g. by Conaghhan P. J., ¢t
al., Br. J. Cancer, 98 (2008)1217-1225 and WO2012117002 (incorporated by reference mn its
entirety).
CEACAMS 1s expressed by the cells of several tumor types including but not limited to €.g. colorectal
tumors, tumors of the pancreas, lung tumors, gastric tumors ¢tc.
These tumor cells express often also CEACAMS6, expression of CEACAMG6 can be well higher than
expression of CEACAMS (see ¢.g Blumenthal RD et.al. BMC Cancer, 2007 Jan 3:7:2).
A method for treating cancer by a combination of a human PD-1 axis antagonist and an anti-
CEA/ant1-CD3 bispecific antibody 1s mentioned m US20140242079 and WO20171186357 (each of
which 1s incorporated by reference 1n 1ts entirety) and clinical results have been published at ASCO
conference 2017 (Tabernero et al, J Clin Oncol 35, 2017 (suppl;abstr 3002)). A method of treating
tumors by administering immune checkpoint antagonists binding two or more different targets of an
immune checkpomt pathway, and a T cell-redirecting agent binding to CEA and a T cell surface
antigen 1s mentioned n WO2015112534 (herein incorporated by reference m its entirety). A
conjugate consisting of a single domain anti-CEACAMG6 antibody and urease 1s at present 1n clinical
trials (NCT02309892; W02016116907) (heremn incorporated by reference in its entirety. A class I
antibody binding to CEACAMS, CEACAMS6 and granulocytes 1s mentioned in US20110064653
(herein incorporated by reference 1n 1ts entirety).
An ant1 CD3¢ antibody described 1n the state of the art 1s SP34 (Yang SJ, The Journal of Immunology
(1986) 137; 1097-1100). SP34 reacts with both primate and human CD3. SP34 1s available from BD
Biosciences. A further anti CD3 antibody described i the state of the art 1s UCHT-1 (sce
W02000041474). A further anti CD3 antibody described in the state of the art 1s BC-3 (Fred
Hutchinson Cancer Research Institute; used m Phase I/II trials of GvHD, Anasetti et al.,
Transplantation 54: 844 (1992)). SP34 differs from UCHT-1 and BC-3 1n that SP-34 recognizes an
epitope present on solely the € chain of CD3 (see Salmeron et al., (1991) J. Immunol. 147: 3047)
2
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wherecas UCHT-1 and BC-3 recognize an epitope contributed by both the € and y chains. Ant1 CD3
antibodies are also described m WO02007042261, WO0O2008119565, WO2008119566,

WO02008119567, W02010037836, W02010037837, W02010037838, and US8236308 (cach of
which 1s incorporated by reference m 1ts entirety). A bispecific antibody comprising a binding part
specific for CEA and a binding part specific for CD3e 1s described i US20140242079A1
(incorporated by reference 1n 1ts entirety).
Human CD47 (UniProtKB - Q08722 (CD47 HUMAN:; IAP) 1s a transmembrane protein that binds
the ligands thrombospondin-1 (TSP-1) and signal-regulatory protein alpha (SIRPa; CD172a;
UniProtKB P78324) and can act as a “don't cat me” signal to the immune system, especially for
macrophages. CD47 1s mmvolved 1n a range of cellular processes, imcluding apoptosis, proliferation,
adhesion, and migration. Furthermore, 1t plays a key role in immune and angiogenic responses. CD47
1s overexpressed 1n different tumor cells. Antibodies agamst CD47 are described 1n the state of the
art and some are 1n clinical trials as therapeutic agents for tumor treating (Weiskopt K. European
Journal of Cancer 76 (2017) 100-109; Huang Y et al., J Thorac D1s 2017;9(2):E168-E174. Antibodies
of the Ig(Gl subclass that bind CD47 can result in the depletion of platelets and reduction of red blood
cells RBC of hemoglobin mm a Fc-dependent manner (see ¢.g. US20140140989). For avoiding this
adverse effect, iIn W0O2017196793 there 1s described a mutant form of the IgG4 subclass of an anti-
CD47 antibody (IgG4PE, with the S228P mutation as well as a L235E mutation to reduce FcyR
binding). Such anti-CD47 antibody with severely reduced FcyR binding and effector function does
not result mn such platelet depletion. A single domain bispecific antibody against CD47 and CD20
was described by von Bommel PE ¢t al., Oncoimmunol. 7 (2018) ¢386361 and Piccione EC et al.
mAbs 7 (2015)946-956. Dheilly E. et al., Mol. Thera. 25 (2017) 523-533 (see also W02014087248)
describe a bispecific antibody against CD19 and CD47. A bispecific antibody against CD19 and
CD47 comprising a common heavy chain of SEQ ID NO:5 and a vanable light domain VL of SEQ
ID NO:10 1s described in W02014087248 (incorporated by reference in its entirety).
WO02014087248 relates to a bispecific antibody against CD19 and CD47, comprising a common
heavy chain. WO2018098384 relates in general to a macromolecule consisting of a CEACAMS
binder and a CD47 binder jomed by a linker. W0O20180579535 relates to bispecific antibodies binding
to mesothelin and CD47. W0O2019016411 relates to bispecific antibodies comprising a common
heavy chain and binding to CD47. W0O2014108198 relates to human IgG1 Fc variants.
Human FcRI (CD64) 1s restricted to monocytes/macrophages and dendrtic cells (DCs) and,
inducibly expressed on neutrophils and mast cells; hFc RIIA (CD32A) 1s expressed on all myeloid
cells but not on lymphocytes; hFc RIIB (CD32B) 1s highly expressed only on circulating B cells and
basophils (L. Cassard, F. Joensson, S. Amaud, M. Dacron, J. Immunol. 189 (2012(2995-3006), poorly
expressed on 20% of the monocytes and 4% of the neutrophils, and expressed on tissue macrophages
and DCs, but not on mast cells hFc RIIC (CD32C) 1s expressed on NK cells, monocytes, and
ncutrophils. hFc¢ RIITA (CD16A) 1s expressed on NK cells and monocytes/macrophages; hFcRIIIB
3
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CD16B) 1s expressed on neutrophils and, as recently demonstrated, on subsets of basophils. These
expression patterns highlight that hFc¢ RIIA 1s the only activating IgG receptor constitutively
expressed by mast cells, basophils, neutrophils and cosinophils (Bruhns P., Blood 119 (2012) 5640).
The biological activities of each subclass of IgG are poorly known. IgG receptors (FcyRs) are
strikingly numerous in humans. They comprise high-atfinity and low-affinity receptors. Both high-
affinity and low-affinity FcyRs bind IgG-immune complexes with a high avidity, but only high-
affinity FcyRs bind monomeric IgG. There 1s one high-atfinity IgG receptor mm humans, hFcyRI
(CD64), and two families of low-affinity IgG receptors, hFcy RIIA, IIB, and IIC (CD32), and
hFcyRIIIA and IIIB (CD16). hFcyRI and hFcyRIIIA are FcyR associated activating receptors,
hFcyRIIA and hFcyRIIC are single-domain activating receptors, hFcyRIIB are single-domain
inhibitory receptors, and hFcyRIIIB are GPI-anchored receptors whose function 1s uncertain (Bruhns
P. Blood 113 (2009) 3716). Several research groups have demonstrated that antibodies, lacking the
1,6- fucose on their heavy chain glycosylation, have enhanced binding affinity to the FcyRIII receptor
and increased ADCC activity (Shields, R. L., et al., (2002) J Biol. Chem. 277, 26733-26740.; (2002)
J Biol. Chem. 8, 8). In addition, a correlation between binding atfinity to the FcyRIII receptor and
ADCC activity has been established (Okazaki, A., et al., (2004) J Mol. Biol. 336, 1239-1249;
Dall'Ozzo, 2004). An IgG molecule carries two N-linked oligosaccharides 1n 1ts Fc region, one on
cach heavy chain. As any glycoprotein, an antibody 1s produced as a population of glycoforms which
sharc the same polypeptide backbone but have different oligosaccharides attached to the
glycosylation sites. The oligosaccharides normally found 1in the Fc region of serum IgG are of
complex bi-antennary type (Wormald et al., Biochemistry 36: 1370-1380 (1997), with a low level of
terminal sialic acid and bisecting N-acetylglucosamine (GIcNAc), and a vanable degree of terminal
galactosylation and core fucosylation. Some studies suggest that the minimal carbohydrate structure
required for FcyR binding lics within the oligosaccharide core. Lund et al., J. Immunol. 157:4963-
69 (1996). Antibodies with a reduced fucose content mm glycan moieties exhibit higher antibody
dependent cellular cytotoxicity (ADCC) activity compared to a normally fucosylated antibody (Niwa
R et al., Cancer Res, 64, 2127-33, 2004). The mechanism behind the enhanced ADCC of a low / no-
fucose antibody 1s its increased affinity to FcyRIIIa (CD16). A cell line with knockout of both alleles
for the genc responsible for fucose addition (al,6-fucosyltransferase; FUT8) 1s described 1n
US6946292, US7425446, US8067232 (each of which 1s incorporated by reference m its entirety),
and under http://www .potelligent.com. Overexpression m Chinese hamster ovary (CHO) cells of
B(1,4)-N-acetylglucosaminyltransferase III (GnTIII), a glycosyltransferase catalyzing the formation
of bisected oligosaccharnides, significantly increases the m vitro ADCC activity of antibodies
produced by the engincered CHO cells. (Umaia, P. et al., Nature Biotechnol. 17:176-180 (1999),
W0199954342, US20030175884(cach of which 1s incorporated by reference 1n its entirety)).

Another technology which can be used to produce antibodies with reduced fucose content 1s
described m US8642292 (incorporated herein by reference). This technology 1s designed to configure

4
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the stable integration of a heterologous bacternial enzyme mto an antibody producer cell line like a
CHO cell ine or others. By this measure, the de novo synthesis of fucose from D-mannose 1s blocked.
If in addition production cells are cultivated m fucose free medium, as a result antibodies with a

stable level of atucosylation are produced.

Mutations within the Fc domain can also alter binding properties of the Fc domain to the different

Fc  receptors (WO02004063351, WO02004099249; WO0O2005018669, WO020050638135,
WO02005110474, WO02005056759, WQ02005092925, WO02005018572, W02006019447,
WO02006116260, W02006023420, WQ02006047350, WO02006085967, WQ02006105338,
wWO02007021841, WO02007008943, WQ02007024249, WO02007041635, W0O2007048077,
WO02007044616, WO02007106707, WQ02008022152, WO02008140603, WO2008036688,
WO02008091798, WO02008091954, WO0O2008092117, WO02008098115, WO0O2008121160,
WO02008150494, W0O2010033736, W02014113510 (each of which 1s incorporated by reference in

its entirety)).

Considerable progress has been made 1n the treatment of hematological malignancies. That 1s 1n
contrast to the progression made mn the treatment of several types of advanced solid tumors.
Progression free survival (PFS) and overall survival (OS) of those advanced tumor types, many of
those rather frequent, was to some extent improved by new chemotherapy schemes with and without
monoclonal antibodies against €.g. VEGFR or ERGFR as combination partner to chemotherapy. But
in the past years for many of the advanced/metastatic solid tumors the progress of drug therapy was
limited. Much hope has been put into cancer immunotherapy and there are certain, but limited.,
successes. Tumors develop measures to protect their cells from destruction by T-effector cells and
other iImmune cells like macrophages. Cancer immunotherapy 1 the last decade(s) had certainly
quite some focus and success on making T-cells fit again and to re-direct them against cancer cells.
The most prominent examples are inhibitors/activators of certain immune checkpoints. Checkpoint
inhibitors like PD-1 axis antagonists have shown to re-activate T-etfector cells to fight certamn solid
cancers. But not all solid tumor types are responsive and even 1n those responsive, 1t 1s often much
less than 50% of patients having a relevant benefit from ¢.g. treatment with an anti-PD-1 or PD-L1
antibody.

Adoptive T-cell therapy with CAR T-cells and also therapy with T-cell bispecific antibodies
delivered promising clinical results in hematological malignancies. But clinical studies with adoptive
T-cell therapies, ¢.g. CAR T-cells, in various solid tumors mostly showed no or only minor response
rates (¢.g. Xu et. al. Expert Review of Anticancer Therapy 2017, 17, 1099-1106).

US20140242079 and WO2017055389 (each of which 1s incorporated by reference 1n 1its entirety)
describe CEAXCD?3 T-cell bispecific antibodies. One antibody from US20140242079 and one from
WO02017055389 are both 1 clinical development (see clinicaltnals.gov; R0O6958688 1n
NCT3866239 and RO7172508 m NCTO03539484). These T-cell bispecific antibodies bind to

S
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different epitopes of CEAxCD?3 and have different tumor cell killing potency. Regarding tumor cell
killing 1n an 1n vitro assay with human T-cells, most potent CEAxCD?3 T-cell bispecific antibodies
described m WO201705389 are by a factor of 10 to 100 or more potent than RO6958688/c1ibisatamab
(CEA-TCB).

Until recently results of clinical trials with T-cell bispecific antibodies TAA x CD3 (TAA = Tumor
Associlated Antigen) m patients with advanced solid tumors were disappointing. But preliminary
phase 1 results have been published at ASCO 2017 for the CEAxCD3 T-cell bispecific antibody
CEA-TCB (RO6958688/cibisatamab, see for example Bacac et al Clin. Cancer Res., 22(13), 3286-
97 (2016); and US20140242079) showing 1n advanced colorectal cancer patients in monotherapy
partial responses and stable disease (J. Tabemero et.al., J. Clin. Oncol. 35, 2017 (suppl. Abstr. 3002)).
At clinically active doses plasma concentrations of €.g. 300 nM have been reached for cibisatamab.
More partial responses and stable disease occurred when CEA-TCB was combined with a PD-L1
inhibiting antibody. These data show that efficacy can be achieved with CEA-TCB 1n advanced solid
tumors. But in monotherapy and also 1n the combination with a PD-L1 inhibitor, most of the patients
were still progressing and those reacting showed at best partial responses and stable disease, but no
complete responses have been achieved. One approach to get better results could be to add to T-cell
bispecific antibodies not only an inhibitor of PD-1 checkpoint axis, but to add further checkpont
inhibitors or agonists. Limited availability of T-cells within advanced solid tumors 1s certainly an
important mechanism limiting the efficacy achievable with T-cell bispecific antibodies plus PD-1
axis inhibitors and/or other checkpoint inhibitors or agonists for T-cells.

Instead of adding to the combination of a T-cell bispecific antibody and a PD-1 axis mhibitor another
therapeutic agent aiming to re-direct T-cells against tumor cells of advanced solid tumors, 1t may be
more successful to add a therapeutic agent re-directing to the tumor cells other immune cells,
especially macrophages or macrophages and natural killer NK-cells. This invention deals with
bispecific antibodies re-directing macrophages and also NK-cells agaimnst CEACAMS or CEACAMS
and CEACAMS6 expressing solid tumors as a monotherapy or mm combination with ¢.g. T-cell
bispecific antibodies and/or PD-1/PD-L1 inhibiting antibodies.

The disappointing results with CAR T-cells in solid tumors may have a simple explanation — the
number of CAR T-cells penetrating the solid tumor and distributed 1n 1t are just not sufficient. This
1s certainly different in the majority of haematological malignancies; CAR T-cells can well access
the tumor cells, explaining the difference of high efficacy mn these malignancies compared to
disappointing efficacy 1n solid tumors. In addition, CAR T-cells may be heavily suppressed by the
tumor microenvironment (TME) which 1s mostly strongly immune suppressive.

Monoclonal antibodies and also bispecific antibodies used 1n therapy can cause a variety of adverse
cttects. An important toxicity 1ssue 1s the cytokine-release syndrome (CRS), which was for example
found m therapy with alemtuzumab, muromonab-CD3, rituximab, and CD19 x CD3 bispecific

antibody blinatumomab. It was also found that treatment with anti-CD47 antibodies induced
6
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increased amounts of pro-inflammatory cytokines after anti-CD47 antibody mediated phagocytosis
(see e.g. US20160144009). Known adverse events of anti-CD47 monoclonal antibodies with wt IgG1
Fc are increased red blood cell RBC phagocytosis/lysis and platelet activation.

Theretore, there 1s a need for an improved CD47 based therapy. The inventors have found, that there
exist bispecific antibodies agaimnst CEACAMS and CD47, which combine low toxicity, low
immunogenicity and favourable pharmacokinetic properties for a high efficacy. The mventors have
also found, that there exist features of bispecific antibodies agamnst CEACAMS and CD47, which

provide them properties for a safe efficacy. The present invention provides such bispecific antibodies

against CEACAMS and CD47.

SUMMARY OF THE INVENTION
The 1nvention relates to a bispecific antibody (further named also as "CEAxCD47 bispecific
antibody”, or “bispecific antibody according to the mmvention™) comprising a first binding part
specifically binding to human CEACAMS (further named also as “CEA™) and a second binding part
specifically binding to human CD47 (further named also as “CD477) characterized in that:
a) the first binding part comprises as heavy chain variable region a heavy chain variable region
comprising a CDRHI of SEQ ID NO:1, a CDRH2 of SEQ ID NO:2 and a CDRH3 of SEQ ID NO:3,
b) the first binding part comprises as light chain variable region a light chain vanable region
comprising a CDRL set selected from the group consisting of
bl) a CDRLI1 of SEQ ID NO:17, CDRL2 of SEQ ID NO:18, and CDRL3 of SEQ ID NO:19,
b2) a CDRLI1 of SEQ ID NO:20, CDRL2 of SEQ ID NO:21, and CDRL3 of SEQ ID NO:22,
b3) a CDRL1 of SEQ ID NO:23, CDRL2 of SEQ ID NO:24, and CDRL3 of SEQ ID NO:25,
b4) a CDRL1 of SEQ ID NO:26, CDRL2 of SEQ ID NO:27, and CDRL3 of SEQ ID NO:28,
b5) a CDRLI1 of SEQ ID NO:29, CDRL2 of SEQ ID NO:30, and CDRL3 of SEQ ID NO:31,
b6) a CDRL1 of SEQ ID NO:32, CDRL2 of SEQ ID NO:33, and CDRL3 of SEQ ID NO:34,
b7) a CDRLI1 of SEQ ID NO:35, CDRL2 of SEQ ID NO:36, and CDRL3 of SEQ ID NO:37,
b8) a CDRLI1 of SEQ ID NO:38, CDRL2 of SEQ ID NO:39, and CDRL3 of SEQ ID NO:40,
b9) a CDRL1 of SEQ ID NO:41, CDRL2 of SEQ ID NO:42, and CDRL3 of SEQ ID NO:43,
bl10) a CDRLI of SEQ ID NO:44, CDRL2 of SEQ ID NO:45, and CDRL3 of SEQ ID NO:46,
bll)a CDRLI of SEQ ID NO:47, CDRL2 of SEQ ID NO:48, and CDRL3 of SEQ ID NO:49,
bl2) a CDRLI of SEQ ID NO:50, CDRL2 of SEQ ID NO:51, and CDRL3 of SEQ ID NO:52,
bl3) a CDRLI of SEQ ID NO:53, CDRL2 of SEQ ID NO:54, and CDRL3 of SEQ ID NO:55,
bl4) a CDRLI of SEQ ID NO:56, CDRL2 of SEQ ID NO:57, and CDRL3 of SEQ ID NO:38,
bl5)a CDRLI of SEQ ID NO:59, CDRL2 of SEQ ID NO:60, and CDRL3 of SEQ ID NO:61,
bl6) a CDRLI of SEQ ID NO:62, CDRL2 of SEQ ID NO:63, and CDRL3 of SEQ ID NO:64,
bl7) a CDRLI of SEQ ID NO:71, CDRL2 of SEQ ID NO:72, and CDRL3 of SEQ ID NO:73,
bl18) a CDRL1 of SEQ ID NO:142, CDRL2 of SEQ ID NO:143, and CDRL3 of SEQ ID NO:144,
7
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b19) a CDRL1 of SEQ ID NO:145, CDRL2 of SEQ ID NO:146, and CDRL3 of SEQ ID NO:147,
b20) a CDRL1 of SEQ ID NO:148, CDRL2 of SEQ ID NO:149, and CDRL3 of SEQ ID NO:150,
b21) aCDRLI1 of SEQ ID NO:151, CDRL2 of SEQ ID NO:152, and CDRL3 of SEQ ID NO:133,
b22) a CDRL1 of SEQ ID NO:154, CDRL2 of SEQ ID NO:155, and CDRL3 of SEQ ID NO:156,
and

b23) a CDRL1 of SEQ ID NO:157, CDRL2 of SEQ ID NO:158, and CDRL3 of SEQ ID NO:159,
and

¢) the second binding part comprises as heavy chain variable region a heavy chain variable region
comprising a CDRHI of SEQ ID NO:1, a CDRH2 of SEQ ID NO:2 and a CDRH3 of SEQ ID NO:3,

and as light chain variable region a light chain variable region comprising a CDRL1 of SEQ ID NO:7,
a CDRL2 of SEQ ID NO:8, and a CDRL3 of SEQ ID NO:9.

In one embodiment, the mmvention relates to a bispecific antibody according to the invention,
characterized 1n comprising 1n the first binding part a heavy chain region sequence of SEQ ID NO:5

and as light chain a light chain selected from the group of
a) the light chain of SEQ ID NO:77,
b) the light cham of SEQ ID NO:78,
¢) the light chain of SEQ ID NO:79,
d) the light chain of SEQ ID NO:80,
¢) the light chain of SEQ ID NO:81,
f) the light chain of SEQ ID NO:82,
g) the light chain of SEQ ID NO:83,
h) the light chain of SEQ ID NO:84,
1) the light chain of SEQ ID NO:83,
k) the light chain of SEQ ID NO:86,
1) the light chain of SEQ ID NO:87,
m) the light chain of SEQ ID NO:88,
n) the light chain of SEQ ID NO:89,
0) the light chain of SEQ ID NO:90,
p) the light chain of SEQ ID NO:91,
r) the light chain of SEQ ID NO:92,
s) the light chain of SEQ ID NO:174,
t) the light chain of SEQ ID NO:175,
u) the light chain of SEQ ID NO:176,
v) the light chain of SEQ ID NO:177,
w) the light cham of SEQ ID NO:178,
x) the light chain of SEQ ID NO:179, and
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y) the light chain of SEQ ID NO:180, and
b) comprising 1n the second binding part a heavy chain region sequence of SEQ ID NO:5 and as light
chain a light chain of SEQ ID NO:11.

In one embodiment, the 1nvention relates to a bispecitic antibody according to the invention,
characterized in comprising in the first binding part a heavy chain region sequence of SEQ 1D NO:5
and as light chain a light chain selected from the group of

a) the light chain of SEQ ID NO:74,

b) the light chain of SEQ ID NO:73,

¢) the light chain of SEQ ID NO:76,

d) the light chain of SEQ ID NO:167,

¢) the light chain of SEQ ID NO: 168,

f) the light chain of SEQ ID NO:169,

g) the light chain of SEQ ID NO:170,

h) the light chain of SEQ ID NO:171,

1) the light chain of SEQ ID NO: 172,

k) the light chain of SEQ ID NO: 173,

and

b) comprising 1n the second binding part a heavy chain region sequence of SEQ ID NO:5 and as light
chain a light chain of SEQ ID NO:181.

In one embodiment, the 1nvention relates to a bispecitic antibody according to the invention,
characterized 1in comprising 1n the first binding part and 1n the second binding part as variable heavy
chain region a vaniable heavy chain region of SEQ ID NO:4 and 1n the second binding part as variable
light chamn region a variable light chain region of SEQ ID NO:10.

In one embodiment, the mmvention relates to a bispecific antibody according to the invention,
characterized 1n specifically binding to human CEACAMS and cynomolgus CEACAMS.

In one embodiment, the 1nvention relates to a bispecitic antibody according to the invention,
characterized 1n specifically binding to human CEACAMS, cynomolgus CEACAMS and human
CEACAMBS.

In one embodiment, the mmvention relates to a bispecific antibody according to the invention,
characterized 1n that said bispecific antibody competes for binding to CEACAMS with the anti-
CEACAM)S antibody SM3E, which comprises as VK and VH domains VK and VH of sequences
SEQ ID NO:110 and 111.

In one embodiment the bispecific antibody 1s K2AC33 and K2AC54 and derivatives comprising the

CDR regions and/or the light and heavy chains of said antibodies as described above.
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In one embodiment, the invention relates to a bispecific antibody specifically binding to human
CEACAM)S and human CD47 characterized 1n that the Fc region has been glycoengineered to have
a reduced number of fucose residues as compared to the same but non-glycoengineered bispecific
antibody.

The antibody according to the invention 1s one embodiment characterized in specifically binding to
human CEACAMS and not to human CEACAMS6 1n the first binding part and specifically binding
to human CD47 1n the second binding part. The term “not binding to human CEACAMG6™ means that
in an ELISA based binding assay (example 8f) to the recombinant human CEACAMBG6 protein 1n one
embodiment a concentration dependent binding curve cannot be established due to very weak or no
binding or in another embodiment EC50 for binding 1s 100 or more times higher than EC50 for
binding to recombinant human CEACAMS.

The antibody according to the invention 1s one embodiment characterized 1n specifically binding to
human CEACAMS and human CEACAMS6 1n the first binding part and to human CD47 1n the second
binding part. In one embodiment the vention relates to a bispecific antibody CEAxCD47
specifically binding in a balanced manner to human CEACAMS and human CEACAMSG6. In one¢
embodiment the bispecific antibody 1s characterized 1in binding to human recombinant CEACAMS
and CEACAMBS6, characterized 1n that the EC50 values of binding to human CEACAMS and human
CEACAMG6 differing by less than a factor of 10. In one embodiment the bispecific antibody 1s
characterized m binding to human CEACAMS and CEACAMSG6, characterized m that the EC50
values of binding to human CEACAMS and human CEACAMG6 differing by less than a factor of 5
(balanced CEACAMS and CEACAMSG6 binding, binding in balanced manner, see figures 4 and 5 and
table 6). Binding 1s measured 1n a streptavidin/biotin-based ELISA (see example 8f). Such bispecitic
antibodies are ¢.g. K2ZAC49 and K2AC50 and denvatives comprising the CDR regions and/or the

light and heavy chains of said antibodies as described above.

The antibody according to the invention 1s one embodiment characterized in a balanced
human/cynomolgus CEACAMS binding (EC50 for binding to recombinant human CEACAMS and
cynomolgus CEACAMS do not differ by more than a factor of 10, in one embodiment a factor of 5).
In one embodiment of the mvention these antibodies are characterized in human CEACAMSG6 binding
with an EC50 for binding to the recombinant human CEACAMSG6 (ELISA based assay, see Example
81) of 1 nM or lower.

In onec embodiment the present invention provides a bispecific antibody, specifically binding to
human CEACAMS and cynomolgus CEACAMS in the first binding part and human CD47 in the
second binding part, characterized

a) that the first binding part comprises a heavy chain varnable region comprising as CDRs a CDRHI1
of SEQ ID NO:1, CDRH2 of SEQ ID NO:2 and CDRH3 of SEQ ID NO:3 and as light chain varable

10
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region a light chain vanable region comprising as CDRs a CDRL1 of SEQ ID NO: 53, a CDRL2 of
SEQ ID NO: 534, and a CDRL3 of SEQ ID NO: 35, and

b) that the second binding part comprises a heavy chain varniable region comprising as CDRs a
CDRHI of SEQ ID NO:1, CDRH2 of SEQ ID NO:2 and CDRH3 of SEQ ID NO:3 and as light chain
variable region a light chain vanable region comprising as CDRs a CDRL1 of SEQ ID NO:7, CDRL2
of SEQ ID NO:8, and CDRL3 of SEQ ID NO:9. In one embodiment of the invention this antibody
1s characterized in a balanced human/cynomolgus CEACAMS binding (antibody K2AC534).
Balanced binding means that the binding curves to recombinant human and cynomolgus CEACAMS
do not differ by more than a factor of 10 regarding the EC50 (see also fig.6; the range of factor 10
means EC50 of CEACAMS:.CEACAMG6 1s 1:10 to 10:1; analogous for factor 5). In one embodiment
the binding curves to recombinant human and cynomolgus CEACAMS do not differ by more than a
factor of 5 regarding the EC50 (see also fig.6). This balanced binding to human and cynomolgus
CEACAMS together with the cross reactivity of the CD47 arm used 1n all the bsAb of this invention
to cynomolgus CD47 allows the study of the toxicological profile of the bsAb according to the

invention 1in cynomolgus monkeys.

In one embodiment, the bispecific antibody according to the mnvention 1s characterized in that said
bispecific antibody competes with the anti-CEA antibody SM3E, comprising as VK and VH domains
VK and VH of sequences SEQ ID NO:110 and 111, for binding to CEACAMS.

In one embodiment, the bispecific antibody according to the invention 1s characterized in that said
bispecific antibody does not compete with anti-CEA antibodies SAR, comprising as VK and VH
domains VK and VH of sequences SEQ ID NO:112 and 113. In one embodiment said bispecific
antibody does not compete with anti-CEA antibodies SAR, comprising as VK and VH domains VK
and VH of sequences SEQ ID NO:112 and 113 and CH1A1A, comprising as VK and VH domains
VK and VH of sequences SEQ ID NO:114 and 115 for binding to CEACAMS. CH1A1A competition

was not measured.

In one embodiment, the bispecific antibody according to the invention 1s characterized i that the
EC50 value of phagocytosis index curve of said bispecific antibody 1s 1n the range of 0.01 to 10 times
of the EC50 value of reference antibody K2AC54 under the same experimental conditions. In further
embodiments the range 1s 0.01 to 10, 0.1 to 10, 0.2 to 10, 0.3 to 10, or 0.5 to 10. EC50 values of
phagocytosis are measured as EC30 values of the phagocytosis index curve (1maging-based
phagocytosis assay, see Example 9 and figure 3). In one embodiment the EC50 value 1s 1 such range
in the presence of lmg/ml human IgG or without human IgG.

In one embodiment, the bispecific antibody according to the invention 1s characterized 1n that in
presence of Img/ml human IgG the maximal phagocytosis index (see example 9¢; Celllnsight™

based assay) of said bispecific antibody 1s not decreased by 30% or more in comparison to the
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maximal phagocytosis index measured under the same experimental conditions but without addition
of human IgG.

In onec embodiment, the bispecific antibody according to the mvention 1s characterized i being
monovalent for the first binding part and monovalent for the second binding part.

In one embodiment, the constant and variable framework region sequences are human.

In one embodiment, the bispecific antibody according to the invention 1s characterized in that each
of the first and second binding part comprises an i1mmunoglobulin heavy chamm and an
immunoglobulin light chain. In one embodiment the bispecific antibody 1s characterized in being of

human IgG1 type. In one embodiment the bispecific antibody 1s a full-length antibody.

In one embodiment, the bispecific antibody according to the invention 1s characterized in comprising
a first binding part specific for CEA, comprising a lambda light chain variable domain and a lambda
light chain constant domain and a second binding part specific for CD47, comprising a kappa light
chain variable domain and a kappa light chain constant domain (ki bispecific antibody, ki Body,
type 1; see table 1). In one such embodiment, the second binding part comprises as light chamn LC
(CD47 VKCK) the light chain of SEQ ID NO: 11 and 1n the first binding part the constant light chain
domain 1s the lambda light chain constant domain of SEQ ID NO:15. The kappa light chain of SEQ
ID NO:11 comprises as variable light chain domain the variable light chain domain of SEQ ID NO: 10
(Mab CD47 VK) and as constant light chain domain the constant light chain domain of SEQ ID
NO:13 (Mab CD47 CK).

In one embodiment, the bispecitic antibody according to the mvention 1s characterized in comprising
a first binding part specifically binding to CEA, comprising a kappa light chain variable domain and
a lambda light chain constant domain (hybrid light chain) and a second binding part specifically
binding to CD47, comprising a kappa light chain variable domam and a kappa light chain constant
domain (hybrid versions of bispecific antibodies K2AC41, K2AC42,K2A(C43, K2AC60, K2AC61,
K2AC62, K2ZAC63, K2AC64, K2AC65, and K2AC66; A bispecific antibody, ki Body, type 2, see
table 1 and fig.1B). In one such embodiment, the second binding part comprises as kappa light chain
(CD47 VKCK) the kappa light chain of SEQ ID NO:11, and in the first binding part the lambda
constant light chain domain of SEQ ID NO:15 (AC CEA CL). The kappa light chain of SEQ ID
NO:11 comprises as variable light chain domain the variable light chain of SEQ ID NO:10 (CD47
VK) and as constant light chain the constant light chain of SEQ 1D NO:13 (CD47 CK).

In one embodiment, the bispecitic antibody according to the mvention 1s characterized in comprising
a first binding part specifically binding to CEA, comprising a kappa light chain variable domain and
a kappa light chain constant domain and a second binding part specifically binding to CD47,
comprising a kappa light chain varniable domain and a lambda light chain constant domamn (hybnd
bispecific antibodies; kA bispecific antibody, ki Body, type 3, fig.1C). In one such embodiment, the
second binding part comprises as light chain the light chain of SEQ ID NO:181 (MabCD47 VKCL,
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hybrid light chain) and 1n the first binding part the kappa CL of SEQ ID NO:16. The light chain of
SEQ ID NO:181 (MabCD47 VKCL) comprises as varniable light chain domain the kappa variable
light chain domain of SEQ ID NO:10 (CD47 VK) and as constant light chain domain the lambda
constant light chain domain of SEQ ID NO:14 (CD47 CL).

In one embodiment, the bispecific antibody according to the invention 1s of fully human bispecific
IgG (especially IgG1) format and 1n addition a ki bispecific antibody of type 1, type 2 or type 3.

In one embodiment, the bispecific antibody according to the invention 1s characterized 1n being a ki
bispecific antibody of type 1, type 2, or type 3 and comprising a common heavy chain (cHC). In one
embodiment, the common heavy chain comprises as variable heavy chain a variable heavy chain of
SEQ ID NO:4. In one embodiment, the bispecific antibody according to the invention 1s characterized
in comprising a common heavy chain of SEQ ID NO:5

In one embodiment, the bispecific antibody 1s characterized in binding to human CD47 with a
binding affinity (Kp) of 100 nM to 600nM, 1n one embodiment with a binding affinity of 100 nM to
500nM.

In one embodiment, the bispecific antibody 1s characterized in binding to MKN-45 cells with an
EC50 value of 1 to 250 nM, mm one embodiment with an EC50 value of 1 to 200 nM. In one
embodiment with an EC50 value of 1 to 150 nM. In one embodiment, the bispecific antibody 1s
characterized in binding to MKN-45 cells with a value of 1 to 30 nM. In on¢ embodiment, the
bispecific antibody 1s characterized 1in binding to MKN-45 cells with an EC50 value of 10 to 30 nM.
In one embodiment, the bispecific antibody 1s characterized in binding to MKN-45 cells with an

EC50 value of 10 to 100 nM.

In one embodiment the bispecific antibody 1s characterized mn that 1t does not cross-react with human

CEACAMI.

In one embodiment the bispecific antibody according to the invention 1s characterized in that a
bispecific antibody specifically binding to human CEACAMS and CD3¢ (further named also as
CEA-TCB), comprising as heavy chains the heavy chains of SEQ ID NO:107 and 108 and as light
chains the light chains of SEQ ID NO: 106 and 109 m a concentration of 300 nM does not shift the
EC50 of the binding curve of the bispecitic antibody of the invention to MKN-45 cells by more than
a factor of 3, 1n one embodiment towards higher concentrations. In such case the bispecific antibody
according to the invention and CEA-TCB are defined as “not competitive” and considered able to
bind simultanecously to CEA without significantly interfering in binding to said CEA. CEA-TCB 1s
in clinical trials (cibisatamab or RO 6958688; ClinicalTrials.gov NCT03866239).

In one embodiment the bispecific antibody according to the imvention 1s characterized that a
bispecific antibody specifically binding to human CEACAMS and CD3¢ (further named also as
CEA-TCBI), comprising as heavy and light chains the chains of amino acid sequences SEQ ID NO:
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102 to 105 1n a concentration of 30 nM does not shift the EC350 of the binding curve of the bispecific
antibody of the invention to MKN-45 cells by more than a factor of 3, in one embodiment towards
higher concentrations. In such case the bispecific antibody according to the invention and CEA-
TCBI are defined as “not competitive™ and considered able to bind simultancously to CEA without
significantly interfering in binding to said CEA. In such case the bispecific antibody according to the
invention and CEA-TCB and/or CEA-TCBI1 are defined as “not competitive™ and considered able to
bind simultancously to CEA without significantly interfering in their binding to said CEA.

In one embodiment the bispecific antibody according to the invention 1s characterized in that a
bispecific antibody specifically binding to human CEACAMS and CD3¢ (further named also as
CEA-TCBI1), comprising as heavy and light chains the chains of amino acid sequences SEQ ID NO:
102 to 105, 1n a concentration of 30 nM does not shift the EC50 of the phagocytosis index curve of
the bispecific antibody of the invention to MKN-45 cells by more than a factor of 3, in one
embodiment towards higher concentrations. In such case the bispecific antibody according to the
invention and CEA-TCBI1 are defined as “not competitive” and considered able to bind
simultancously to CEA without significantly interfering i their binding to said CEA, and can
therefore develop its effect on phagocytosis (CEAxCD47) undisturbed and also its effect on T-cell
activation (CEAXTCB1) undisturbed, even 1if therapeutic levels of both drugs are simultancously
present in the tumor tissue.

In one embodiment the bispecific antibody according to the mmvention 1s characterized that a
bispecific antibody specifically binding to human CEACAMS and CD3¢ (further named also as
CEA-TCB), comprising as heavy and light chains the chains of amino acid sequences SEQ 1D NO:
106 to 109 1n a concentration of 300 nM does not shift the EC50 of the phagocytosis index curve of
the bispecific antibody of the invention to MKN-45 cells by more than a factor of 3, in one
embodiment towards higher concentrations.. In such case the bispecific antibody according to the
invention and CEA-TCB are defined as “not competitive™ and considered able to bind simultaneously
to CEA without significantly mterfering i their binding to said CEA and can therefore develop 1ts
cttect on phagocytosis (CEAxCD47) undisturbed and also 1ts effect on T-cell activation (CEA-TCB)
undisturbed, even 1if therapeutic levels of both drugs are simultancously present in the tumor tissue.
This facilitates combination treatment of CEA-TCB/TCB1 with CEAxCD47 of this invention.

The sequences of SEQ ID NO: 106 to 109 and SEQ ID NO:116 are according to US20140242079
(CEA-TCB) and the sequences of SEQ ID NO:102 to 105 and SEQ ID NO:117 are according to
WO02017055389 (CEA-TCB1) (each of which 1s incorporated by reference herem 1n 1ts entirety).

In one embodiment the CEAxCD47 bispecific antibodies of the invention combined with CEAxCD3
bispecific antibodies like CEA-TCB and CEA-TCB1 show at least additive or even synergistic %
killing of tumor cells 1n an assay contamning ¢.g. MKN-45 tumor cells and human macrophages and

T-cells dertved from the same volunteer human donor.
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In one embodiment, the bispecific antibody 1s characterized in comprising a common heavy chain
(cHC) as heavy chain of the first binding part and as heavy chamn of the second binding part. In one
embodiment, the bispecific antibody 1s characterized i that said common heavy cham of each
binding part comprises as CDRs CDRHI of SEQ ID NO:1, CDRH2 of SEQ ID NO:2 and CDRH3
of SEQ ID NO:3. In one embodiment, the bispecific antibody 1s characterized 1n that said common
heavy chain of each binding part comprises as common variable heavy domain SEQ ID NO:4.

In one embodiment, the bispecific antibody according to the invention 1s characterized in inhibiting

the interaction between CD47 on MKN-45 cells with an IC50 of 0.1 to 10 nM. SIRPa (SIRPa,
CD172a; UniProtKB P78324) 1s used 1 a concentration of 200 ng/ml (His tagged soluble SIRPa).
Details of the assay are described in example 8 (SIRPa Blocking Activity of CD47 Antibodies), and
results are shown 1n Table 4.

In one embodiment the bispecific antibody of the invention 1s characterized in a concentration
dependent phagocytosis (ADCP) of CEACAMYS and/or CEACAMSG6 expressing tumor cell lines like
MKN-45 cells by human macrophages at an EC50 of the bispecific antibody below 40nM, 1n one
embodiment below 10 nM (1 ug/mL are approx. 6.6 nM). ADCP 1s measured according to the
invention as phagocytosis index (EC50 or maximum) by imaging, usually with an E: T ratio of 1:3
(human macrophages:target cells (tumor cells); see €.g. Fig.3 and table 5 for EC50 values and for
max. index of phagocytosis). Results i figure 3 have been obtamed with E:T of 1:3. Details of the
assay are described m example 9¢).1. (Imaging assay based on Celllnsight CX5). If not otherwise
stated, phagocytosis index values are measured by such imaging method.

ADCP can be also measured by Flow Cytometry with an E:T ratio of eg. 3:1 (human
macrophages;target cells (tumor cells). Details of the assay are described in example 9¢).2 (Flow
cytometry based ADCP assay).

In one embodiment, the bispecific antibody 1s characterized in specifically binding to CEACAMS
but 1s not competing for binding to CEACAMS on tumor cells like MKN-45 with CEA-TCB and/or
CEA-TCBI.

In one embodiment, the bispecific antibody according to the invention 1s characterized i that the
EC50 value for the binding to MKN-45 cells (EC50 between 1 and 250 nM) 1s increased by less than
a factor of three by addition of CEA-TCB at a concentration of 300 nM respectively by addition of
CEA-TCBI at a concentration of 30 nM (no competition).

In one embodiment, the CEAxCD47 antibodies of the invention show a 100 or more times higher
EC50 for RBC phagocytosis compared to the EC50 measured in the same assay with B6H12.2
(ATCC® HB9771™; for assay see Example 15).

In onc embodiment, the CEAxCD47 antibodies of the invention (carrying wt IgG1 Fc w/o or with
afucosylation) do not show significant platelet activation in concentrations up to 200 pg/mL (see

Example 15 for the assay used).
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In one embodiment, the CEAxCD47 antibodies of the invention has been glycoengineered to have
an Fc region with modified oligosaccharides. In one embodiment the bispecific antibody according
to the mvention comprises a reduced amount of fucose i the oligosaccharide chain(s). It was
surprisingly found, that such a glycoengineered bispecific antibody according to the mvention 1s
characterized 1n an at least 3 times lower EC50 value for the phagocytosis index curve measured by
the 1imaging based assay) as the same not glycoengineered (parent) bispecific antibody 1f measured
under the same experimental conditions. In one embodiment ECS50 for the phagocytosis index 1s 3 to
10 times lower, or 10 to 30 times lower). In one embodiment, the Fc region has been modified to
have a reduced number of fucose residues as compared to the same but non-glycoengineered
bispecific antibody. In another embodiment, the Fc region has an increased proportion of bisected
oligosaccharides as compared to the non-glycoengineered bispecific antibody. In yet another
embodiment, the bisected oligosaccharides are predominantly bisected complex. In another
embodiment, the glycoengineered antigen binding molecules of the mmvention have an increased
proportion of bisected, nonfucosylated oligosaccharides in the Fc region of said bispecific antibody
as compared to the non-glycoengineered bispecific antibody. Alternatively, the bispecific antibodies
of the invention may have an increased ratio of GIcNACc residues to fucose residues 1in the Fc region
compared to the non-glycoengineered bispecific antibody. In one embodiment, the bisected,
nonfucosylated oligosaccharides are predominantly i hybnd form. Alternatively, the bisected,
nonfucosylated oligosaccharides are predominantly complex type.

In one embodiment the bispecific antibody according to the invention 1s characterized mn that 50% to
100% of the N-linked oligosaccharides 1n the Fc region are nonfucosylated.

In one embodiment the bispecific antibody according to the invention 1s characterized in that the
fucose amount 1n the oligosaccharide chain(s) of the bispecific antibody according to the invention
1s reduced by 80% to 100% compared to the fucose content of the respective antibody, 1f no
afucosylation method 1s applied.

In one embodiment the bispecific antibody 1s characterized n that 50% to 100% of the N-linked
oligosaccharides 1n the Fc region are bisected.

In one embodiment the bispecific antibody 1s characterized that 80% to 100% of the N-linked
oligosaccharides 1n the Fc region are bisected and nonfucosylated.

In onc embodiment the bispecific antibody 1s characterized i that concentration/ADCC curve
(decrease of EC50 or increase of maximum of ADCC) induced by said glycoengineered antibody 1s
increased by at least a factor of 1.2 compared to the ADCC induced by the same but non-
olycoengineered bispecific antibody. In one embodiment ADCC 1s increased by a factor of 1.2 to
2.0.

In one embodiment the bispecific antibody 1s characterized 1n an at least 3 times lower EC50 value
for the phagocytosis index curve measured by the imaging based assay as compared to the same but

not glycoenginecred (parent) bispecific antibody 1f measured under the same experimental
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conditions. In one embodiment EC50 for the phagocytosis index 1s 5 to 10 times lower, or 10 to 30
times lower

In one embodiment the bispecific antibody 1s characterized 1n that the maximal phagocytosis index
induced by said glycoengineered antibody and measured by flow cytometry 1s increased by at least
a factor of 1.2 compared to the maximal phagocytosis index induced by the same but non-
glycoenginecred bispecific antibody. In one embodiment maximal phagocytosis index 1s increased
by a factorof 1.2 to 2.0.

In one embodiment the bispecific antibody 1s characterized 1n that the maximal phagocytosis index
induced by said glycoengineered antibody and measured by imaging 1s increased by at least a factor
of 1.2 compared to maximal phagocytosis index induced by the same but non-glycoengieered

bispecific antibody. In one embodiment maximal phagocytosis index 1s increased by a factor of 1.2

to 2.0,

In one embodiment the bispecific antibody according to the invention 1s characterized in comprising
one, two or three amino acid substitutions 1n the Fc region (“Fc amino acid substitution™) selected
from the group consisting of mono-substitutions S239D, 1332E, G236A, of bi-substitutions 1332E
and G236A, S239D and I332E, S239D and G236A, and of triple-substitution S329D and I332E and
G236A.
In one embodiment the bispecific antibody according to the invention 1s characterized in comprising
on¢, two or three amino acid substitutions 1n the Fc region selected from the group consisting of
mono-substitutions S239D, I332E, G236A, of bi-substitutions I332E and G236A, S239D and 1332E,
S239D and G236A, and triple-substitution S329D and 1332E and G236A and a Fc¢ region which has
been glycoengineered to have a reduced number of fucose residues as compared to the same but non-
glycoengineered bispecific antibody.
In one embodiment the bispecific antibody comprising said substitutions m the Fc region 1s
characterized 1 that concentration/ADCC curve (decrease of EC50 or mcrease of maximum of
ADCC) induced by said amino acid substituted antibody 1s increased by at least a factor of 1.2
compared to the ADCC induced by said antibody comprising none of said amino acid substitutions
in the Fc region. In one embodiment ADCC 1s increased by a factor of 1.2 to 2.0.
In one embodiment the bispecific antibody comprising said substitutions m the Fc region 1s
characterized 1n an at least 3 times lower EC50 value for the phagocytosis index curve measured by
the 1maging based assay as compared to the same (parent) bispecific antibody comprising none of
said amino acid substitutions in Fc region, if measured under the same experimental conditions. In
onc embodiment EC50 for the phagocytosis index 1s 5 to 10 times lower, or 10 to 30 times lower.
In onc embodiment the bispecific antibody comprising said substitutions m the Fc region 1s
characterized m that flow cytometry determined maximal phagocytosis (ADCP) induced by said
amino acid substituted antibody 1s increased by at least a factor of 1.2 compared to the ADCP induced
17
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by said antibody comprising none of said amino acid substitutions i the Fc region. In one
embodiment ADCP 1s increased by a factor of 1.2 to 2.0. In one embodiment the bispecific antibody
comprising said substitutions in the Fc¢ region 1s characterized in that by imaging determined maximal
phagocytosis index induced by said amino acid substituted antibody 1s increased by at least a factor
of 1.2 compared to the ADCP induced by said antibody comprising none of said amino acid

substitutions 1n the Fc region. In one embodiment ADCP 1s increased by a factor of 1.2 to 2.0.

In one embodiment, the bispecific antibody according to the invention 1s characterized in that 50%
to 100%, 60% to 100%, 70% to 100% or 80% to 100% of the N-linked oligosaccharides 1n the Fc
region are non-fucosylated. In one embodiment, the bispecific antibody according to the invention 1s
characterized 1 50% to 100%, 60% to 100%., 70% to 100% or 80% to 100% of the N-linked
oligosaccharides 1n the Fc¢ region are bisected. In one embodiment, the bispecific antibody according
to the mvention 1s characterized in that 50% to 100%, 60% to 100%. 70% to 100% or 80% to 100%
of the N-linked oligosaccharides i the Fc region are bisected, nonfucosylated.

In one embodiment, the glycoengineered bispecific antibody comprises increased effector functions
compared to the non-glycoenginecred bispecific antibody comprising as common heavy chain SEQ
ID NO:6 (common heavy chain of parent bispecific antibody, produced in a CHO K1 cell line CHO-
K1 (ATCC® CCL-61™ at standard conditions as defined below).

In one embodiment, the bispecific antibody according to the invention 1s characterized in that said
glycoengincered bispecific antibody comprises one or more increased effector functions such as
those from the group consisting of increased binding affinity to FcyRs, increased binding of
macrophages (increased antibody dependent cellular phagocytosis; ADCP), increased binding of NK
cells (increased antibody-mediated cellular cytotoxicity; ADCC), and increased binding to
monocytes.

The concentration/phagocytosis index curve measured for the anti-CD47 monoclonal antibody
hu3SF9-G4 (tested m clinical trials since 2014, see ¢.g. clinicaltrial.gov) 1s strongly reduced by the
addition of human IgG added in physiological concentrations of 1 mg/mL to the assay (increase of
EC50 and decrease of the maximum of the phagocytosis curve measured in imaging based assay).
In one embodiment the CEAxCD47 antibodies of the invention show only a small shift of a factor of
3 or below of EC50 and 30% decrease or less of the maximum of the concentration/phagocytosis
index curve 1if Img/mL human IgG 1s added compared to same assay but without addition of human
IgG.

In one embodiment the CEAxCDA47 antibodies of the invention are characterized 1n that addition of
1 mg /mL of human IgG to the imaging based phagocytosis assay causes a less than a factor of 0.8
reduction of the maximum of the concentration/phagocytosis mdex curve and/or a less than a factor

of 3 shift of the EC50 towards higher concentrations.
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A further embodiment of the invention 1s an 1solated polynucleotide characterized m encoding a
bispecific antibody according to the invention.

A further embodiment of the mvention 1s an expression vector comprising the polynucleotide
according to the invention. Appropnate polynucleotides are described in SEQ 1D NO:12, 119 -141,
and 160 — 166.

A further embodiment of the invention 1s a host cell comprising the expression vector according to
the invention.

A further embodiment of the invention 1s a method for the production of a bispecific antibody
according to the invention, characterized in comprising:

a) culturing a host cell comprising an expression vector encoding said bispecific antibody under
conditions which permit the production of said antibody of the invention, and

b) 1solating said antibody wherein said antibody 1s capable of specifically binding to CEACAMS and
CDA47.

In onc embodiment, the invention comprises a method for producing a glycoengineered bispecific
antibody according to the invention, lacking fucose or with a reduced amount of fucose on its
oligosaccharide chains 1n a host cell, said method comprising:

a) providing a host cell comprising a first polynucleotide encoding GDP-6-deoxy-D-lyxo-
4-hexylose reductase (RMD) and a second polynucleotide encoding the bispecific antibody
according to the invention,

11) expressing GDP-6-deoxy-D-lyxo-4-hexylose reductase encoded by the first polynucleotide and
the bispecific antibody according to the mvention encoded by the second polynucleotide 1n said cell,
whereby said cell 1s cultivated 1n one embodiment 1n a fucose free medium, and

111) 1solating said bispecific antibody from said cell under conditions which permit the production of
said bispecific antibody of the invention, and which permit that the oligosaccharides of the Fc region
of said bispecific antibody are lacking fucose 1n an amount of 80% to 100%; and

b) 1solating said glycoengineered bispecific antibody wherein said glycoengineered bispecific
antibody 1s capable of specifically binding to CEACAMS and to CD47 or CEACAMS and
CEACAMS and CEACAMSG6 and to CD47.

The second polypeptide encoding the antibody of the invention can be one polypeptide encoding all
respective two different light chains and the common heavy chain or separate polypeptides, encoding
separately the respective light and heavy chains. Also the expression vector can be one, two or three

vectors expressing the respective two different light chains and the common heavy cham.

In one embodiment, the mnvention comprises a method for producing a glycoengineered bispecific

antibody according to the invention in a host cell, said method comprising:
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a) culturing a host cell glycoengineered to express at least one nucleic acid encoding a polypeptide
having [(1,4)-N-acetylglucosaminyltransterase IlI activity under conditions which permit the
production of said bispecific antibody of the invention, and which permit the modification of the
oligosaccharides present on the Fc region of said bispecific antibody; and

b) 1solating said glycoengineered bispecific antibody wherem said glycoengineered bispecific
antibody 1s capable of specifically binding to CEACAMS and CD47.

In one embodiment, the invention comprises a method for producing a glycoengineered bispecific
antibody 1n a host cell, said method comprising:

a) culturing a host cell glycoengineered by targeted disruption of the FUT8 gene under conditions
which permit the production of said bispecific antibody of the mmvention, and which permit the
modification of the oligosaccharides present on the Fc region of said bispecific antibody, and

b) 1solating said glycoengineered bispecific antibody wherem said glycoengineered bispecific
antibody 1s capable of specifically binding to CEACAMS and CD47.

In one embodiment, the invention comprises a method for producing a Fc substituted bispecific
antibody according to the invention in a host cell, said method comprising:

a) culturing a host cell comprising an expression vector encoding a Fc substituted, bispecific antibody
of the invention under conditions which permit the production of said bispecific antibody, and

b) 1solating said Fc substituted bispecific antibody wheremn said bispecific antibody 1s capable of
specifically binding to CEACAMS and CDA47.

A further embodiment of the invention 1s a method of inducing cell lysis of a tumor cell comprising
contacting the tumor cell with a bispecific antibody according to the mnvention. The tumor cell 1s a
human tumor cell, preferably 1n a patient.

A further embodiment of the mvention 1s a method according to the mvention, characterized 1n that
the tumor cell 1s a colorectal cancer cell, NSCLC (non-small cell lung cancer) cell, gastric cancer
cell, pancreatic cancer cell, breast cancer cell, or another tumor cell expressing CEACAMS or
CEACAM)S and CEACAMG6.

A further embodiment of the invention 1s a method of treating a subject having a cancer that expresses
CEACAMS or CEACAMS and CEACAMS6, the method comprising administering to the subject a
therapeutically effective amount of a bispecific antibody according to the mnvention.

A further embodiment of the invention 1s a method of increasing survival time 1n a subject having a
cancer that expresses CEACAMS or CEACAMS and CEACAMS6, said method comprising
administering to said subject a therapeutically eftective amount of a bispecific antibody according to
the invention.

A further embodiment of the mvention 1s a method according to the invention, characterized 1n that
the cancer 1s colorectal cancer, non-small cell lung cancer (NSCLC), gastric cancer, pancreatic

cancer or breast.
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A further embodiment of the mvention 1s a method according to the mvention, characterized 1n that
a bispecific antibody according to the invention 1s administered in combination with chemotherapy
or radiation therapy to a human subject.

A further embodiment of the mnvention 1s a method of treating a subject having a cancer that expresses
CEACAMS or CEACAMS and CEACAMS6, the method comprising administering to the subject a
therapeutically effective amount of a bispecific antibody according to the mvention, characterized in
that the EC50 value of phagocytosis of said bispecific antibody 1s 1n the range of 0.01 to 10 times of
the E50 value of reference antibody K2AC54 under the same experimental conditions and in the
presence and/or without of Img/ml human IgG. In further embodiments the range 1s 0.01 to 10, 0.1
to 10, 0.2 to 10, 0.3 to 10, or 0.5 to 10. In one embodiment the bispecific antibody 1s characterized
in binding to human CD47 with a binding atfinity of 100 nM to 600nM, 1n one¢ embodiment with a
binding affinity of 100 nM to 500nM. Bispecific antibody K2AC54 1s described by sequences SEQ
ID NO:1 to 13, 15, 53, 54, 55 and 89.

A further embodiment of the invention 1s the use of a bispecific antibody according to the invention
in a method of treating a subject having a cancer that expresses CEACAMS or CEACAM)S and
CEACAMBSG6, the method comprising administering to the subject a therapeutically effective amount
of a bispecific antibody according to the invention, characterized in that the EC50 value of
phagocytosis of said bispecific antibody 1s m the range of 0.01 to 10 times of the ES0 value of
reference antibody K2A(C54 under the same experimental conditions and 1n the presence or without
of Img/ml human IgG. In further embodiments the range 1s 0.01 to 10, 0.1 to 10, 0.2 to 10, 0.3 to 10,
0.5 to 10 or 0. In one embodiment the bispecific antibody 1s characterized in binding to human CD47
with a binding affinity of 100 nM to 600nM, 1n one embodiment with a binding affinity of 100 nM
to S00OnM.

ADCC and ADCP/phagocytosis index values of antibodies according to the invention are not or only
to a low extend aftected by human IgG 1n a concentration of 1 mg/ml (1 mg/ml or even higher human
IgG 1s the magnitude of the concentration of IgG found m the blood respectively plasma of most
patients), whereas for an ant1-CD47 antibody of the state of the art (hudF9-G4), ADCC and ADCP
values are strongly reduced 1n the presence of 1 mg/mL human IgG.

A further embodiment of the invention 1s the use of the bispecific antibody according to the invention
1in the manufacture of a medicament for treating a subject having a cancer that expresses CEACAMS
or CEACAMS and CEACAMS.

A further embodiment of the invention 1s the use of the bispecific antibody according to the invention
in the manufacture of a medicament according to the imnvention, characterized in that the cancer 1s
selected from the group consisting of colorectal cancer, non-small cell lung cancer (NSCLC), gastric
cancer, pancreatic cancer and breast cancer.

A further embodiment of the mvention 1s a bispecific antibody according to the mvention, for use n

simultaneous, separate, or sequential combination with a second bispecific antibody comprising a
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third binding part specifically binding to human CEACAMS, and a fourth binding part specifically
binding to human CD3¢ 1n the treatment of a subject having a cancer that expresses CEACAMS or

CEACAMS and CEACAMSG6. A further embodiment of the invention 1s a bispecific antibody
according to the invention, for use 1n simultancous, separate, or sequential combination with a second
bispecific antibody comprising a third binding part specifically binding to human CEACAMS and a
fourth binding part specifically binding to an epitope of human CD3g, said epitope comprising the
amino acid sequence of SEQ ID NO:118 1n the treatment of a subject having a cancer that expresses
CEACAMS or CEACAMS and CEACAMSG.

A further embodiment of the mvention 1s a bispecific antibody according to the mvention, for use 1n
simultancous, separate, or sequential combination with CEA-TCB or CEA/TCBI m the treatment of

a subject having a cancer that expresses CEACAMS or CEACAMS and CEACAMSG6.

A further embodiment of the invention 1s a bispecific antibody according to the imvention,
characterized 1n not competing with said second bispecific antibody for use in simultaneous, separate,
or sequential combination with said second bispecific antibody 1n the treatment of a subject having

a cancer that expresses CEACAMS or CEACAMS and CEACAMSG.

A further embodiment of the invention 1s a bispecific antibody according to the invention,
characterized in not competing with CEA-TCB or CEA-TCBI1 for use 1n sitmultancous, separate, or

sequential combination with said CEA-TCB or CEA-TCBI 1n the treatment of a subject having a
cancer that expresses CEACAMS or CEACAMS and CEACAMS6.

A further embodiment of the invention 1s a bispecific antibody according to the invention,
characterized in competing with CEA-TCB or CEA-TCBI for use mn simultaneous, separate, or

sequential combination with said CEA-TCB or CEA-TCBI 1n the treatment of a subject having a
cancer that expresses CEACAMS or CEACAMS and CEACAMSG.

A further embodiment of the invention 1s a bispecific antibody according to the invention, for use 1n
simultaneous, separate, or sequential combination with a second bispecific antibody comprising a
third binding part specifically binding to human CEACAMS, comprising as heavy chain region a
heavy chain variable region of SEQ ID NO:98 and as light chain variable region a light chain variable
region of SEQ ID NO:99 and a fourth binding part specifically binding to human CD3¢, comprising
as heavy chain varnable region a heavy chain vanable region of SEQ ID NO:100 and as light chain
variable region a light chain vanable region of SEQ ID NO:101.

A further embodiment of the invention 1s a bispecific antibody according to the invention, for use
according to the invention, characterized 1n that the bispecific antibody according to the invention
and the second bispecific antibody are administered to said subject alternately i 6 to 15 day intervals.
A further embodiment of the invention 1s a bispecific antibody according to the invention, for use
according to the mvention, characterized 1n that the bispecific antibody according to the invention
and the second bispecific antibody are administered to said subject simultancously m 6 to 15 day

intervals.
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A further embodiment of the invention 1s a first bispecific antibody according to the mvention,
comprising a first binding part, specifically binding to human CEACAMS and a second binding part,
specifically binding to human CD47, for use 1n simultaneous, separate, or sequential combination in
the treatment of a subject having a cancer that expresses CEACAMS or CEACAMS and CEACAMSG,
with a second bispecific antibody, comprising a third binding part specifically binding to human
CEACAMS, comprising as as heavy chain variable region heavy chain variable region of SEQ 1D
NO:116 and as light chain variable region a light chain variable region of SEQ ID NO:117 and a
fourth binding part specifically binding to an epitope of human CD3¢, comprising the amimo acid
sequence of SEQ ID NO:118, whereby said second bispecific antibody 1n a concentration of 300 nM
does not shift the EC50 value of the phagocytosis index curve to MKN-45 cells of the bispecific
antibody according to the mvention by more than a factor of 3, in onec embodiment towards higher
concentrations.

A further embodiment of the mvention 1s a first bispecific antibody according to the invention,
comprising a first binding part, specifically binding to human CEACAMS and a second binding part,
specifically binding to human CD47, for use 1n simultaneous, separate, or sequential combination n
the treatment of a subject having a cancer that expresses CEACAMS or CEACAMS and CEACAMSG,
with a second bispecific antibody comprising a third binding part specifically binding to human
CEACAMS, comprising as heavy chain varniable region a heavy chain vanable region of SEQ 1D
NO:108 and as light chain variable region a light chain variable region of SEQ ID NO:109 and a
fourth binding part specifically binding to human CD3¢, comprising as heavy chain variable region
a heavy chain vanable region of SEQ ID NO:100 and as light chain variable region a light chain
variable region of SEQ ID NO:101, whereby said second bispecific antibody 1n a concentration of
30 nM does not shift the EC50 of the binding curve to MKN-45 cells of the bispecific antibody
according to the mmvention by more than a factor of 3, in one embodiment towards higher
concentrations.

A further embodiment of the mvention 1s a first bispecific antibody according to the invention, for

use 1 simultancous, separate, or sequential combination in the treatment of a subject having a cancer

that expresses CEACAMS or CEACAMS and CEACAMS6, with CEA-TCB or CEA-TCBI1, whereby
said CEA-TCB 1n a concentration of 300 nM or CEA-TCB1in a concentration of 30 nM do not shift
the EC50 of the binding curve to MKN-45 cells of the bispecific antibody according to the invention
by more than a factor of 3, 1n one embodiment towards higher concentrations.

A further embodiment of the mvention 1s a first bispecific antibody according to the invention,
comprising a first binding part, specifically binding to human CEACAMS and a second binding part,
specifically binding to human CD47 according to the invention, for use according to the invention,
characterized 1 that said cancer 1s colorectal cancer, non-small cell lung cancer (NSCLC), gastric

cancer, pancreatic cancer and breast cancer.
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A further embodiment of the invention 1s a composition comprising a bispecific antibody according
to the invention, characterized in not competing with said second bispecific antibody as defined
above for use 1n the treatment of a subject having a cancer that expresses CEACAMS or CEACAMS
and CEACAMG6.

A further embodiment of the invention 1s a composition comprising a bispecific antibody according
to the invention, characterized in not competing with a second bispecific antibody comprising a third
binding part specifically binding to human CEACAMS, comprising as heavy chain variable region a
heavy chain vanable region of SEQ ID NO:116 and as light chain vaniable region a light chain
variable region of SEQ ID NO:117 and a fourth binding part specifically binding to an epitope of
human CD3¢, comprising the amino acid sequence of SEQ ID NO:118, for use in the treatment of a
subject having a cancer that expresses CEACAMS or CEACAMS and CEACAMSG6.

A further embodiment of the invention 1s a composition comprising a bispecific antibody according
to the mnvention, characterized in not competing with a second bispecific antibody comprising a third
binding part specifically binding to human CEACAMS, comprising as heavy chain variable region a
heavy chain vanable region of SEQ ID NO:108 and as light chain vanable region a light chain
variable region of SEQ ID NO:109 and a fourth binding part specifically binding to human CD3e,
comprising as heavy chain variable region a heavy chain varnable region of SEQ ID NO:100 and as
light chain variable region a light chain vanable region of SEQ ID NO: 101, for use 1n the treatment
of a subject having a cancer that expresses CEACAMS or CEACAMS and CEACAMG6. A further
embodiment of the mvention 1s a composition comprising a bispecific antibody according to the

invention, characterized m not competing with CEA-TCB and/or CEA-TCB1.

A further embodiment of the invention 1s a method for the treatment of a human patient diagnosed
with a tumor (cancer), especially a solid tumor, especially a solid cancer that expresses CEACAMS
or CEACAMS and CEACAMBS6, especially colorectal cancer, non-small cell lung cancer (NSCLC),
gastric cancer, pancreatic cancer and breast cancer, comprising administering an effective amount of
an bispecific antibody according to the invention and a second bispecific antibody as described
above, against CEA and CD3 (in one embodiment CEA-TCB or CEA-TCBJ1), to the human patient,
the method comprising subsequently:

administering to the patient a dose of 0.1 to 10 mg/kg, 1in a further embodiment of 0.5 to 10 mg/kg,
in a further embodiment of 1 to 2 mg/kg of said second anti CEAxCD?3 antibody, ¢.g. weekly over 4
to 12 weeks or q2w, over 4 to 12 weeks and administering after these 4 to 12 weeks and after waiting
for additional 2 or 3 or 4 elimination half-lives of said anti CEAxCD?3 antibody to the patient a dose
of 0.1 to 20 mg/kg of an antibody according to the invention,

administering to the patient said antibody according to the invention ql, g2w, g3w or optionally q4w
for e.g. 12 more weeks, waiting 2 or 3 or 4 elimination half-lives of said antibody according to the

invention and then optionally repeating said cycle of CEA x CD3 bispecific antibody administration
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followed by CEA x CD47 bispecific antibody administration and optionally repeat again that cycle
clcC.
As said CEA x CD3 bispecific antibody and the CEA x CD47 bispecific antibody according to this
invention are not competitive, the two bispecific antibodies can also be administered i a manner
(“stmultancous manner”) that the patient experiences therapeutically effective plasma and tissue
concentrations of both bispecific antibodies 1n parallel, €.g. by administration to the patient at about
the same time a dose of 0.1 to 10 mg/kg, in a further embodiment of 0.5 to 10 mg/kg, in a further
embodiment of 1 to 2 mg/kg of the CEA x CD3 bispecific antibody and 1 to 20 mg/kg of the CEA x
CD47 bispecitic antibody of this mmvention, followed by one or more of these combined
admuinistrations at a frequency of qlw or q2w or q3w or optionally g4w.
The term “glw” means administration once a week; g2w means administration every two weeks etc.
For safety reasons 1t may be needed m one embodiment to start the therapy with the said second
antibody CEAxCD3 w/o adding a bsAb of the invention and to start ssmultaneous administration of
the two bsAb only after Cytokine Release Syndrome CRS typical for a CEAxCD?3 1s over (usually
after 2 or 3 doses of a TAAxCD?3 antibody).
A further embodiment of the invention 1s a pharmaceutical composition comprising an antibody
according to the invention and a pharmaceutically acceptable excipient or carrier.
A further preferred embodiment of the invention 1s a pharmaceutical composition comprising an
antibody according to the invention for use as a medicament.
A further preferred embodiment of the invention 1s a pharmaceutical composition comprising an
antibody according to the invention for use as a medicament 1n the treatment of solid tumor disorders.
A further preferred embodiment of the invention 1s a pharmaceutical composition comprising an
antibody according to the invention for use as a medicament in the treatment of colorectal cancer,
NSCLC (non-small cell lung cancer), gastric cancer, pancreatic cancer or breast cancer.
A further embodiment of the invention 1s a composition comprising a bispecific antibody according
to the mvention, for use 1n simultancous, separate, or sequential combination 1 the treatment of a
subject having a cancer that expresses CEACAMS or CEACAMS and CEACAMS6, with a second
bispecific antibody, comprising a third binding part specifically binding to human CEACAMS,
comprising as heavy chain variable region a heavy chain varnable region of SEQ ID NO:116 and as
light chain vanable region a light chain varniable region of SEQ 1D NO:117 and a fourth binding part
specifically binding to an epitope of human CD3¢g, comprising the amino acid sequence of SEQ 1D
NO:118, whereby said second bispecific antibody in a concentration of 300 nM does not shift the
EC350 of the binding curve to MKN-45 cells of the bispecific antibody according to the invention by
mor¢ than a factor of 3, mm one embodiment towards higher concentrations.
A further embodiment of the invention 1s a composition comprising a bispecific antibody according
to the mvention, for use 1n simultancous, separate, or sequential combination 1 the treatment of a
subject having a cancer that expresses CEACAMS or CEACAMS and CEACAMS6, with a second
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bispecific antibody comprising a third binding part specifically binding to human CEACAMS,
comprising as heavy chain varnable region a heavy chain vanable region of SEQ ID NO:108 and as
light chain varnable region a light chain variable region of SEQ ID NO:109 and a fourth binding part
specifically binding to human CD3e, comprising as heavy chain variable region a heavy chain
variable region of SEQ ID NO:100 and as light chain vanable region a light chain variable region of
SEQ ID NO:101, whereby said second bispecific antibody i a concentration of 30 nM does not shift
the EC50 of the binding curve to MKN-45 cells of the bispecific antibody according to the invention
by more than a factor of 3, towards higher concentrations.

A further embodiment of the invention 1s a composition according to the imnvention, characterized in
that the cancer 1s colorectal cancer, non-small cell lung cancer (NSCLC), gastric cancer, pancreatic
cancer, or breast cancer.

A further embodiment of the invention 1s the use of an antibody according to the invention for the
manufacture of a pharmacecutical composition.

A further embodiment of the invention 1s the use of an antibody according to the invention and a
pharmaceutically acceptable excipient or carrier for the manufacture of a pharmaceutical
composition.

A further embodiment of the invention 1s the use of an antibody according to the invention for the
manufacture of a medicament in the treatment of solid tumor disorders.

A further embodiment of the invention 1s the use of an antibody according to the invention 1n the
treatment of colorectal cancer, NSCLC (non-small cell lung cancer), gastric cancer, pancreatic cancer
or breast cancer.

Another aspect of the invention provides a method of inducing cell lysis of a tumor cell comprising
contacting the tumor cell with the bispecific antibody of any of above described embodiments. In
some embodiments, the tumor cell 1s a colorectal cancer cell, NSCLC (non-small cell lung cancer),
gastric cancer cell, pancreatic cancer cell or breast cancer cell.

In one embodiment, the cell lysis 1s induced by antibody dependent cellular phagocytosis and/or
antibody dependent cellular cytotoxicity of the bispecific antibody.

Another aspect of the invention provides a method of treating a subject having a cancer that
abnormally expresses CEACAMS or CEACAMS and CEACAMS6, the method comprising
administering to the subject a therapeutically effective amount of the bispecific antibody of any of
above described embodiments.

Another aspect of the mvention provides a method of treating a subject having a cancer that
abnormally expresses CEACAMS or CEACAMS and CEACAMSG6, the method comprising
administering to the subject a therapeutically effective amount of the bispecific antibody of any of
above described embodiments in combination with a bispecific antibody binding to human CEA and
human CD3. As the CEAxCD3 bispecific antibodies and the CEAxCD47 bispecific antibodies
according to the invention are not or only mimmmally competing they can be not only given
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sequentially but also 1n parallel (stmultaneously) which may well be an advantage because tumor
cell killing via engagement of T-cells by the CEAxCD3 bispecific antibody and at the same time via
engagement of macrophages by the CEAxCD47 bispecific antibody 1s additive or may be even
synergistic, which means efficacy 1s increased 1f both drugs are given 1 parallel.

Another aspect of the invention provides a method of increasing progression free survival and/or
overall survival time m a subject having a cancer that abnormally expresses CEACAMS or
CEACAMS and CEACAMSG6, said method comprising administering to said subject a therapeutically
effective amount of the bispecific antibody of any of above described embodiments. In one
embodiment, the cancer 1s colorectal cancer, non-small cell lung cancer (NSCLC), gastric cancer,
pancreatic cancer or breast cancer or another cancer expressing CEACAMS or CEACAM)S and
CEACAMG.

In certain embodiments of these methods, the bispecific antibody 1s administered mm combination
with chemotherapy or radiation therapy. In one embodiment, the subject 1s a patient sutfering from
colorectal cancer or lung cancer or gastric cancer or pancreatic cancer or breast cancer or another
cancer expressing CEACAMS or CEACAMS and CEACAMG6.

Another aspect of the mvention provides a method of treating a subject having a cancer that
abnormally expresses CEACAMS or CEACAMS<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>