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Title: ANTIBODIES THAT BIND EGFR AND CMET

(57) Abstract: The invention as disclosed herein relates to bispecific antibodies that comprises a first variable domain that can bind
an extracellular part of epidermal growth factor receptor (EGFR) and a second variable domain that can bind an extracellular part
of MET Proto-Oncogene, Receptor Tyrosine Kinase (¢MET). The antibody may comprise a common light chain, it may be a human
antibody, The antibody may be a full length antibody. In some embodiments the bispecific antibody is an IgGl format antibody having
an anti-EGFR, anti-eMET stoichiometry of 1:1, In some embodiment the antibody has one variable domain that can bind EGFR and
one variable domain that can bind cMET.
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Title: Antibodiss that bind BEGFE and «MET,

The invention relates to the figld of antibodies. In partivelar & relates to the field
of therapeutic antibodies, including hwman antibodies, {or the treatusent of diseases
involving aberrant celis. Further, it relates to antibodies that bind EGFR and cMET,
tncluding multispecific antibodies, and their use in the binding of EGFER and cMET
sositive celle, particudarly tumor cells.

The spidermal growth factor (BGF) receptor (RGFE) is o cell-surface receptor for
members of the epidermal growth factor family (EGF-family) of extracelblay protein
ligands. BGFR iz alss known as the ErbB-1 receptor, The veceptor has been given
various narmes tn the past (BGFR; ERBE; ERBBI; HERL; PIGEL; mENA). In the present
invention the names EvbB-1, EOFR or HERT in bumans will be used interchangeably.
EGFR ie a member of the FrbB famly of receptors, a subfamily of four closely related
receptor tyrosine kinases: EvbB-1 (EGFR), ErbB-2 (HERZ/c-new; Herd), ErbB-8 (Her 3)
and FrbB-4 (Her 4).

FEOFR exists on a el surface and may be activaied by binding of its specific
ligands, including epidermal growth factor and transforming growth factor o {TGFa).
Upon activation by ibs growth factor Hgands, the veceptor may undergo a fransition from
an inactive mostly monomeric form to an active homndimer, In addition to forming
horaodimers affer ligand binding, BGFR may palr with another member of the ErhB
receptor family, such as ExbB2, to create an activated heferodimer, Dimers may also
form in the absence of hgand-binding and clusters of activated EGFRs may form after
ligand hinding.

EGFR dimevization stimndates infrinsic intracelinlar protein-tyrosine kinase
(PTK) activity. This activity induces several signal transduction cascades that lead fo
cell proliferation and differentiation. The kinase domain of BGFR can cross-
phosphorylate tyrosine residues of other receptors it is complexed with, and can iself be
activated in that manner.

Mutations involving EGFE have heen identified 1 several types of cancer. It is the
target of an expanding class of anticancer therapies. Such therapies include EGFR
tyrosine kinase inhibitors (EGFR-TKIg) such as gefitinib and erlotinib for hung caneer,
and antibodies as cetuximab and pantbunnamab for colon cancer and head and neck

cancey.,

Cetuximab and panitumumsh arve monoclonal antibodies that inhibit the recepbor,
Other monoelonals in clinteal development are zalutumowmah, mimotuzumab, and
matuzamab, The monockonal antibodizs aim o block the extracellular Bgand-induced
veceptor activation, mostly by blocking Bgand binding o the veceptor. With the binding
site blocked, signal-inducing molecules may not attach effectively and thereby alzo noy
activate downstream signaling. Ligand-induced vecepior activation may also be
inhibited by stabilization of the inactive receptor conformation {matuzumab).
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To date, ROFR targeted thevapics have been associated with the development of
treatment resiatance over time. Various reechanisms for the vesistance to EGFR-TKls
have been described. In patients with advanced non-small cell lung cancer (NBCLC) the
mechanisros of vesistancs include the oceurrence of secondary puatations {e.g., TT7T30M,
{7978y, the activation of aliernative signaling {e.g., Met, HGF, AXL, Hh IGF-1E},
aberrant downstream pathways fe.g., AKT mutations, loss of PTHEN), the impairment of
the BGFR-TEIs-mediated apoptosie pathway {(e.g., BCL2-like 1V/BIM deletion
polymorphism) and histological fransformation. Although some mechanisms of
rosistance have been identified others remain to be identified. Similavly, patients with
colorectal cancer that ave treated with BGER antibodies also develop resistance over
time. This may ccour through emergence of KRAS mutations. Of those without KEAS
mustations; aoplification of the MET proto-oncogene may be associated with acrpuved
resistance during anti-BOFR therapy Bardelli et al,, 2018; Cancer Discov. Jum 3(8):8558-
73, dot: 10.1158/2158-8290.CD-12-0558). The tumor can be resistant ab initio or develop
regsistance during treatment. Resistance to EGFR-targeted therapy is scen in many
EGFER positive cancers and has demonstrated a need in the avt for move efficacious
EGFR cancer treatments that improve the standard of care, and ave superior in tevms of
the capacity to address EGFR-targeted therapy resistance.

Dysregulation of MET Proto-Uneogene, Receptor Tyrosine Kinase ©MET) and
hepatocyte growth factor FLGF) have besn raported in a variety of tumors. Ligand-
driven oM ET activation has been observed in several cancers. Elevated seruro and indra-
tumoral FHGT is ohseyved in hung, breast cancer, and multiple myeloma (J. M. Siegiried
et al., Ann Thorac Surg 86, 1915 (1888); P. C. Ma et al., Anticancer Res 23, 48 (2003); B.
E. Elliott et al. Can J Physiol Pharmaco) 80, 81 (2002); O Seidel, et al, Med Cneol 15,
145 {1668)). Overexpression of eMET, cMET amplification or mutation has been
reported in various cancers such as cnlorectal, lung, gastric, and kidney cancer and may
drive ligand-independent receptor activation (. Birchmeier et al, Mat Hev Mol Cell Biol
4, 815 (2002 & Maulik et al., Cytokine Growth Factor Hev 13, 41 (2002)). Expression of
HGF is also sssociated with the activation of the HGF/eMET sigoaling pathway and 18
also one of the escaps mechanisms of fumors under selection by EGFR targeted thevapy.

The eMET recepior ia formed by proteclytic processing of a comumon precursor o
s single-pass, disulphide-linked o/ heterodimer. The extracellular portion of cMET is
composed of three domain types. The N-terpunal region fold foros a lavge semaphorin
{Sema) domain, which encorpasaes the whole a-subunit and part of the 8-subunit. The
plexin—semaphorin-integrin (PRI domain follows the Sema domain, and includes four
disulphide bonds. This domain is connected to the transmembrans helix via four
tmmunoglobulin-plexin-transcription IPT) domains, which are related fo
omunogiobolin-like domains, Intracellulavly, the cMET receptor contains a tyrosine
kinase catalytic domain flanked by distinetive juxtamembraoe and carboxy-terpunal
sequences (Drgan and Teao, Therapeutic advances in medica! oncology 3.1_suppl (20111
§7.819 which is incorporated berein by reference in ifs entivety).

The bgand of cMET, hepatooyte growth factor (HGF; also known as scatter factor)
and ita splicing iscforms (NK1, NK2) are known hgands of the cMET receptor. HGF was
identified in 1981 as a potend mitogen/morphogen. The HGF/eMET signaling pathway
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plavs important voles in the development and progression of vavious cancers.
Dveregulation andfor hyperactivation of HGF or ¢JMET in human capcers ave linked to
poor prognosis. cMET can be activated via overexpression, amplification, or mutation.
Activation may promote developroent, progression, invasive growth, and metastasis of
cancers. cMET can be activated inan HOF associated and HGF independent fashion.
HGF independent activation accurs in cases of eMET over-expression. Abundance of
cMET alsc may trigger (heterojdimerization and intra-colbdar signaling in the absence
of Hgand. Additional lipand does not appear to affect the function of such «MET over
expression cefls, eMBT amplification is associated with eMET over-expression and has
emerged 25 a biomarker of tumaor subtypes,

HGF is expressed ublguitously throughout the body, showing this growth factor to
be a systemically available cytokine as well as coming from the tumor stroma. A positive
paracrine andfor autocrine loop of cMET activation can lsad to further eMET expression.
The HGF specific antibody Rilotumumab (AM102) was developed for gastric cancer.
Phase ¥ and Phase 1¥ trials appeared promising but a phase I study with aisplatin and
capecitabine as a fivst-line therapy in gastric cancer (RILOMET-2) was terminated
following a pre-planved data monitoring commitiee safety review of study 20070622,

The relevance of cMET/HGE signaling in resistance to EGFR-fargefed therapies
has stimnulated the development of ways to deal with the resistance. To date, antibody
based approaches include anti-HGF antibodies; antl MET or cMET antibodies and
cMET/EGFR (reviewsd in Lee ef al,, 2015; Immunoctargets and Therapy 40 35-44) have
not been clinically effective. The oMET antibodies Onartuzumab (MetMab™) and
FEmibetuzumab (LY-2875358) have been evalusted in phase 1 clinical frinls. Of theee
Omnartuzamab appeared to be effective against colovectal cancer in a combination
treatment together with the EGFR-inhibitor eclotinib. These resulis could, however, not
be repeated in a randomized phase 1 clinical trial. MetMADL 15 2 neonovalent
monnclonal antibody (mAb) against SMET, which bocks HGF binding to oMET and

1

subseguent pathway activation {(Jin et al., 2008 Cancer Ressarch Vol 68: pp 4360-88).

Overcoming & problem with anti-EGFR, MET and HGF immunotherapies, the
present invention provides novel bispecific antibodies that comprise a first vaviable
domain that can bind an extracelalar part of epidermal growth factor receptor (EGEFR)
and & second variable domain that can bind an extracellular pavt of cMET Proto-
Oncogene, Heceptor Tyrosine Kinage MET.

To date, certain bispecific BGFR x oMET antibodias have been degertbed in the art,
Castoldi R eb al. (2013) describe s bispecific BGFR x ¢MET antibody designated
MetHer! with the ¢MET binding site of the antibody 53D& {or MetMab) and the EGFR
binding site of cetuximab. The bispecific antibody has a fixsed EGFE and ¢cMET binding
stoichiometry of 2:1 {see Supplemental Figures)

1820140378864 deserthes a eMET x EGFR bispectfic antibody among various
other bispecific antibodies. The complete bispecific antibody is produced as a single
protein which is later proteclytically cleaved. The two VIVVL domains ave produced as
single chain Fy fragments. Binding of the antibody induces ¢MET degradation and Akt
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phosphorylation in a gastric cancer cell line. Moores et al (2016) describe a bispecific
cMET x EGFR antibody designated JNJ-61186372 produced by controlled Fab-arm
exchange (cFAE) having mutations at position 405 and 409 according to EU
numbering, which may have potential for immunogenicity. JNJ-61186372 was shown
to be active in vivo using a xenograft model with tumor cell line H1975 that expresses
the cMET ligand HGF. This tumor model is known to be dependent on the ADCC
activity of the antibody (Ahmed et al., 2015). JNJ-61186372 has a reported affinity
imbalance of approximately 40x greater affinity for cMET than EGFR (Moores et al.
(2016)), and the anti-EGFR arm derived from zalutumumab is known to cause infusion
related reaction, skin disorders, among other issues.

LY3164530 is a bispecific cMET x EGFR antibody, which contains the EGFR
binding domain of cetuximab as a single chain Fv fragment fused to the heavy chain
variable domain of the cMET binding antibody LY2875358 (Emibetuzumab; Kim and
Kim 2017). It is a so-called dual variable domain antibody that comprises two binding
sites for each of the antigens. No data are provided on HGF inhibition for the antibody.
The antibody reportedly binds and internalizes cMET and EGFR without agonistic
activity. The authors review various cMET, EGFR and cMET x EGFR targeted
therapies and draw the conclusion that to date none of these inhibitors have shown
significant efficacy in clinical trials.

There is thus a need for novel bispecific cMET x EGFR antibodies, including those
which may have superior characteristics as described herein.

SUMMARY OF THE INVENTION

Reference to any prior art in the specification is not an acknowledgement or
suggestion that this prior art forms part of the common general knowledge in any
jurisdiction or that this prior art could reasonably be expected to be combined with any
other piece of prior art by a skilled person in the art.

In one aspect the invention provides a bispecific antibody that comprises a first
variable domain that can bind an extracellular part of human epidermal growth factor
receptor (EGFR) and a second variable domain that can bind an extracellular part of
human MET Proto-Oncogene, Receptor Tyrosine Kinase (¢cMET).

The bispecific antibody may comprise a common light chain. The first and second
variable domains preferably comprise the same or substantially the same (common)
light chain variable region. Said common light chain variable region may be one that is
known to pair well with a diversity of human variable region gene segments that have
undergone recombination. More preferably said common light chain is preferably a
variable region encoded by a germline Vk gene segment, preferably the O12 / IgVxk1-
39*01 variable region gene segment. The preferred light chain variable region
comprises the rearranged IgVk1-39*01/IGJk1*01 or IgVk1-39*01/IGJk5*01. The light
chain of the cMET binding arm and the light chain of the EGFR binding arm is
preferably the same (common) light chain. The common light chain is preferably the
rearranged kappa light chain IgVk1-39*01/IGJx1*01 or IgVk1-39*01/IGJx5*01 joined
to a human light chain constant region. The bispecific antibody can be a human
antibody. The bispecific antibody can be a full length antibody. It may have one
variable domain that can bind EGFR and one variable domain that can bind cMET. In
one aspect the variable domain that can bind human EGFR can also beneficially bind
mouse EGFR and/or cynomolgus

1003290016
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EGFR. The variable domain that can ind haman BGFR may bind fo domain 11 of
human EOFR. The variable domain that can bind <MET may block the banding of
antibody 5D5 to cMET. The variable domain that can bind <MET reay block the binding
of HOF to eMET. The Kd of the antibody for oMET can be at least 10 times less than the
Ké of the antihody for BGFR. The amine acids al positions 405 and 408 in one UH3
domain may be the same as the amino acids at the corvesponding positions in the othey
CHE domain (EU-nurmbering),

The first variable domain may comprise 2 heavy chain vaviable regilon with a
CDRI seguence SYGIS: & COR2Z sequence WISAVX SONTNYAQKLGG and a CHHEI
comprising the sequence XeX XX HWWLXA

wherein o= Nor S: X =Aor 5 Xe=Dor G X =B S8or V% =H, Lor ¥ Xe= 1
or Woand X7 = D or G with 8-5 amine acid insertions, deletions, substitutions, additions
or g combination theveof at a position other than XX

The serond variable domain may comprise a heavy chain variable region with the
amine acid sequencs of one of the seguences of SEQ 1D NG: 1-23 with 0-10 prefevably C-
B amine acid insertions, deletions, substitutions, additions or a combination theveof.

Bispecific antibodiss are described wherein
XN K= XK= X=8%=Y,; = Wand X =G
K= N ¥e=A =D =8 K=Y, Res Wand o= 45
X=m8 =G %= =8%=Y;X%=Wand X»=
MmN X= K=k e e Wand Xo = 1
VimNKe=A X=Xk = = Wand X7 = 13
Xim S =0 == Xaed HaWand = 13
Wi N KesGX=5%=Y, %=L Xs=Dand X7 =
=N =45 0% =Y, el X=Dand X =G or
Wi=8 %G X=0%=Y; %=L Xe= D and X7= G In somes embodiments
Ki=M X =GX=0XeoR Ks=H XsWand X =1}
FimnNKe=A X=X e = Wand %=1 or
XlzS;XZT—G;Xazﬁ;Xz;:R-;XSEH;XQ:\W&HdX?:D.

In a preferved embodiment XXy = DRHWD and X and ¥ ave NG; 855 or NA.

Bispecific antibodies ave described wherein the heavy chain variable vegion of the
second vaviable domain comprises the amine acid sequence of one of the sequences of
SEQ ID NO: 123, 7, 8; 10; 13; 15; 18; 17; 21; 22 or 23 with §-10 prefevably 0-5 amino acud
insertions, deletions, substitutions, additions or 3 combination theveof,

The invention also provides a method of treatment of a subject that has a tumor
the method comprising administering the bispecific antibody as described hevein o the
individual in need theveof. Typically, the individual is one suffering from a disease
involving abervant cells, for examples the individual way be suffering from a tumor.
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The invention also provides a bispecific antibody that comprises a first variable
domain that can bind an extracellular part of epidermal growth factor receptor (EGEFH)
and a second variable domain that can bind an extracellular part of MET Froto-
Oneogene, Receptor Tyrosine Kinase (¢MET), wherein the fivet variable domain
comprises 3 heavy chain variable vegion with a CDR1 sequence SYGES; a CBR2
sequence WISAYXGIGNTNYAQRLGG and a CDR3 covaprising the sequence
K R HWWELX A wherein

KioNor S Xe=Aw G X=Dor G Xu=R 80 ¥V K=, Lo Y, Xe=DarW
and Xr = D or § with 0-5 amdno acid insertions, deletions, substitutions, additions or g
combination theveof at a position other than ¥1-Xr and wherein the second veriable
domain comprises a heavy chain variable region with the amino acid sequence of one of
the sequences of SEQ ID NO: 1-23 with 0-10 preferably 0-5 amino acid insertions,
deletions, substituiions, additions or a combination thereof.

The firs variable domain preferably covaprises a heavy chain vartable region with
a CDR1 sequence SYGIS; a CDR2 sequence WISAYNGNTNYAQRKLGG and a CDERE3
comprising the sequence DRHWHWWLDAFDY and the second varighle domain
preferably comprizes a heavy chain variable region with a CDEI sequence SYSMN; a
CDRE sequence WINTYTGDPTYAQGFTS and a CDR3 sequence ETYYYDREGGYPFDRD,

The invention also provides a bispecific antibody of an invention as disclosed
herein for use in the treatment of a subject that has a disease involving abserrant cells,
such 88 a fumor.

Alsc provided s a use of a bispecific antibody of an nvention as disclosed herein
in the manufacture of 2 medicament for the treatment of a disease 1nvolving aberrant

cells, such a8 a TUMGY OF cancer.

Also provided is a method of trestment of a subject that has a tumwoy, preferably
an EGFR positive tumor, 2 cMET positive tumor or an EGFR and cMET positive tumor,
the method comprising administering the bispecific antibody o the individual in need
therent.

An antibody of an invention as disclosed herein preferably inhibits HGE induced
migration of EBCI cells in a wound healing assay. Preferably the inbibifion is better
than the combination of cetuximab and MetMab. For example, it is preferred fo achieve
tnhibition via prevention of wound closure in the presence of HGF with ov without BGF
(HGF 1= present at 15 ng/ml and EGF, when present, is present in amount of 12,5
nginl},

An antibody of an invention disclosed herein inhibits HGF and EGF/HGY induced
grivwth of the BGFR TKY resistant tumor coll Hnes PC-8 and HOCA2T when uged in
combination with a TKL The TKI is preferably gefitinib.
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An antibody of an invendion disclosed herein inhihits HOF induced growth of an
HGF reapounsive cell, preferably of the EGFR TKI resistant turaor cell bine PC-B or
HOCR27.

An antibody of an invention disclosed herein inhibits EGY induced growth of an
EGF responsive eell, without indueing the toxicities such as rash and diarvhea
associated with bigh affinity bivalent EGFR antibodies, This renders the antibody
ideally suited for combingtion with TKE which have its own toxity profile.

The invention furiher comprises a pharmaceutical composition that comprises a

bispecific antibody disclosed heren.

An antibody of the invention 1oay be used to treat a tumor which is vegistant to
treatment with an BGFR tyrosine kinase inhibitor, for exarople vesistant fo erlotinib,
gofitinth, or afatinib, an analogyue of erlotindh, gefitinib or afatinth or 2 combination of
one or more of the reepective compounds and/or analoguss theveol

Treatment according o the invention may farther comprise treatment with an
EGEFR tyrosine kinase inhibitor for example wherein the EGFR tyrosine kinasge inhibifor

is erlotinih.

Aceordingly, the bispecific antibody of the invention may be administered
simultanecusly, sequentially or separately with an EGFR tyvosine kinaxe inhibitor.

The invention further comprises a nucleic acid molecule or a group of macleie acid
molecules that alone or together encode 8 heavy chain(s} or a heavy chain varvigble
vegion{s} of a bispecific antibody disclosed herein or a variant theveof. Also provided iz a
nucleic acid molecale or group of nucleis acid molecules that encode an antibody
disclosed hersin.

In 8 preferred embodiment the heavy chain comprises & constant vagion of an IgG1
antibody, preferably a human LGl antibody. The CHZ vegion of said IgG1 constant
vegion can be engineered to alter ADCC andfor UDC activity of the antibody, ov not. Ina
preferred embodiment, aaid alteration vesults in enhanced ADCC and/or CDO activity.
In 2 preferved embodiment the CH3-vegion of the antibody is enginerred to facibitate
heterodimerization of heavy chains comprising a fivst heavy chatn that binds EGFR and
a second heavy chain binds oMET.

The invention further comprises is a cell comprising one or more mucleic acid
molecules that alone or together sncode a bispecific antibody or a variang thereof as
disclosed horein. Also provided are methods of producing a bispecific andibody or a
variant therveof disclosad herein using a cell as described, preferably together with the
harvesting of the hisgpecific antibody or varant thereof fror a culture of the cells.

The invention further comprises a cell system that comprises a bispecific antibody
or variant theresf disclozed herein,
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The invention further provides a cell that expresses the hispacific antibody andfor
comprises the nucleie aeid molecule(s) that encode said bispecific antibody,

The invention further coroprises a bispecific antibody as disclosed herein that
further comprises a Jabel, preferably a label for in vive lmaging.

DETAVLED DESCRIPTION OF THE INVENTION

BGFR i3 2 member of a family of four receptor tyrosine kinases (RTKs), named
Her- or cFrbB-1, -2, -3 and -4, The EGFR has an extraceliular domain (FOD) that s
composed of four sub-domains, two of which are invelved in Bgand binding and one of
which is invelved in bomo-dimerization and hetero-dimerization Ferguson(2008). The
reference numbers used in this section refer to the numbering of the references in the
list headed “vited in the specification”, which are each incorporated by reference. EGFR
integrates extraceilular signals from a vaviety of ligands to vield diverse intracellular
responses (Yarden at al, 2001; and Jorrisen et al 2003). The EGFR is implicated in
several human epithelial malignancies, notahly cancers of the breast, bladder, non-small
celi lung eancer lung, colon, ovarian head and nwek and brain, Activating routations
the gene have been found, as well as over-expression of the receptor and of its higands,
glving rise to autocrine activation loops (for review, ses Roberison et al. 20000, This RTR
has therefors been extensively used ag target for cancer therapy. Both smallmelecule
inhibitors sargeting the RTK and monoclonal antibodies (roAbs) directed to the
extracellular ligand-binding domains have been developed and have shown hitherto
several chinical suncesses, atheit mostly for a select group of patients. Database accession
numbers for the human EGFR protein and the gene sncoding 3t are (GenBank
NM_005228.3). Gther database identifiers for the gene and/or protein ave HGMNE: 3236;
Entrer Gene: 1956; Fnsembl ENSGO0000146648; OMIM: 131550 and UniProtkB:
Pa0533, The accession numbers are primarily given to provide a further method of
identification of EGFR protein as a tavget, the actual sequence of the EGFR protein
bound by an antibody may vary, fov instance berause of a mutation in the encoding gene
such as those ocourring in some cancers or the like, Where reference hevein is made fo
EGFR, the veference refers to human EGFR unless othevwise stated. The anbigen-
hinding site that binds BGFE, binds BGFR and a variety of variants thereof sauch as
those expressed on some BGFE positive tumors.

The term “BEGFR lgand” as vsed hevein refers to polypeptides which bind and
activate EGFR. Examples of BGFR ligands include, but are not limited to BGF, TG,
HB-EGF, amphivegulin, betacellolin and epivegulin {(for review Olayioye MA et 8l
EMBO J (2000 Vol 1% pp 3158-3167). The term includes biologically active fragments
andfor variants of 2 naturally ocourring polypepiids

cMET, also called tyrosine-protein kinase MET or hepatocyte growth factor
receptor (FIGFR), is a protein that in humans 1s encoded by the MET gene. The protein
possesses tyrosine kinase activity, The primary single chain precursor profein is post-
transistionally cleaved to produce the alpha and beta subunita, which are disuliide
hinked to form the maturs receptor.
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Aberrantly activated MET may induoce tumor growth, the formation of new blood
vessels {angiogenesia) that supply the tiunor with nutrients, and cancer apread to other
organs {metastasis), cMET is devegulated in many types of burnan malignancies,
inchuding cancers of kidnay, liver, stomach, breast, and brain. The eMET gene 1s known

5 uander 3 pureber of different names such as MET Proto-Oncogene, Reveptor Tyrosine
Kinase: Hepatocyte Growth Factor Receptor; Tyrosine-Protein Kinase Met; Scatter
Factor Receptor; Proto-Oncogene U-Met; HOF/SF Receptor; HGE Receptor; 5F Receptor;
BC2.7.10.8; Met Proto-Onengene; BEC 2.7.10; DFNBY7; AUTSS; RCCPE; C-Met; MET;
HGFR; External Ids for oMET are HONC: 7029; Entrez Gene: 4233; Fnsembl

10 ENSOOHGI05878;, OMIM: 164860 and UniProtKB: PU8581. The sccessiom nuntbers
are primarily given to provide a further method of identification of cMET protein as a
target, the sctual sequence of the ¢MET protein bound by an antibody may vary, for
instance bocause of & mutation in the sncoding gene such as those oceurring n soms
cancers or the ks, Whare veference herein i¢ made to eMET, the veference refers fo

15 human cMET unless otherwise stated. The antigen-binding site that binds ¢MET, binds
cMET and a variety of variants thereof such as those expressed on some oMET positive

£UINOrs,

An antibody tvpically recognizes only a part of an antigen. The antigen 15 typically

20 but not necessarily a protein. The recognition or binding site on an antigen, bound by an
antibody is veferred to as the epitope, where an epifope may be linear or conformational.
Binding of an antibody to an andigen is typieally specific. The ‘specificity’ of an antibody
refers to its selectivity for a particular epitope, whereas ‘affinity’ vefers to the strength of
the interaction between the antibody’s antigen binding site and the epitope it hinds.

25 Fzemplary antibodies of an invention disclosed herein binds to EGFR and <MET,
preferably human EGFR snd humean oMET. An EGFR/eMET bispecific antibody of an
invention disclosed hevein binds o EGFR and, under otherwise identical conditions, at
least 100-f0ld lsss to the homologous recepiors ErbB-2 and ErbB-4 of the same species.
An EGFRMET bispecific antihody of an invention as disclosed herein binds to ¢MET

30 and, under otherwise identical conditions, st least 10{k-fold less to the receptors BybB-2
and ErbB-4 of the same species. Considering that the veceptors are cell surface
receptors, the binding may be assessed on cells that express the receptor(s). A bispecific
antibody of an invention diaclosed herein preferably binds to human, cynomelgus BGFR
and/or to mouse EGFR,

An antibody that binds EGFE and ¢MET may bind other proteins as well if such
other proteins contain the same epitope. Hence, the term “binding” does not exclhude
binding of the antibodies to another protein or protein(s) that contain the same epitope.
Such binding is typically vreforved to as cross-veactivity. &n EGFR/GMET bispecific

40 antibody fypically does not hind to other proteins than EGEFR and/or «MET on the
membrane of cells in a post-natal, preferably adult hwman, An antibody aceording fo an
frvention disclosed herein is tvpically capable of binding EGFR with a binding affinidy
{i.e. equilibrivun dissociation constant Kd) of at least 1x10e-68 M, as outlined in more
detail below.

45
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The term “antibody” as used herein means a proteinsecsous raoleculs preferably
belonging 4o the immunoglobulin class of proteins. An antiboedy typically contains two
variable domains that bind an epitope on an antigen. Such domaina ave devived from or
share sequence homology with the variable domain of an antibedy. A bispecific antibody
of an invention as disclosed herein preferably comprises two variable domains.
Antibodiss for therapeutic use are preferably as close to natural antibodies of the subject
to be treated as possible (for instance human antibodies for human subjects). Antibody
hinding can be expressed in terms of specificity and affirity. The specificily determines
which antigen or epitope thereof is apecifically bound by the binding domain. Typically,
antibodies for therapeutic applications can have affinitiss of up to Ix1le-10 M or higher.
Antibodies such as bispecific antibodies of an invention disclosed herein preferably
comprise the constant domains (Fe part} of a natuval sntibody. An antibody of invention
as disclosed hevein is typically a bispecific full length antibody, preferably of the human
1gi¥ subclass, Preferably, the antibodies of the present invention are of the homan 1gGl
subelass. Such antibodies of invention as disclosed hersin can bave good ALCC
propertiss, have a favorable halfilife upon in vive admindstration to hwoans and CH3
enginsering technology exists that can provide for modified heavy chains that
proferentiaily form hetere-dimevs over homo-dimers upon co-expression in clonal cells,
ADOC activity of an ardibody can also be irmproved through technigues known to
paracns of skill in the art.

An antibody of an invention as disclosed herein is preferably a “full length”
antibody. The term full length’ according to an invention as disclosed herein is defined
38 crmnprising an essentially complete antibody, which however does not necessavily
have all functions of an intact antibody. For the aveidance of doubt, a full length
antibody contains two heavy and two Lght chains. Each chain contains eonstant () and
variable (V) regions, which can be broken down into domains designated CHIL, CHZ,
CH3, VH, and CL, VL. Typically, an antibody binds to antigen via the variable domains
contained in the Fab portion, and aftey binding can internct with molecules and cells of
the tmumune system through the constant domains, mostly through the Fo portion, Full
length antibodies according to an invention disclosad herein encompasses antibodies
wherein mubations may be prosent that provide desived characteristics. Antibodies
wherein one or several amino acid residues are deleted, withoud essentially altering the
specificity and/or affinity characteristics of the resulting antibody are embraced within
the term “full length antibody”. For instance, an 1g0 antibody can have 1-20 amine acid
residue insertions, deletions, or subatitutions or a combination thereof in the constant

region.

An antibody of an invention ss disclosed herein is preferably s bispecific IgG
antibody, preferably a bispecific full length IpGY antibody and more prefersbly a human
Igf31. Full length Igl antibodies are preferved because of their typically favorabls half-
tife and the desive to stay as close to fully autclogous (hwman) molecules for reasons of
tmmunogenicity. In some embodiments, an antibody of the invention ia & full length
TG, a Al length 1p32, a foll length 12G3 ov a full length IpG4 sntibody.
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An invention disclosed herein inchudes 3 bispecific anfibody that comprises a firet
variable domain that can bind an extracellular part of EGFR and a second variable
domain that can bind an extracellulsy part of cMET wherein the fivst variable domain
binds EGFR with an affinity that is less than cetuximab which has g Kd of 0.39 nM
(Kim et al 2008). The first variable domain preferably binds EGFR with a Kd that is
between 10e-8 M and 10e-8 M. The Kd is preferably between 10e-7 M and 10e-8 M,
preferably between 100-8 M and 10e-8 M, The second vaviable domain preferably binds
cMET with g Kd that is 10e-7 M or leas. The Kd is preferably between 10e-7 M and 10e-
11 M. The second variable domain preferably has a higher affinity for cMET than the
fivat variable domain has for BGFR. In other words m this preferred embodiment the Kd
of the antibody for eMET is less than the Kd of the antibody for BEGFR. In g preferved
emnbodiment the Kd of the antibody for «MET i at least b and preferably at least 10 x
less than the Kd of the antibody for BGFR. In this ambodiment the values for the Kd for
the vespective antigens are preferably as indicated in this paragraph. Thic appropriate
imbalance of affinity permits the bispesific antibody of an invention disciosed herein to
dock on g cell preferably via binding to EGFR and block the binding the ligand HGF to
eMET.

The variahle domain that can bind BGFR 1s preferably g variable domsin that, in
the context of a bivalent monospecific antibody, inhibits EGF indeced death of A431
cells. Inhibition of EGF induced cell death is preferably measured at & concentration of
10aM BGF and 10 ggiml antibody. Inhubition of EGF induced cell death is detectabie by
comparing the nwmber of cells with and without the antibedy after a 3-7 of day of
culture of the A431 under conditions that are permissive {but for the BEGE) for A431cell
groerth. Without being bound by theory i is believed that the binding of the anfibody i
EGFER blucks the binding of BGF to EGFR. The variable domain that can bind EGFR s
preferalily o variable domain tha, in the context of a bivalent monozpecific antibody,
inhibita BGF induced proliferation of BxPC3 ov BxFPC3-1uel cells.

Axn antibody of an invention as disclosed hersin preferably inhibits HGF induced
migration of RBC1 wells in a wound healing assay. The wound healing assay is
preferably an zzsay as described in the exaraples. The inhibition of wound bealing is
better than the rombination of cetuximab and MetMab. The inhibition is typically not
100%. Some wound healing also ococurs in the presence of an inhibitory antibody.

An antibody of an invention as disclosed herein inhibits HGYF and EGF/EIGE
induced growth of the BGFE TKI vesistant tumaor cell lines PC-9 and HOO827 when
used in combination with a TKI The TKY is preferably gefitivob.

Arn antibody of an invention as disclosed hersin inhibits HOF induced growth of an
HGF responsive cell, preferably of the BEGFR TKI veaistant tumor cell line PC-Sor
HOO827,

An antibody of an invention as disclosed herein inhibits BOF induced growth of an
EGF respomsive cell, without inducing significant comeaon toxiities such as rash and
diarrhea, eto. associated with high affinity bivalent EGFR andibodies. This renders the
antibody ideally suited for combination with TRIs which have their own toxicity profile.



W

10

15

20

25

30

35

WO 2019/031965 PCT/NL2018/050537

12

The induced growth is preferably measured using an assay as descvibed in the
examples. The inhibition is typically not 100%. Some growth cccurs also in the context of

an inhibitory sntibody.

The variable domain that can bind EGFR and that comprises the amine acid seguence of
the MF3370 or variant theveof as indicated herein, preferably binds to EGFE domain 1T
{see table 4 of international patent appHeation PCT/NL2015/050124; WO2015/130172
which is incorporated by veference herein). The binding of the variable domain o EGFR
can be inhibited by cetuzimab. The variable domain binds an epitope that is differvend
fromn the epitope that is recognized by cetuximab and zalutumumab. For example, the
variable domain binds to mouse BGFE whereas cetuximab and zalutuwnumal do not,
indicating that one or more of the vesidues that differ between mouse and homan EGFR
domain 111 play a role in cetuximab and zalutumumab binding, but not in an antibody of
an invention descrihed hevein. An advantage of 2 bispecific antibody of an tuvention
described herein having human, mouse, cynomolgus EGFE cross-reactivity is that it
permita the use of xenoprafs studies with human cancey models, which may be more
predictive with respect to effectivity and toxicily as the antibody also binds fo the
normal mouse cells thet have the veceptor, while also being capable of use in
cvnoraolgus toxicology studics. In one aspect the invention provides a ispecific antibody
that comprises a fivst variable domain that can bind an extraeslivlay part of ouman
epidermal growth factor receptor {EGFR) and a second varishle domain that can bind an
extracetiular part of human MET Proto-Oncogene, Receptor Tyrosine Kingse MET),
wherein said first variable domsin can also bind mouse BGFR, cynomelgus BEGFR or
both,

A MET variable domain preferably comprises an aming acid seguence of the
MF4356 or variant thereof as indicated herein, and preferably blocks the binding of the
antibody MetMab to «MET. The variable domain preforably blocks the binding of the
Hgand HOF to cMET. The variable domain blocks the binding of the antibody MetMals
to cMET when the binding of MetMab to cMET at half-maximum binding conditions i
reduced by at least 40% and preferably at least 80% in the presence of a satiurating
arount of satd variable domain. The variable domain is preferably provided in the
context of a bivalent monospecific antibody. The ¢MET variable domain can preferably
bind the sema domain of cMET. The cMET variakle domain of the invention may
compete with 5D5 for binding <MET or not compete with reported anti-cMET reference
antibodies, auch as 55, See Table 2.

A variable domain of an invention disclosed herein pan bind EGFR (the first
variable domain} and preferably comprises a heavy chain variable region with a CR1
soguensce SYGIS; s CDRY seguence WISAYK LNTNYAQRLAG and a CHR3S comprising
the sequence KaRalsme A WWELX A wherein Xy = Nor 8 XA or G X =D or (i Xy = K|
Sor ¥ Xs=H Lor YV, Xe=DorWand Xr=D o &

K17 is prefevably:

Wi=WN =G X=D =8 K=Y, Xe=Wand Xe=

Ki=N¥o=A 8= X=8 =Y, Xe=Wand Xo =

¥i=8Ke=GX=D =862, Xe=Wand Xv= (G

Kym ey =0 X =R - e Wand o= 1y
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=A K= Xam R XK= H o= Wand Xy = B
: =X =D X v R o XK= Wand Xy = D
Xi= \1 "‘{a G X G Xa=Y, XL = Dand X = G
Km M o= A =G =KL %= Dand =G or
Xim S Xem G K=0Xu=Y e, L=Dand Xr= G
{n a preferved embodiment
K= N Xe=GX%=D X =B K= H Xs=Wand Xo= I
Xi= \IXO A e X =R X o H o= Wand Xo= D oy
Km S Kem G K= X =R K= H; s = Wand Xr= B
Pre feiabiy Kim N Xem G M=D X B e, = Wand Xo= 13,

The agdno seids following the amino acid A in the sequence XXX X HWWELXA
in the CDRS zequence of the fivst variable domain can vary. The amino acid sequence
follwing the sequence XaXasXe HHWWLEA can be FDY. The CDRS of the fivet variable
domain preferably comprises the sequence XX KX HWWLEAY, praferably
KR XX HTWWLXAFD, move prefervably XXX HWWLIATDY.

The first variable domain preferably comprises a heavy chain variable region with
a CDR1 sequence SYGIR; a2 CDRY soquence WISAYNGNTNYAQEKLGG and a CDRE3
SEQUENCE Kakinsall W W LavA.

The first variable domain proferably comprises a heavy chain variable region with
a CDR1 sequence SYGIS; a CDRZ sequence WISAYNGNTNYAQELQG and a CDR3
comprising the sequence DRHWHWWLDA. The aminoe acids following the sequence
LDA in the CDRS sequence of the first variable domain can vary. The amino acid
sequence following the seguence LINA can be FDY. The CDRA of the first variable
domain preferably comprises the sequence DREWHWWLIDAF, preferably
DRHWHWWLDAFD, more preferably DREHWHWWLDAFDY,

The first variable domain preferably comprisea a heavy chain variable region with
the amino acid sequence of MEF3353; MF8225; MPR228; MFIAT0; MFRZ33E; MEFBZ3Z;
MEF3393; MPa227 or MF8228 as depicted in figure 7 having at most 10, preferably 0, 1,
2.8, 4,5, 86, 7 8 %or 10 and preferably having 0, 1, 2, 3, 4 ov 5 samine acid inseriions,
deletions, substitutions or a combination thareof with respect to the indicated sequence,
In a preferred embodiment the first variable domain comprises a heavy chain variable
region with the amino acid sequence of MF3353; MEF8229; MFR228; MF3370; MFB233;
MES232; MF3393; MEFB247T oy MFB228 as depicted in figure 7.

The variable domain that can bind cMET (the second variable dorain) preferably
comprises 3 heavy chain variable vegion that comprises the amine acid sequence of one
of the sequences of SEQ 1D NOG: 1-23 with 0-10 preferably 0-5 amino acid insertions,
deletions, suhetitutions, additions or a corabination theresf. The heavy chain varighle
region of the second variable domain preferably comprises the amino acid sequense of
one of the sequences of SEQ 1D NO: 1-3; 7; 8; 10; 13; 15; 16; 17, 21; 22 or 28 with §-10
preferably 0-5 amine acid insertions, deletions, substitutions, additions or & eombination
thereof. The heavy chain varigble vagion of the second variable domain preferably
comprises the amino acid seguence of one of the sequences of SEQ I NG 2, 7, 8; 16; 13
or 9% with 0-10 preferably -5 anunoe acid insertions, deletions, substitutions, additions
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or a combination thereof. The heavy chain variable region of the second variable domain
preferably comprises the aminoe acid sequence of the segquence of SEQ 1 NO: 13 or SEQ
ID NO: 23 with 0-10, preferably (-5 amino acid insertions, deletions, substitutions,
additions or a combination thersof

In a preferred embodiment the fivet variable domain comoprises a heavy chain
varizble rezion with a DRI sequence 8YGIS; a CDR2 sequence
WISAYNGNTNYAGELGG and 3 CDR3 comprising the sequence DRHWHWWLDA,
preferably DREIWHWWLDAFDY and wheretn the second variable domain eorprises a
heavy chain variable region with a UDR1 sequence BYSMN; a CDIRZ sequence
WINTYTGDPTYAQGETG and a CDR3 sequence ETYYYDRGGYPFDP. The CDRIL,
{DRE and CDEY of a light chain of the first and second variable domain preferably
comprises respectively the andne acid sequence CDRI - GBIS8Y, CDRZ — AAS, CHES -
SUSYSTE, ie. the CDRs of IGKV1-38 (according to IMGT).

In a preferred embodiment the first variakle domain comprises a heavy chain
variable region with a CDRI sequence 8YGIS; a UDEE sequence
WISAYNGNTNYAGQGELQS and a CDR3 comprising the ssquence DEHWHWWLDA and
wherein the sscond variable dorain comprises a heavy chain varishle region with a
CTRY sequence TYSMN,; a CDR2 sequence WINTYTGDPTYAQGETG and o CDR3
comprising the sequence ETYFYDRGGYFPFDP. The CDR1, UDR2 and CDHES of o hght
chain of the first and second variable dorsain preferably comprises respectively the
amino scid seguence CDR1 - QEISSY, CDRZ - AAS, CIIRS — QQSYSTP, ie. the UDHs of
TGEV1-38 (acovvding to MOGT).

A bispecific antibody that comprises a fivst variable domain that can bind an
sxtracellulay pavt of BGFR and a second variable domain that can bind an extracellular
part of cMET wherein the first variable doman comprises a heavy chain variable region
with & CDRI sequence 8YGIS; a CDRZ sequence WISAYNANTNYAQKLGG and a
CTIR3 comprising the sequence DRAWHWWLDA and wherein the second variable
domain comprises a heavy chain variable region with a CDRI sequence SYSMN; a
CTRZ sequence WINTYTGDPTYAQGF TS and 3 CDRS sequence ETYYYDRGGYPFDE,
The CDRI, CDR2 and CDR3 of a light chain of the first and second vaviable domain
preferably comprises respectively the amino acid sequence CDREI - Q8ISSY, CDR2 -
AAS, CDRS - QOQEYSTP, ie. the CDRs of IGEV1-38 (secording to IMUGT),

A hispecific antibody that comprises 3 first vaviable domain that can bind an
exiracellular part of EGFR and a second variable domain that can bind an extracelhdar
part of eMET wherein the first variable domain comprises a heavy chain variable vegion
with a CDRI sequence SYGIS; a CDRE sequence WISAYNANTNYAQYKLQG and a
CDR3 comprizing the sequence DREWHWWLIDA snd wherein the second variable
domain comprises a beavy chain variable region with a CDR1 sequence TYSMN; a
CDR2 sequence WINTYTGDPTYAQGETS and a CBES comprising the sequence
ETYEFYDROGVPFDP. The CDRE, ODR2 and CDR3 of a light chain of the first and

secrnd variable domain preferably comprises respectively the amino and sequence
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CDR1 - QEISSY, CDR2 -~ AAS, CDR3 - QQSYETP, i.e. the CDiRs of IGKV1-38
{secording to IMOGT)

A bisperific antibody that comprises a fivst variable domain thet can bind an
extraceilular part of EGFR and a second varable domain that con bind an extracellular
part of eMET wherein the first variable domain comprises a heavy chain variakde region
with a2 CDR1 sequence SYGIS; a CDR2 sequence WISAYSGNTNYAQKRLGG and a
CIES comprising the sequence BREWHWWLDA and whevein the second variable
domain comprises 8 beavy chain variable region with g CDEI sequence SYSMN; &
CIHEZ sequence WINTYTGDPTYAQGETS and a CDR3S sequenve ETYYYDRGGYPFDE.
The CDR1, CDR2 and CDR3 of 2 Heht chain of the first and second varisble domain
preferably comprises respectively the anuno acid sequence CDER1 - @S8ISSY, CDR2 —
AAS, CDR3 - QUSYSTE, ie. the CDRs of IGKV138 (according to IMGT)

A bispecific antibody that comprises a fivst variable domain that can bind an
extracellular part of BGFR and 2 second variable domsin that can bind an extraceliular
part of ¢MET wherein the first variable domain comprises g heavy chain variable region
with a CDR1 sequence 8YGIS; a CDRE sequence WISAYSGNTNYAQKLQG and a
CDIR3 comprising the sequence DRAWHWWLDA and wherein the second variable
doroain comprises a heavy chain variable region with & CDR1 sequence TYSMN, a
CDRZ sequence WINTYTGDPTYAQGFTG and g CDES comprising the sequence
ETYFYDRGGYPFDP. The CORL, CDR2 and CDR3 of 5 Hght chain of the first and
second variable domain preferably comprises vespactively the anino amd seguence
CDRI - GRISRY, CDR2 - AAR, UDR3 — QUSYSTPE, Le. the CDHEs of IGKV1-38
{according to IMGT).

The ODRIL, ODR2 and CRI of g light chain of the first and second vanable
domain as desovibed herein preforably comprises vespectively the amine acid sequence
CDRI - QSIRSY, CDE2 — AAS, CDHI - QQSYSTP, ie. the CDiBs of IGEV1-38
{according to IMGT). In some embodiments of s biapenific antibody as descyibed herein
the first and second variable domsin comprise a common light chain, preferably a light
chain of figure 8B,

In ancther preferved embodiment an BGVRAMET bispecific antibody comprises a
fivet variable domain that can hind an extracelbalar part of human EGFR that comprises
the ODRI, ODR2 and CDES of the heavy chain variable region of MF3755 depicted in
figure 1 and a second variable dorain that can bind an extracellular part of human
cMET that comprises the CDRY, CDR2 and CIR3 of the heavy chain variable vegion of
MF4247 depicted in figure 1. The light chain variable vegion in said first and second
variable domain 18 preferably a common light chain variable regiown as described hevemn.
The DRI, CDRS and CIE3I of a light chain of the first and second variable domain
preferably comprises respectivaly the amino acid sequence CDRI - BIS5EY, CDRE -
AAS, DRI — QUSYSTP, e, the CDRs of IGEV1-38 {according to IMGT). In a preferved
embodiment the antibody comprises a heavy chain variable region with the amino acid
seguence of ME3755 as depicted in figure 1 having at most 18, preferably 6, 1, 2, 3, 4, 5,
8,7, 8, Gor 10 and preferably having §, 1, £, &, 4 or 5 amine scid insertions, deletions,
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suhstitutions or a combination theveof with respect to the indicated sequence. Ina
preferred embodiment the fivet variable domwain comprises a heavy chain variable region
with the amine acid sequence of MEF2755 as depicied in figure 1. The variable domain
that can bind «MET (the second variable domain} preferably comprises a heavy chain
variable region that comprises the amino acid sequence of ME4287 as depicted m figure
1 with 0-10 preferably 0-5 aming acid insertions, deletions, substitubions, additions or a
combination thereof. The heavy chain variable region of the second variable domain
preferably cornprisea the amine acid sequence of MF4297 as depicted 1o Bgure 1

The term bispecific (b} in the context of the present inventiion means that an
antibody i capable of binding two different targets or two epitopes on the same target,
for example, where one variable domain of the antibody {as defined above} binds to an
epitope on EGFR and a second variable domain binds to an epitope on oMET. Depending
on the expression level, (sub-jcellhular localization and stolchioreetry of the fwo andigens
recognized by a Mspecific antibody, both Fab arms of the antibody may or may nol
simultanecusly bind their epitope. One arm of the higpecific antibody typically contains
the variable domain of one andibody and the other arm contains the variable domain of
another antibody (L.e. one avm of the bispecific antihody is formed by one heavy chain
paired with one Hght chain whereas the other arm s formed by a different heavy chain
paired with a light chain). Thus, the stoichiometyy of a preferved bispecific antibody of
an invention disclosed herein iz 101, BGFR«MET binding.

The heavy chain variable regions of the bispecific antibody of an invendion as
disclosed herein ave tvpically different from each other, whereas the light chain vanable
regions are preferably the same. A bispecific antibody wherein the different heavy chain
variable regions are associated with the same light chain variable region is also referred
to as & bispecific antibody with a commmon bight chain variable region {clov). It is
preferved that the light chain constant vegion s also the same. Such Mispecific
antibodies are veferved {0 as having a commen light chain {cle)., Further provided is
therefore a bispecific antibody according to an invention as disclosed hevein, wherein
both arms comprise g common light chain.

The term ‘common lght chaiw according to an invention disclosed hevein refers to
$wo or more light chaing in a bispecific antibody which may be identical or have some
amine acid sequence differences while the binding specificity of the full length antibody
is not affected. It is for instance possible within the scope of the definition of common
Yight chainsg as used hevein, to prepare or find Hght chains that are not identical but still
functionally equivalent, e.g., by introducing and testing conservative amine acid
changes, changes of amine acids in vegions that do not or only partly contribute to
binding specificity when paived with the heavy chain, and the hke, The terms ‘common
light chain’, ‘common L&, L, ‘single hight chamn’ with or without the addition of the
tevm ‘rearranged ave all used herein interchangeably. The terms ‘cornmon light chain
variable regiow’, ‘coramon VI, ‘common LV, €LCV, single VL with or without the
addition of the term Tearvanged ave all used herein interchangeably. It is a preferred
aspect of the present invention that a bispecific antibody has a conmumon light chain
{variable region) that can combine with at least twe, and preferably a plurality of heavy
chaing (variable rvegions) of different binding specificity to forr auntibodies with
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funetional avtigen binding dovoains (e.g., WO2008/1567771). The coromon fight chain
{(varishle region) is preferably a human hight chain {varviable region). A coreraon bight
chain (variable region} preferably has a gevmiine sequence. A preferred germbine
sequence 15 a light chain variable region that has geod thermodynasmic stabilify, yeld
and solubility. & preferred germline bght chain is 012, A cornmon Bght chain preferably
comyprizes the Hight chain encoded by a germbine human Vi gene segment, and is
preferably the rearranged germbine huroan kapps bght chain IgVel-38%01/IGIw 1701
(Figure 84}, The comamon Hght chain variable vegion 18 prefershly the variable region of
the rearranged germbne human kappa hght chain IgVei-38%0 /G101, A common
Hight chain preferably comprises a Hght chain variable region as depicted in figure 9B, or
97y with £-5 anune actd insertions, deletions, substifutions, additions or a combination
theverf. The coromon hight preferably further comprises a Hght chain comstant region,
preferably a kappa Hght chain constant region. A nucleic acid that encodes the coramon
light chain can be endon optimized for the cell svetem used to express the covomon hight
chain protein. The encoding nucleic acid can deviate from a germ-line nucleic acd
sequence,

In a preferred embodiment the hght chain corprises a light chain region
comprising the amine acid sequence of an 012/ 1gVa1-39%01 gene segment as depicted
in figure 84 with 0-10, preferably -5 amine acid insertions, deletions, substitutions,
additions or a combination thereof The phrase “012 Hght chain” will be used
throughout the specification as short for “a hight chain comprising a light chain variable
region comaprising the aming acid sequence of an U012/ 1gVr1-39%01 gene segmend as
depicted in figure 84 with 0-10, preferably 0-5 amino acid insertions, deletions,
substitutions, additions or 3 combination thereof IgVe1-38 1z short for Inmunoglobulin
Variable Kappa 1-58 Gene. The gene t5 also known as Immunoglobulin Kappa Variable
1-39; IGKV13%; IGKV1-38; 012a or 912, External Ids for the gene ave HGNC: 5740;
Entres Gene: 28930; Ensembl ENSGO0000242371. A preferred amine acid sequence for
IgVr1-39 18 given in figure 9E. This st the sequence of the Veregion. The Veregion can
be combined with one of five J-regions. Figure 8B and 97 describe two preferved
sequences for IgVe1-39 in combination with a J-region. The joined sequences are
indicated as IGHEV1-3%/4k1 and IGKV1-38/1k5; alternative names are IgVul-

A9%0LIGIR 1701 or [gVu1-39"D1/IGIRE401 (nomenclature according o the IMGT
database worldwide web st imegt.org)

Ii 12 preferved that the 0127 IgVx1-38%01 comprising light chain variable vegion is
a geymbine sequence. It is further preferved that the IGIx1%01 or IGIB%01 comprising
Hight chain variable region s 8 germline sequence. In a preferred embodiment, the
IGEV1-384k 1 or IGEV -39k 5 light chain variable vegions ave germline sequences.

In a preferved embodiment the light chain variable region comprises a germliine
(127 1gVr1-89%01. In a preforved embodiment the Hght chain variable region comprises
the kappa lght chain 1gVe1-38°0IGIu1%01 or IgVr 1-38°01/IGIeb%01. In a preforred
smbodiment a {gVr1-38* 01/ 51*01. The light chain vanable region preferably
comprises g germline kappa Hght chain TgVx -390V IGIu 1701 or germline kappa light
chaio gV i1-38%01/1GI%5%01, preferably a germline IgVx 1-38*01IGIs 1701,
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RMature B-cells that produce an antibody with an €412 hght chain often produce a
light chain that has undergone one or move mutations with respect to the germiline
seguence, .e. the normal sequence in non-lymphoid cells of the orgamism. The process
that iz responsible for these mutations is offen referved o as soratic {Byperymutation.
The resulting Bght chain is referred to as an affinity matured Hght chain, Such light
chains, when derived from an 01% gernline sequence ave O1Z-derived light chains. In
this apecification, the phrase “comumon lght chain” will include “common light chain
derived Hght chains and the phrase “012 Lght chaing” will include O1%-devived light
chaing. The mutations that are introduced by soreatic hypermutation can also be
introduced artificially in the lab. In the Iab aleo other muttations can be tntrodused
without affecting the properties of the light chain in kind, not necessarily in amound. A
lght chain is at least an 012 Hght chain if it comprises a sequence s depicied in figure
a4, figure 88; figors 9D or fipure 9E with 0-10, preferably 0-8 aminc acid insertions,
delations, substitutions, additions or a combination thereof In a preferved embodiment
the (312 lLight chain is 2 light chain comprising & sequence as depicied in figuve BA; 8B;
97 or 98 with (-9, 0-8, -7, 0-8, 0-5, -4 amino acid insertions, deletions, substitutions,
additions or a combination thereof In a preferred embodiment the 012 light chammis &
tight chain comprising a sequence as depicted n figure 94, figure 98, figure 81 ov figore
9% with 05, preferably 0-4, more prefevably 0-3 amino acid inseriions, deletions,
substitutions, additions ov a combination thereof In a preferred embodiment the 12
bight chain is 2 light chain comprising a sequence as depicted in figure 894, figure BE;
figure 913 or figure BE with (-2, move preferably [-1, most preferably 0 apuno aad
insertions, deletions, substitutions, additions or g combination theveof. In a preferved
embodiment the 01% light chain is 3 light chain comprising a seguence as depicted
figure BA or figure 98 with the mentioned amine acid inserfions, deletions,
substitutions, additions or a combination thereof, In a preferred embodiment the hght
chain comprises the sequence of figure AL In s preferved smobodiment the light chain
variable region coraprises the sequence of figure 8B, The mentioned 1, 2, &, 4 or b amino
acid substitutions are preferably conservative amino arid substitutions, the insertions,
deletions, substitutions or combination thereof are preferably not in the CDRE vegion of
the VL chain, preferahly not in the UDRE, CDRE or CIIRS region or FR4 region of the
YV chain,

The common Light chain can have a lambda hight chain and this is therefore slso
provided in the context of an invention as disclosed hevein, however a kappa light chain
is preferred. The constant part of a commen hght chain of an invention as disclosed
herein can be a constant region of a kappa or a lambda hight chain. If is preferably a
constant region of a kappa light chain, preferably wherein said common light chain iz a
germiine light chain, preferably a resrranged germiine human kappa light chain
comprising the 1gVKL-39 gene segment, most praferably the rearranged geymline human
kappa heht chain IgVEL39*0 /IGJ K01 (Figure 8). The terms rearvanged germline
human kapps light chain IgVe1-38*01IGIx 1%01, IGKVE-AIGKI ], hoVal-39 light
chain or in short haVi1-89, or simply 1-39 are used intevchangeably throughout the
application.
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A cell that produces a common hght chain can produce for instance rearranged
goymidine human kappa lght chain IgVe1-39"0110Ix1701 and a Lght chain coraprising
the variable region of the mentioned light chain fused $o a lambda constant region.

It a preferred embodiment the light chaie variakle region comprises the aming
amd sequence DIGMT GAPAS LEASY GDRVT I'TCRA SQSIS SYLMNW YQQKP GEAPK
LLIYA ASSLG SGVPS BFSGS GSGTD FTLTI SSLGP EDFAT YYCOQR SYSTP PTFGY
GTEVE IK or DIGQMT QRPES LSASY GDRVT ITCRA SQRIS SYLNW YQQKY GKAPK
LLIYA ASSLG SGVPS BFSGS GSGTH FILTI SSLGP EDFAT YYOQRE SYSTP PITYG
QOTRL BIK with 0-10, preferably 05 amino acid insertions, deletions, substitutions,
additions or a combination thereof In a preferred embodiment the light chain vaviable
region comprises (-8, O-8, (-7, 0-6, -5, 0-4, preferably 0-3, preferably -2, prefershly 01
and preferably O aming acid insertions, deletions, substitutions, additions with respect
to the indicated amine acid sequence, or 3 combination therveof. A combination of an
insertion, deletion, addition or subatitution is a combination as claimed i ahgned
sequences do not differ at move than 5 positions, In a preferred embodivnent the fight
chain variable region comprises the amino anid sequence DIGMT QSPES LBASY
GDRVT ITCRA 3QSIS SYLNW YOQRP GRAPK LLIVA ASSLG SGVES RFSGS
GEGTD FTLTI SSLOP BDFAT YYCQQR SYSTP PTFGH GTEVE IK or DIQMT GEPES
LAASY GDRVT ITCRA SOSIS SYLNW YQOKP GEAPE LLIVA ASBLE SGVPE RFEGS
GROTD FTLTI SSLGP BEDFAT YYCQQ SYSTP PITFG QGTRL EIX. In g preferved
embodiment the light chain variable region comprises the amine acid sequence DIGMT
QSPES LEASY GDRVT ITCRA SGSIS SYLNW YRQKYP GEAPK LLIVA ASSLY SGVES
RFEGS GSGTD FILTL SELQP EDFAT YYOQQ SYSTP PTIFGQ GTRVE K. In ancther
preferved ernbodirment the light chain variable region eomprises the smino acid sequence
DIGMT QSPSS LSASY GDRVT ITCRA SQSIS SYLNW YQQEP GEKAPK LLIYA ASSLE
RGVPS BFSGS GEGTD FTLTL SSLOP EDFAT YYOQQ SYSTP PITFG QGTRL EIK.

The aming acid insertiong, deletions, substifutions, additions vr combination
thereof are preferably not in the CDRS region of the lght chain variable regiom,
preferably not in the CDR1 or CDR2 region of the light chein variable region. In a
preferred embodiment the Heht chain variable region doss not comprise a deletion,
addition or inzeriion with respect to the sequence indicated. In this embodiment the
heavy chain variable region can have -5 amine acid substitutions with respect $o the
indicated amino acid sequence. An arming acid substitution iz preferably 8 conseyvative
amino goid substitution. The CDRL, CDR2Z and UDRSE of a light chain of an antibody of
the invention preferably comprises respectively the amino seid seguence CDRI -
QSISSY, CDR2 -~ AAS, CDR3 - QOSYSETP, t.e. the CDRs of IGKYV1-38 {according $o
IMGT

Bispecific antibodiss as described herein preforably bave one heavy chain variable
regionflight chain variable region (VH/VL) combination that binds an extraceliular part
of BOFR and a second VH/VL combination that binds an extracellular of cMET. Ina
preferred embodiment the VL in said first VH/VL combination is similar to the VLin
aaid second VH/VL combination. In a move preferved embodiment, the Vis in the fivet
and second VH/VL combinations are identical. In a preferred embodiment, the bispecific
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antibody 1s 8 full length antibody which has one heavydight (H/L) chain combination
that binds an extracellular part of BGFR and one H/L chain combination that binds an
extracellular part of MET. In a preferved embodiment the bght chain in said fivst /L
chain combination iz simiar to the lght chain in said second H/L chain combination. In
a more preferved smbodiment, the Heght chaing in the fivet and second I/L chain
combinations are identical.

Several methods have been published to produce & host cell whose expression
favors the production of the bispecific antibody or vice versa, the yoonospecific
antibodies. Io the present invention it is prefevred that the cellular sxpression of the
srntibody molecules is favored toward the production of the bispecific antibody over the
production of the respective monospecific antibodisg. Such is typically achieved by
modifying the constant region of the heavy chaing such that they faver
heterodimerization (e, dimerization with the heavy chain of the other heavy/hight chain
combination) over homodimerization. In 3 preferred embodiment the bispecific antibody
of an invention as disclosed herein comprises two different immunoglobulin heavy
chains with compatible heterodimernzation domains. Various corapatible
heterodimerization domains have been described in the art, The compatible
heterndimernization domains ave preferably compatible invnunoeglobulin heavy cham
3 heterodimerization domains. When wildiype CH3 domains ave used, co-expressicn
of two different heavy chains (A and B) and a common Hight chain will result in three
diffevent antibody species, AA, AB and BB. A4 and BB are designations for the two
mono-specific, bivalent antibodies, and AR is a designation for the bispecific antibody.
To increase the pereentage of the desived bispecific product (AB) CHS3 engineering can
be emploved, ov in other words, one can use heavy chains with compatible betero-
dimerization domaing, as defined hereunder. The art describes varvious ways i whieh
such hetero-dimerization of heavy chains can be achieved. One way is to generate knob
wto hole' bispecific antibedies,

The term ‘compatible hetero-dimerization domaing as used herein refers to protemn
domains that are enginseved such that engineered domain A’ will preferentially form
heterodimers with engineeved domain B and vice versa, homo-dimerization between A'-
A and BB is dimimshed.

In US13/866,747 (now lesued as US §,248,181), US14/081,848 {now 1saued as US
8 358 266) and POTVNL2Z013/050284 (published as WO2013/157954; incorporated herein
by reference) methods and means are disclosed for producing bispecific antibodies using
compatible heterodimerization domains. These means and methods can also be
favorably employed in the present invendion. Specifically, s bispecific antibody of an
invention as disclosed herein preferably comprises mutations to produce substaniial
expression of bispecific full length 1@ molecules o host celle. Preferved mutations are
the amine scid subatitutions L351K and T366K in the first UHS3 domain The BK-
variant heavy chain) snd the amine acid substitutions L351D and L38G8E in the zecond
domain {(the DE-variant’ heavy chain), or vice versa. US 8,248,181 and US 8,358,286
patents as well as the WOZ013/157854 PCT application {which are incorpovated by
reference herein} deroonstrate that the DE-variant and Kiovarismt preferentially pair to
form heterodimers (so-called DEKK bispecific molecules). Homodimerization of DE-
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variant heavy chains (DEDE horsodimers) are disfavored due to vepulsion between the
charged residues in the CH3-CH3S interface between identical heavy chains,

Bispecific antibodies can be generated by (bransient) transfection of plasmids
encoding a Hght chain and two different heavy chaius that are UH3S engineered {0
ansure efficient hetero-dimerization and formation of the bispecific antibodies. The
production of these chains in a single cell leads to the favored formation of bispecific
antibodies over the formation of monospecific antibodies. Preferred mutations to produce
essentially ondy bispecific full length I2G1 molecules are amino acid substibuiions 2t
positions 351 and 366, 2.z, L351K and T366K (mumbering according $o BU numbering)
in the first CH3 domain (the EH-variant’ heavy chain) and amino acid substitutions at
positions 351 and 368, 2.z L3510 and L368K in the second CH3I domain {the DE-
variant’ heavy chain), or vice versa {see {ov instance figures 10K and 10K}

In one embodimens the heavy chain/light chain combination that compnses the
variable domain that binds EGFR, comprises a DE variant of the heavy chain, In this
smbodiment the heavy chain/light chain combination that comprises the variable
domain that can bind to cMET comprises a KK variant of the heavy chain. The KK
variant of the heavy chain that binds ¢MET do oot produce homodimers thereby
vendering the observed effeet of HOF induced oMET activation mhibition by the
hispecific antibody very precise. It aveids activation of cMET sometimes chaerved with
bivalent cMET antibodies (agonism).

The Fe vegion mediates effector funciions of an antibody, such as complement-
dependent cylotoxicity (CDO), antibody-dependent cellular eytotoxicity (ADCC) and
antibody-dependent cell phagocyiosis (ADCP). Depending on the therapeutic antiboedy or
Fe fusion protein application, i may be desired to either reducs oy incregse the effector
function. Reduced effector function can be desived when an imumune responss 18 to be
activated, enhanced or stimulated as in some of the embodiments of an invention as
disclosed herein, Antibodies with reduced effector funciions can be used to target cell-
surface molecules of immuone cells, among others.

Antibodies with reduced effector functions are preferably Igl antibodies
comprizing a modified CH2/ower hinge region, for ingtance to reduce Fo-recepior
intergction or to veduce Clg hinding. In some embodiments the antibody of the
invention is an lgdd antibody with a nwtant CHE and/or lower hinge domain such that
interaction of the bispecific Ig( antibody to a Fo-gamma receptor is reduced. An
antibody comprising a mutant CH2 region is preferably an IgG1 antibody. Such a
mutant IgiG1 CHZ and/or lower hinge domain preferably comprise an amino substitution
at position 235 and/or 258 (EU-numbering), preferably an L2356 and/or G236R
subsiitution (Figure 10D

An antibody of an invention as disclosed hevein prefevably has effestor function. A
hispecific antibody of an invention as disclosed herein preferably comprizes aniibody-
dependent cell-mediated cytotoxicity (ADCT). The antibody can ke engineered to
enhance the ADCC antivity (for review, see Cancer Sei. 2009 Sep 100{8) 1566-72.
Enginesred therapeutic antibodies with improved effector functions, Kubeta T, Niwa B,
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Satoh M, Akinaga 8, Shitara K, Hanai N). Several in vitro methods exist for
determining the efficacy of antibodies or effector cells n elioiting ADCC, Among these
are chromium-51 [Cr51] release assavs, euvopium (K} release assays, and sulfuwr-35
{52351 release assays. Usually, a labeled target cell Hne expressing a certain surface-
exposed antizen 15 incubated with antibedy specific for that antigen. Afley washing,
affector cells expressing Fe receptor U116 ave en-incubated with the antibody-labeled
target cells. Targed cell lysis 1s subsequently measured by release of intracclular label
by a scintillation counter or spectrophotometyy. In one aspect a bispecific antibody of an
invention as disclosed herein exhibits ADCC activity. In such aspect the bispecific
antibody can have improved ADCC activity. In ancther aspect a bspecific antibody of an
invention as disclosed herein doss not exhibit ADCC activity. In such aspect the
sutibody can have reduced ADOC by means of onie or more CH2 moutations as described
elsewhers berein and by techuigues known to in the art. One technigue for enhancing
ADCC of an antibody is afueosylation. (See for instance Junttida, T. T, K. Parasons, et sl
{2030). "Supexior In vivo Efficacy of Afucosylated Trastuzumab m the Trestment of
HER%-Amplified Breast Cancer.” Cancer Research 70(11): 44814488}, Further provided
ig therefore a hispecific antibody aceording bo an invention as disclosed hevein, which is
afucosyvlated. Alternatively, or additionally, multipls other strategies can be used to
achieve ADOCC enhancement, for instance including glycoengineering (Kyowa
Hakko/Biows, GlycArt {Roche) and Fureka Therapeutics) and mutagenesis, all of which
sesk to improve Fo binding to low-affinity activating FoyR1Ha, and/or to reduce binding
to the low affinity inhibitory FeyRIEL. A bispecifin antibody of an invention as disclosed
hervein v preferably afucosylated in order fo enhance ADCC activity. A bispesific
antibody of an invention as disclosed herein preferably comoprises a reduced amount of
fucosyiation of the N-linked carbohydrate structuve in the Fe region, when coropared to
the same antibody produced in a normal CHO cell.

A vaviant of an antibody or bispecific antibody as deserthed herein comprises a
functional pavt, derivative and/or analogue of the antibody or Mspeeific antibody. The
variant maintsine the binding specificity of the (bispecific) antibody. The funciional
part, derivative and/or analogue maintains the binding specificity of the (bispecific)
antibody. Binding apecificity is defined by capacity to bind an extracelivlar part of a fivat
membrane protein and a second membrane protein as deseribed herein

A bispecific antibody of an inventdion disclosed herein ia preferably used in
humans. A preferved antibody of the invention is 2 homan or humagnized anfibody. The
constant vegion of a bspecific antibody of an mvention disclosed herein iz preferably a
human constant region. The constant region may contain one or more, preferably not
more than 10, preferably not more than 5 amine-acid differences with the constant
region of & naturaily occurring human antibody. 1t is preferred that the constant part is
sntively devived from a naturally scourring human antibedy. Various andibodies
produced bevein are derived from a hwman antibody vaviable domain Bbrary. As such
these variable domains are hinan. The unigue CDR regions may be derived from
mumans, be synthetic or derived from another organisme. The variable vegion is
considered a hursanized variable region when 1 has an amine acid sequence that is
identical to an amine acid sequence of the variable vegion of a naturally cecurring
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human antibody, but for the CDR repions. In such embodiments, the VH of a variable
domain of an antibody that binds EGFR or sMET of an invention gs disclosed hevein
may contain one or move, preferably not move than 10, preferably not move than §
antingc-acid differences with the variable region of a naturally occurring human
antibody, not counting possible differences in the amino acid sequence of the CDR
regions, The light chain variable vegion of an EGFR binding demain and/or a «MET
binding domain in an antibody of invention as disclosed herein may contain one or more,
preferably not more than 10, preferably not move than & amino-acid differences with the
variable region of a naturally occurving human antibody, not counting possible
differences in the amino acid sequence of the DR regione. The hght chain in an
antibody of an invention as daclosed herein may contain one or more, preferably not
more than 10, preferably not more than 5 andno-acid differences with the variable
vegion of a naturally ocourving human andibody, not counting possible differences in the
aming acid sequence of the UDE regions. Such mutations alse ocour in nature in the
context of somatic hypermutation.

Antibodies may be derived from various animal species, at least with regard to the
heavy chain variable region. 1% is conymen practice to bumanize such e.g. murine heavy
chain variable regions, There are various ways in which this can be achieved among
wrhich there are CDR-grafiing into a human heavy chain variable region with a 3D-
structure that matches the 3-I) structure of the murine heavy chain variable region;
deimmumization of the murine heavy chain variable region, preferably done by removing
known or suspected T~ or B- cell epitopes from the murine heavy chain variable vegion
The ramoval is typically by substituting one or more of the amino acids in the epitope for
ancther (bvpically conservative) amino acid, such that the sequense of the epitope &5
modified such that it is no longer 3 T~ or B-cell epitope.

Deiramurnized murine heavy chain variable regions ave less omunogenic in
huwmans than the original nrurine heavy chain variable vegion, Preferably a variable
vegion or dorsain of an invention as disclosed herein is further hwmanized, such as for
instance veneered. By using veneering technigues, exterior residues which ave readily
sncountersd by the imumune system are selectively veplaced with human vesidues to
provide 8 hybrid molecule that comprises either 3 weakly mmmranogenic or substantially
non-imrmunogenic veneered sorface. An animal as used in an invention as disclosed
hersin is preferably a mammal, more preferably a primate, most preferably a human,

A bispecific antihody according to an invention as disclosed hevein preferably
comprises a constant region of 2 human antibody. Accovding to differences in their
heavy chain constant domains, antthodies ave grouped into five classes, or isotypes: [gG,
{gA, IgM, IgD, and IgE. These classes or isolypes coroprise at least one of said heavy
chains that is named with 3 corresponding Greek letter. A prefevred embodiment
comprizes an antibody wherein szid constant ragion is selected from the group of Igs,
Iga, IgM, IgD, and IgE constant regions, more preferably said consiant region comprises
an 1gG constant vegion, Le. selected frorm the group ronsisting of IgGl. IgGZ, 1pG3 and
TeG4, Preferably, said constant region is an 1gG1 or Ig(34 constant region, more
preferably s mutated IpGI constant region. Some variation in the constant region of
TGl acours in nature and/or is allowed without changing the immunclogical propeviies
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of the resulting antibody. Variation can also be introduced artificially to install certain
preferred features on the antibody or parts theveof. Such features are for insfance
described herein in the context of CHZ and CHS. Typically between about 1-10 aming
acid ioseriions, deletions, substitutions or 3 combination thereof ave allowed 1o the

constant region.

A VH chain of Figure 1, 7 or & preferably has at most 15, preferably 0, 1, 2, 3, 4, 5,
8, 7, & 9 or 1 amine acid insertions, deletions, substitutions or a corobination thereof
with respect to the VI chain depicted in Figures 1, Tor B, preferably has 0, 1, 2,3, 40 §
aming acid inzertions, deletions, substitubions or 3 combination thereo!l with respect o
the VH chain depicted in Figures 1, 7 or 8, preferably 0, 1, 4, 3 or 4 insertions, delefions,
substitutions or a combination thereof, preferably 0, 1, 2 or 3 insertions, deletions,
substitutions or a combination thereof, more preferably € 1 or 2 inzeviions, deletions,
substitutions or a combination thereof, and preferably 0 or 1 insertiom, deletion,
substitution ov a combination thereof with respect $0 the VH chain depicted in Figares 1,
7 or &, The one or mors amino acid insertions, deletions, substitutions or a cornhination
thereof are preferably not in the CDRI, CDR2 and/or CDR3 region of the VH chain,
They are also preferably not present in the Frd region. An amino acid substitotion is
preferably a conservative amino acid substibution.

Rational methods have evolved toward minimazing the content of non-human
vesidues in the human econtext. Various methods are available to successfully graft the
antigen-binding property of an antihody onbo another antibody. The binding propertics
of antibodies may reet predominantly in the exact sequence of the CUDR3 vegion, often
supported by the sequence of the CDEREI and CDR2 regions in the variable domain
combined with the appropriate structure of the variable domain as a whole. The amine
acid sequence of a D region as depicied herein determined with the Kshat definition.
Vavious methods ave presently available to graft CDR regions onto a suitable varigble
domain of another antibody. Some of these methods are veviewed in J.C. Almagrol and
J. Fransson (2008) Frontiers in Bioscience 13, 1818-1833, which i3 included by reference
herein. An invention ss disclosed herein therefore fuvther provides a huwman or
humanized bispecific antibody comprising a fivst antigen-binding site that binds BGFR
and s second antigen-binding site that binds cMET, wherein the variable domain
comprising the BGFR binding site comprises 2 VH CIYR3 sequence as depicied for
ME3370 in Figurs 1, and wherein the variable domain comprising the eMET binding
site comprises a VH CDR3 region as depicted for MF4356 in Figure 1. The VH variable
region eoraprising the BGFR binding site preferably comprises the sequence of the
CIEI region, CDR2 region and the CDRS region of a2 VH chain as depicted for MFI3TH
in Figore 1. The VH variable region comprising the cMET bhinding site preferably
comprises the aequence of the CDRI rvegion, CDRE region and the CDR3 region of a VH
chain as depicted for MF4356 in Figure 1. CIIR grafiing may alao be used to produce 8
YVH chain with the CDR regions of a VH of Figure 1, bt having a different framework,
The different framework mav be of another hunan VH, or of g different mammal. An
invention ay disclosed berein therefove further provides a human or hurpanized
bizpecific antibody comprising a fivst antigen-binding site that binds EGFR and a second
antigen-binding site that binds <MET, wherein the variable domain comprising the
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EGFR binding site comprises a VH CDRS sequence an depicted for MF8E2358 in Figure 7,
and wherein the variable domain comprising the ¢MET binding sife comprises a VH
CDR3 vegion as depicted for MFS230 in Figure 8. The VH variable vegion comprising the
EGFR binding site preferably comprises the sequence of the CDRY region, CDRZ vegion
and the (RS region of a VH chain as depicted for MFE233 i Figure 7. The VH
variable region comprising the <MET binding site preferably comprises the sequence of
the CDRI region, CDEZ region and the CDR3I vegion of a VEH chain as depicted for
MF£230 in Figure 8. CDR grafting may also be used to produce a VH chain with the
ODR regions of a VH of Figure 7 or Figure 8, but having 2 different framework. The
different framework may be of ancthey braman VH, or of 3 different manumal,

An tnvention as disclosed herein therefore further provides a hwman or humsrazed
bispecific aniibody comprising a first antigen-binding vite that binds EGEFR and a second
antigen-binding site that binds eMET, wherein the variable domain comprising the
EGFR binding sife comprises a VH CDR3S sequence as depicted for MEFZ370 in Figuve 1,
and wherein the variable domain comprising the cMET binding site comprises a VH
CDIRY vegion as depicted for MFA230 in Figure 8 The VH variable vegion comprising the
EGFR binding site preferably comprises the sequence of the CDRI region, CDERZ region
and the CDR3 region of a VH chain as depicted for MF3370 in Figors 1. The VI
varinble vegion comprising the «MET binding site preferably comprises the sequence of
the CDR1I region, CDRE region and the CDES region of a VH chain as depicted for
MF8230 in Figure 8. CDR grafting may also be used to produce a VH chain with the
CDE regions of & VH of Figure 7 or Figure 8, but having a different framework. The
different framework may be of another human VH, or of a different mammal.

An tnvention as digselosed herein therefore further providaes ¢ buman or bunamzed
bizpecific antibody comprising a first antigen-binding site that binds EGFR and a second
antizen-binding site that binds cMET, wherein the variable domain comprising the
EGFE binding site comprises a VI CDR3I sequence as depicted for MEF8233 in Figure 7,
and wherein the variable domain comprising the «MET hinding site coroprises a Vii
CDR3I region as depicted for MF4358 in Figure 8. The VH variable region comprising the
EGFR binding site prefevably comprises the sequence of the CDRI region, UDRY region
aud the CDES region of 8 VH chain as depicted for MFB233 in Figure 7, The VH
varishle region comprising the cMET binding site preferably coroprises the sequence of
the CIXRY region, CDR2 region and the CDR3S region of s VH chain as depicted for
WMF4356 in Figure 8. CDR grafting may alse be used to produce a8 VH chain with the
CDR regions of 8 VH of Figure 7 or Figure 8, but having » different framework. The
different framework roay be of ancther hwoman VH, or of a different manumal.

Amn invention as disclosed herein therefore further provides a human oy
humanized bispecific antibody comprising a firet antigen-hinding site that binds EGFR
and a second antigen-binding site that binds «MET, wherein the varishle domain
coraprising the BOFR binding site comnprises a VH CDHES sequence as depicted for
MFR232 1o Figure 7, and wherein the variable domain comprising the cMET binding
sibe comprises a VI CDR3 region as depicted for MEB230 o Figure 8. The VH variable
vegion comprising the BGFR binding site preferably comprises the seguence of the
CDIR1 region, CDR2 region and the CDRS vegion of a VH chain as depicted for MFS232
in Figure 7. The VH variable region comprising the cMET binding site preferably
comprises the sequence of the UDRI vegion, CDR2 region and the CDES region of a VH
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chain as depicted for MF8230 in Figure 8. CDR grafting may also be used to produce a
VH chain with the CDR regions of a VH of Figure 7 or Figuve &, but having a different
framework. The different framework may be of another hurean VH, or of a different
mamal

An invention as dizclosed herein therefors further provides a hunman or
hummanized bispecific antibody comprising a first antigen-hinding site that binds EGEFR
and a second antigen-binding site that binds eMET, whersin the variable domain
comprising the BGFR binding site comprises a VI CDES seguence as depisted for
MFA232 tn Figure 7, and wherein the variable domatn comprising the oMET binding
site comprises a VH CDR3 region as depicted for MF4356 in Figuve 8 The YH variakle
region comprising the BGFR binding site preferably comprises the sequence of the
DR region, CORZ vegion and the CIIRS vegion of a2 VH chain as depicted for MF8232
in Figure 7. The VH variable region conprising the cMET hinding site preferably
coraprises the seguence of the CDRI region, CDR2 region and the CDR3 region of a VH
chain as depinted for MF43586 in Figure 8. CIIR grafiing may also be used to produce a
YH chain with the CDR regions of 2 VH of Figure 7 or Figure 8, but having a different
framewsrk, The diffevent framework may be of another human VH, or of a different

mammal.

The invention further provides a human or humanized bispecific antibody
comprising a first variable domain that binds EGFR and a second variable domain that
binds ¢MET wherein the first variable domain comprises a heavy chain vaviable region
with the amine acid sequence of MF3370 as depicted in figure 7 having at most 10,
preferably §, 1,2, 3,4, 5,6, 7, 8, 8 or 10 and preferably having 8, 1, 2, 3, 4 or 5 amino
acid insertions, deletions, substitelions or a combination thereof and wherein the second
variable domain comprizses a heavy chain varishle region that comprises the amino acid
sequence of MF4356 depicted in figure 8 (SEQ 1D NG 23) with 0-10 preferably 0-5
aming acid insertions, deletions, substitutions, additions or a combination thereof The
invention further provides s human or humanized bispecific antibody comprising a fivst
variable domain that binds EGFR and 3 second variable domain that binds eMET
wherein the fivst variable domain comprises 3 heavy chain variable region with the
anmine acid seguence of MFB233 as depicted in figuve 7 having af most 10, preferably &,
1,2, % 4,5,86, 7.8, 9or 10 and preferably having 0, 1, £, 3, 4 ov B amino acid insertions,
deletions, suhatitutions or a combination thereof and wherein the second variable
domain comprises a heavy chain variable regivm that comprises the amine acid sequence
of MEF8230 depicted in figuve 8 (SEQ D NO: 13) with 0-10 preferably -5 amino acid
insertions, deletions, substitutions, additiona or a combination thereof.

The invention forther provides a hurman or humanized bispecific antibody
eomprising a fivst variable domain that binds EGFR and a second variable domain that
binds ¢cMET wherein the first variable domain comprises a heavy chain variable vegion
with the amine acid sequence of ME3370 as depicted in figure 7 having al most 10,
preferably 0, 1, 2, 5,4, 5,8, 7, 8, S or 10 and preferably having 0, §, 2, 3, 4 or b amino
aeid insertions, deletions, substitutions or a combination thereof and wherein the second
variable domain comprises 8 heavy chain variable region that comprises the arsine acid
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sequence of MFS230 depicted in figure & (SEQ ID NO: 13) with 6-10 preferabily ¢-5
z:Of(

ammine acid insertions, deletions, substitutions, additions ov 3 combination they

The invention further provides a human or humanized bispecific antibody
comprising a first variable domain that binds EGFR snd a second vartable domain that
binds cMET wherein the first variable domain comprises a heavy chain variable region
with the amine acid sequence of MF8233 as depicted in figure 7 having at most 10,
preferably 6, 1, £, 8, 4, 5, 6, 7, 8, 9 or 10 and preferably having 8, §, 2, 5, 4 or § aminc
acid insertions, deletions, substitufions or a combination thereof snd wherein the second
variable domain comprizes a heavy chain variable region that eoroprises the amino acid
sequence of MF4358 depicted in figure 8 (SEQ 1Dy NG: 23} with 0-10 preferably -5
amine acid insertions, deletions, substitutions, additions or 8 combination thereof.

The invention further provides a human or humanized bispecific antibody
comprising a firat varishle domain that binds EGFR and a second veriable domain that
binds cMET wherein the first variable domain comprises a heavy chain variable region
with the anine acid sequence of MF8232 as depicted to Sigure 7 having at most 10,
preferably 0, 1,2, 3,4, 5 €, 7, 8, 9 or 10 and preforably baving 0, 1, %, 3, 4 or 5 amino
acid inzertions, deletions, substitutions or 3 combination thereof and wherein the second
variable domain conprises 2 heavy chain variable region that coroprises the amine acid
seguaence of MEF4356 depicted in figure 8 (SEQ 1D NU: 23) with 0-10 preferably -8
anino acid insertions, deletions, substitutions, additions or a combination thereof

The tnvention further provides a hwman or humarnized bispecific antibody
comprising a first variable domain that hinds BEGFR and s second varviable domain that
binds ¢MET wherein the first variable domain comprises a heavy chamn variable region
with the amino acid sequence of MES8232 gs depicted i figure 7 having a2t most 10,
preferablv 0, 1, 2.3, 4,5, 6, 7, 8, % or 10 and preferably having 0, 1, 2, 3, 4 or b aming
artd insertions, deletions, substifutions or a combination theveof and whevein the second
variable domain comprises a hesvy chain variable region that comprises the amino aoud
sequence of MFRL30 depicted in figure B (SEQ ID NO: 23) with 0-10 preferably -5
amino acid insertions, delefions, substitutions, additions or a combination theveof.

The mentioned at most 15, preferably 0. 1, 2, 3, 4, 5, 6, 7, 8, % ov 10 and preferably
0,1, 2, 3, 4 or 5 aminoe acid substibutions arve preferably conservative amino acid
substitutions, the insertions, deletions, substibutions oy a combination theveof ave
preferably not in the CDES region of the VH chain, preferably not in the CBRIY, CDRZ or
R3S region of the VH chain and preferably not in the FE4 region.

Various methods ave available to produce bispecific antibodies. One method
involves the expression of two different heavy chains and two diffevent lght chainsin g
cell and collecting antibody that is produced by the cell. Antibody produced in this way
will tvpically contain a collection of antibodies with diffevend comsbinations of heavy and
Light chains, some of which ave the desired bispecific antibody. The bispecific antibody
can suhsequently be purified from the collection. The ratio of bispecific to other
antibodies that are produced by the cell can be increased in various ways. In a preferyed
embodiment, the vatio is increased by expressing not two different Hght chains but a
common light chain in the cell. When a common light chain is expressed with the two
different heavy chains, the ratio of bispecific antibody to other antiboedy that iz produced
by the cell iz sigoificantly improved over the expression of twe different Jight chains. The
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yatio of bispecific antibody that is produced by the cell can be further improved by
stimulating the paiving of two different heavy chatns with each sther over the paiving of
two identical heavy chaios. Methods and means ave disclosed for produciog bispecific
antibodics (from g single cell), whereby means are provided that favor the formation of
bispecific antibodizs over the formation of monospecific antibodies. Theae methods can
also be favorably sraploved in the present invention. Thus an invention as disclosed
hevein in one aspect provides a method for producing g ispecific antibody from a single
cell, wherein said bispecific antibody comprises twe CH3 domains that ave vapable of
forming an interface, said method comprising providing in sand cell a} a first nucleic acid
molecide ancoding a lat CH3 dumain comprising heavy chain, &) a second nuclein amd
molectle encoding a 2nd CHS domain comprising heavy chain, wherein =aid nucleic and
molecules are provided with neans for preferential paiving of said Ist and Znd OH3
domain comprising heavy chains, said method further comprising the step of culfuving
said host cell and allowing for expression of said two nucleie scid molecules and
harvesting said bispecific antibody from the culture. Said frst and second mucleic acid
molecules may be part of the same pucleic acid molecule, vector or gene debivery vehicle
and may be integrated at the same site of the host cell’s genome. Alternatively, said first
and second nucleie acid molecules are separately provided o aaid cell.

A preferred embodiment provides a method for producing a specific antibody
according to an tovention as disclosed hevein from a single cell, wherein said bispecific
antibody commprizes two CHI domains that sre capable of foroung an interface, said
method comprising providing:

- a cell having &) a first nucleic heid moleculs encoding 8 beavy chain comprising
an antizen binding site that binds BGFR and that contains a 1st OH3 domain, and by a
sacond nucleis acid molecule snceding a heavy chain comprising an antigen-hinding site
that binds HrbB-3 and that containg a Znd CH3 domain, wheremn said nucleic acid
melecules ave provided with means for preferential paiving of said 1st and 2nd CH3
domains,

said method further comprising the step of culturing =aid cell and allowing for
expression of the profeins encoded by said two nueleic acid molecules and harvesting
said bispecific IeG antibody from the culiwre. In a particularly preferved embodunent,
said cell also has a third nucleic acid molecule encoding a common Hght chain, Said first,
second and third nucleic acid molecule may be part of the same nucleic acid molecule,
vector or gene delivery vehicle and may be integrated at the same site of the host cell’s
genome. Alternatively, said first, second and third nucleic acid moelecules are separately
provided fo said esll. A preferred commom light chain is based on 012, preforably if is
the rearranged germline human kappa light chain IgVel 3§70 1IGIg1*01, as described
above. Means for preferential paiving of said 1st and said @nd CH3I domain ave
preferably the corresponding mutations in the CH3 domain of the heavy chain coding
vegions. The preferred mutations to preferentially produce bispecific antibodies ave the
amino acid substitutions L351K and T388K (Ell-numbering) in the fivst CH3 domain
and the amino acid substitutions L3510 and L388E in the second CHI domain, or vice
versa. Further provided is therefore a method according to an invention as disclosed
hevein for producing a bispecific antibody, wherein said first CH3 domatn comprizes the
aming actd substitutions L351K and T3668K (Bll-numbering) and wherein said second
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CH3 domain comprises the amino acid substibutions L3510 and L368E, said method
further comprising the step of culturing said cell and allowing for expression of profeins
encoded by sa1d nucleic acid molecules and harvesting sad bispecific aniibody from the
culiure. Also provided is a method accovding to an invention as disclosed hevein for
preducing a bispecific antibody, whersin said fivet CH3 domain coyoprises the amine
acid substitutions L351D and L368E (KU -numbering) and wherein aaid second CH3
domain comprises the amino acid substitutions L351K and T388K, said method furthey
comnprising the step of adturing said cell snd allowing for expression of said nucleie acd
molecules and harvesting said bispecific antibody from the culture. Antibodies that can
be produced by these methods ave also part of the present invention. The CHS hetero-
dirmerization domains are preferably IgGl hetoro-dimenzation domains. The heavy
chain constant regions comprising the CHS heterc-dimerization domains ave prefervably
Iz(v1 constant regions,

In one embodiment of the invention includes 3 nuclete and molecule encoding an
antibody heavy chain variable region. The nusleic acid molscule (ypically an in vitro,
isolated or recombinant nucleic acid molecule) prefevably encodes a heavy chain variable
vegion as depicted in Figare 7 or Figure 8, or a heavy chain variable vegion as depicted
in Figure 7 or Figure 8 having 1, 2, 3, 4 or 5 amine acid insertions, delstions,
suhetitutions or combination thereof In a preferred smbodiment the nueleic acid
molecule comprises codon optimized nucleir actd segquence coding for an amino acid
sequence as depicted in Figure 7 or Figure 8. The codon optimization is optimized for the
species and/or the eell type of the antibody producing cell. For example, for CHO
production the nucleir acid sequence of the molecule is codon optimized for Chinese
hamster cells. The invention further provides a nuclelo acid moleculs envoding a3 heavy

chain of Figure 7 or Figure 8,

A nucleic acid molecule ae used in an inverndion as disclogsed herein is typically bt
not exclusively a ribonuelsic acid (BNAY or & deoxyribonucleic acid (BNA). Alternative
waclein acids ave available for a person skilled in the art. A pucleie geid aceording fo an
invention ss diselosed herein is for instance comprised in a cell. When said nucleic acid
1s expresaed in gaid cell, said cell can produce an antibody according to an inveniion as
dizclosed herein . Thersfore, in one smmbodiment of the tnvention inchudes a celid
comprizing an antibody according to invention as disclosed hervein andior a nucleic avd
asceording to invention as disclosed herein . Said cell is preferably an animsl cell, more
preferably 2 mammal cell, move preferably 2 primate cell, most preferably 8 buman ceill
A suitable cell 5 any cell capable of comprising and preferably producing an antiboedy
according to an invention as disclosed hevein andfor a nucleie seid aceording to an

invention as disclosed hepsin.

An invention az disclosed herein further provides a eel comprizing an antibody
secording to an tnvention as disclosed herein. Preferably satd cell {fypically an in vitra,
iaciated or recombinant cell) produoces said antihody. Said cell can also be a stored cell
shat is able to produce said antibody when taken out of storage and sutured. In a
preferred embodiment said el is a hybridoma call, a Chiness barester ovary (CHO) celi,
an NEG cell or a PER-C8™ cell. In z particularly preferred embodiment said cellis a
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CHO cell, Further provided is a csll culiure comprising a cell according to an invention
as disclosed herein . Various institutions and compantes have developed cell lines for the
iarge scale production of antibedies, for instance for clinical use. Non-limiting exaroples
of such cell lines are CHO cells, NSO colls or PER.CE™ gells. Thass cells are also used
for other purposes such as the production of proteins. Cell Hines developed for industrial
scale production of proteins and antibodies are herein further referred to as mndustrial
cell lines. Thus a preferred embodirnent includes use of a cell Line developed for the large
scale production of antibody for the production of an antibody of an invention as
disclosed herein, including preferably a cell for producing an antibody comprising a
nucleic amid molecule that codes for 2 VH, a VI, and/or 2 heavy chain as depicted in

Figure 7 oy Figure 8.

The invention further provides a method for producing an antibody comprising
culturing a cell of an invention as disclosed hevein and harvesting said antibody from
said culture. Preferably said cell s cultured in a sevum free mediam. Preferably said cell
is adapted for suspension growth. Further provided is an antibody obtainable by &
method for producing an antihody according to an invention as disclosed herein . The
antibody is prefevably purified from the medium of the sultuye. Preferably said antibody

iy affinity purified.

A cell of an invention as disclosed herein is for instance a hybridoma cell line, 3

SHO cell, a 283F call, an NSO cell or snother cell type known for ite suitability for
antibody production for clinical purposes. In a particulavly preferrved embodiment said
cell is a human cell. Preferahly a cell that iz transformed by an adenovirus Bl vegion or
a functional equivalent theveof. A preferred syample of such g cell ine 1o the PER.CETM
cell Bne or equivalent thereof In a particularly prefevred embodiment said cell is a CHG
cell or a variant thereof Preferably a variant that makes use of a2 Glutamine synthetase
{GE) vector syatem foy expreasion of an antibody,

Antibadies of an invention as disclosed herein can be produced at levels > 50 rag/l
after transient transfection in suspension 283F cells. The bispecific antivodies can be
purified to greater than 98% purity with yields > 70%. Analytical characterization
studies show biapecific 1g31 antibody profiles that ave comparable to bivalent
monosperific G L In terms of functional activity a bispecific antibody of an invention as
disclosed herein can demonatrabs superior polency compared o cetuximab in vitre and

i1 ViUG,

The invention further provides a pharmaceutical composition comprising an
antibody according to an invention as disclosed hevein. The pharmaceutical composition
preferably comprises a preferably pharmaceutically acceptable excipient or carrier.

An antibody can comprise a lahel, preferably a label for in vive imaging. Such &
fabel is typically not necessary for thevapeutic appheations. In for instance a diagnostic
gatting, a label can be helpful. For instance in visualizing target cells in the bady.
Various labels arve suited and many are well known in the art. {o & prefervad
embodiment the iabel is a radioactive lahel for detection. Tn ancther preferved
embodiment, the label is an infraved label Preferably the infraved label is suited for in
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vive imaging. Various infraved labels are available to the person skilled in the art.
Preferred infraved Inbels are for instance, IRDyve 800; IRIsye 880RD; [IRDye 6808LT,
TBDye 750; IRDyve 700D%; IRDye 800KRS IRDye 850; IRDye 700 phosphoramidite; IRDye
500 phosphoramidite (LI-COR USA; 4647 Superior Sfreet; Lincoln, Nebraska).

The invention further provides a method for the freatment of 3 aubject that has a
tumor or is at risk of having eaid tumor comprising administering to the subjeet in need
thersof an antibody or pharmsceutical composition according 0 an invention as
disclosed herein . The turmor is preferably an EGFR, MET or EGFR/MET positive
tumor. Before stavt of aaid treatment, the method preferably further comprises
determining whether said subject has such an EGFR, cMET oy EGFR/AMET positive
turoor. The invention further provides an antibody or pharmaceutical composition of an
invention as disclosed herein for use in the treatment of a subject that has or s at risk of
having an BGFR, cMET or EGFRICMET positive fumor.

T eatablish whether a tumor is positive for BEGFR the skilled person can for
instance determine the BEGFR amplification and/or immunc-histochentistry staining, Ab
leaat 10% of the tumor cells in a Hopsy should be positive. The biopsy can also contain
6%, 30% 40% 50% 60% 70% or move positive cells. To eatablish whether a tumor is
positive for eMET the skilled person can for instance determine the cMET amplification
and/or staining in immunohistochemistry. At least 10% of the tumor cells in a biopsy
should be positive. The biopsy can also contain 20%, 30% 40% 50% €0% 70% or more
positive cells,

The invention as disclosed herein can be applied to g wide range of cancers, hke
breast cancer, colon cancer, pancreatic cancey, gastric canecer, ovarian cancer, colovectal
cancer, head- snd neck cancer, hing cancer including non-small eell Jung cancer, bladder
cancer and the like. The tumor may be an BGFR, (MET or EGFR/MET positive cancer,
Arn embodiment of the invention may preferably treat a positive cancer that is a breast
cancer, such as earky-stage breast cancer. In another embodinent of the inverdion may
preferably treat the EGFR, cMET ov BGFRAMET positive cancer that is colorectal
cancer. The invendion as disclosed herein can be applied to a wide rangs of EGFR, cMET
or BOFR/CMET positive cancers, like breast cancey, colon eancear, pancreatic cancer,
gastric cancey, ovarian cancer, colovectal cancer, head- and neck cancer, Tung cancey
including non-small cell lung cancer, bladder cancer and the like. The subject is
preferably a human subject. The subject is preferably s sulject eligible for antibody
therapy veing an EGFR specific antibody such as cetuximad. In a preferred embodiment
the invention may preferably freat a subject that comprises a tumor, preferably an
EOQFR/IMET positive cancer, preferably 3 tumorfeancer with an EGFR RTE vesistant
phenotype, an BOFR monoclonal antihody vesistant phenctyps or & combination thereot

The amount of antibody to be administered to a patient is typically in the
therapeutic window, meaning that a sufficient quantity s used for obiaining a
therapeutic effect, while the amount does not exceed a threshold value leading to an
unaccepiable extent of side-effects. The lower the amount of antibody needed for
obtaining 2 desived therapeutic effect, the larger the therapeutic window will typically
be. An antibody secording to an invention as disclosed hevein exerting sufficient
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therapeutic effects at lvw dozage is, therefore, preforved. The dosage can be in range of
the dosing regimen of catuximab. The dosage can also be lower.

A bispecific antibody according to an invention as disclosed herein preferably
indusces less akin toxicity as compared to cetuximab under otherwise similar conditions.
A bizpecific antibody according to an invention as disclosed hersin preferably produces
less proinflasumatory chemokines, preferably of U114 a¢ compared to cetuximab
under otherwise similar conditions. A bispecific antibody according to an invention as
disclnsed herein preferably induces less impaivment of antimicrobial RiNAses, preferably
Buase 7, as compared to cetuzimab vnder otherwise gimilar conditions.

The present invention describes among others antibodies that target the BGFER
and ¢MET receptors and resull in potent proliferation inhibition of canscer sell ines in
vitro and tumor growth inhibition in vive. A bispecific antibody of an invention as
disclosed herein can combing low toxicity profiles with high efficacy. An antibody of
invention as disclosed herein can be useful in various fypes and lines of BEGER-targeted
therapies. An antibody of an invention as disclosed herein can have an intreased
therapeutic window when compared to an antibody that binds the same andigen(s) with
both armes. A bispecific antibody of an invention as disclosed herein cap exhibat better
srowth inhibitory effects in vitro, in vive or a combination thereof when compared {o the
eetuximab antibody.

The invention also provides a hispecific antibody of an invention as disclosed
herein, for use in the treatment of subiect that may have one or move of a varisty of
different kinds of tumors. The tumor may be an BGFE pesitive fumor, a «MET positive
tumor or an BOFR and eMET positive tumor. The tumor may be a breast cancer; colon
cancer, pancreatic cancer, gastric cancer, ovarian cancer, colorectal cancer, head- and
neck cancer, fung cancer inchuding non-small cell lung cancer or bladder cancer. The
tumor may be resistant to treatment with an EGFR fyrosine kinase inhibitor. The
EGFE tyrosine kinase inhibitor is preferably eviotinih, gefitinib, or afatinib, an analogue
of erlotinib, gefitinib or afatinib or a combination of one or more of the respective
compounds andior anslogues therveof. The treatment preferably further comprises
treatment with an EGFR tyvosine kinase inhibitor. When co-treating with an EGEFR
tyrogine kinage inhibitor the tumor can be vesistant to the treatment with the EGFR
tyrosine kinase inhibitor. The co-treatment at least partly restoves sensitivity of the
tumor to the tyvosine kinase inhibitor. The EGFR tyrosine kinase inhibitor can be a fivst
generation BGFR tyrosine kinase inhibitor. Examples of chinically relevant fivst
senervation BGFR tyrosine kinase inhibitors are erlotinib and gefitinib, In this and other
embodiments the tumor may be an HGF-associated tumor,

An EGFR-positive tumoy is typically a tumoyr that has an EGFR sctivaiing
mutation. An EGFR activating mutation 18 a mubation of EGFR that results in
activation of the EGF/EGFR sigoaling pathway. The EGFR activating routation may be
important for a cancerous state of the tumor. One of the ways in which sueh tumors can
hecome insengitive to BGFR fargetad thevapy is by activation of the HGF/MET
signsling pathway. The tumor may be an HOF-associated fwmor. Activation of the
eMET/HGT signaling pathway is one of the ways in which an EGEFR-positive tiunor can
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ezcape treatment with an BOFR-targeted therapy. The cMETHGT pathway can he
activated in various ways. Various methods of activation ave descvibed in the art sore of
which are detailed herein, An antibody of an invendion as disclosed hevein s
particularly suited for the treatment of bumors wherein activation of the sMET/HGE
signaling pathway is associated with the presence of or excess of HGF. Such oMET
positive fumors are referved to as HGF.associated tumors or HGF-dependent humors,
Ar antibody of an invention as disclosed hevein can also be used fo gt least in paxt
inhibit this possible sacape mechanism of BEGFR positive tumors. Such bunors can
escape BOFR-targeted therapy through the selected sulgrowth of fumor cells wherein,
in addition, the cMET/HGY signaling pathway is activated. Such cells may be present at
the start of the BGFR-taveeted therapy. Such celis have a selective growth advantage
over FIGF/cMET signaling negative tumor cells, The tumor may be a tumor wherein the
HGF/IeMET signaling pathway is activated, The tumor may be a fumor that i
associated with elevated levels of hepatocyte growth factor (IGE) ov overexpression of
the HGF veceptor ¢-Met. The tumor may be a tumor wherein growth is driven by the
EGF and/or HGF. A tumor is said to be driven by a certain growth factor if the signaling
pathway is activated in cells of the tumor i response to the presence of the growth
factor and removal of the growth factor vesulis in inhibition of the growth of the cells of
the tunor. Beduction can be measured by reduced cell division andfor tnduced cell kil
such s apoptosis. A tumor is an HGF-asseciated tumoy if undeyr conditions that would
otherwise be permissive for the growth of the twmor, the tumor growths or growths
faster in the presence of HGE,

EGFR-targeted therapies for various tumors have been reviewed by Yerchions et
al, EFR-targeted therapy.” Bxperimental cell research Vol 317 (2011} 2765-2771. In
general BGFR-targeted therapy is a thevapy with a molecale that interacts with EGFR
and inhibits EGFB-mediated signaling in the cell.

The method of treatment or antibody for use in the treatment as indicated heremn
preferably farther comprises the step of determining whether the tumor is an HGE-
associated fumaor.

An sntibody of an invention as disclogsed herein can inhibit growth of an HGF-

asrociated tuamor,

In soroe embediments wherein a ¢MET hinding variable domain iz described to
have g CDORZ sequence “WINTYTGDPTYAQGF TG the CDRE sequence can also be
CWINTYTGDPTYAQGET .

Whare herein ranges are given as between mumber 1 and nurober 2, the range
inchudes the number 1 and number 2. For instance a range of between 2-5 mncludes the

number 2 and &

When herein reference is made 4o an affinity that is higher than another, the Kd =
fower than the other Kd. For the avoidance of doubt a Kd of 102-8 M iz lowey than a Kd
of 10e-8 M. The affinity of an antibody with a Kd of 10e-8 M for a target ie higher than
when the ¥d s 10e-8 M.
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A reference hevein to a patent dosument ov other matter which is cited i3 not o be
taken as an admission that that decuwment or matter was known oy that the information
it containe was part of the common general knowledge as at the priovity date of any of

the claims.

For the purpose of clarity and a concizse description, features are described herein
as part of the same or separate embodiments, however, it will be appreciated that the
scope of the invention as disclosed herein may include embodiments having
combinations of all or some of the features described.

BRIZF DESCRIPTION OF THE DRAWINGS

Figure 1. Amino acid sequence of the heavy chain variable regions of variable domains
referrved to in this application.

Figurs 2. Functionality of anti-BGFR «LC bivalent antibodies 1o inhibiting the EGF
induced death of A4371 cells. The ¥ axis {covnts) shows the flusreacence readout of the
assay, remuniscent of the number of metabolically sctive cells, as a function of the
concentration of antibody used (F-axis). PGARTO 15 able to inhibiy EGF-induced cell
death and therefore shows enhanced growth of the cells with inoveasing antibody
concentration. Molecules having variable region amine scid seguences of
cetuximab/Erbituy, referred to herein as cebuximab or reference antibody cetuximab,
were used in experiments as an indernal standsrd (black dots),

Figure 8. The effect of «MET x EGFR bispecifics on wound healing in H385 cslls (panel
AY and EBCO-1 cells {panel B,

{ells were incubated either without (mock) or with 12.5 ng/m] EGF or 15 ng/md HGF or
a combination of HGF and EGE (15 ng/ml and 12.5 ng/el) with addition of b individual
eMETZEGER bispecifics. As a contyol cetuximab in combination with 2894 Fab was
included. The Y-axis depicts the percentage of wound closure measured by time-lapse
MICTOSCOpY,

Figure 4. FAUS anslysis on the BGFR and eMET expression analysis in the TRI
resigtant NSCLC cells, HCCB27 and PC-% cells,

{A) Both cells lines were chavacterized for the expression of EGFR (s-axig) and cMET (-
axig) using fluorescently labeled antibodies. Al HCCO827 cells show EGFER expression
and can he subdivided into a BEGFRbet (METee population and a BGFRpe, cMETw
population, FO-8 eells contain a small population of BOFRMe and eMETrs colls and a
minimal population of BGFRr and oMET cells,

(B) Graph representing the distribution of the different cell populations in PC-8 and
HOCRZT colls.

Figure 5. Example of the effect of PRALIZ and PBA3AR on HGF induced resistancs to
TKI inhibitors in PC-8 (panel A) and HOC82T (panel B} ealla.
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Cells weye pre-treated with hispecific PB8532, PRE3AE, or the cebuximab/5D5 Fab
mixture and incubated with HGF and/or EGF in combination with a TEI inhibitor, after
which the proliferation was measuved. PB853% inhibits HGF mediated and BGF
mediated gefitinib registance in PC-9 cells and HOCR2T cells.

Figurs 6. Effect of treatment with the indicated antibodies on HGF induced «MET
phosphorylation or EGF induced BGFR phosphovylation on PC-8 and HOCS27 cells.
Antibodies {100nM) were incubated for 15 minutes at 37°C wheve aftey cell extracts
were generated and applied to Western Blot analysis for detection of (EGFR and
cMET. Anti-vineulin antihody was inchuded as a protein loading control.

Figure 7. MF3370 and variants thereof. The CDRY, CDR2 and CDRS sequences in
ME8226 are underlined from left to right. The CDRs in the other sequences are at the
corresponding positions,

Figure 8 MF4356 and variants theveof. The CDRI, CDR2 and CDRS sequences in
MF4356 are underlined from left to right. The CDRs in the other sequences axe 8t the
corvesponding positions,

Figure 4. Common light chain used in mono- and bispecific IgG.

Figure 84 Common light chain amino and sequence. Figure 8B: Common light chain
varighle domain DNA sequence and translation ({GEV -394k} Figure 8C: Conumon
light chain conastant vegion DNA sequence and translation. Figure 50 [GRV1-384k5
common light chain variable domain translation, Figure 8E: Voregion IGKV1-38A.

Figure 16. Iz heavy chains for the genevation of bispecific molecules. Figure 10A: CH1
region. Figure 108: hings region. Figure U CH2 region. Figure 100k CHY containing
L235G and G238K silencing substifutions. Figure 10E: CHSE domain containing
substitutions L35 1K and TI66K (KE). Figure 10F; CHSI domain containing substitutions
13510 and L363E (DEY.

Figure 11. Inhibition of EGF binding to recombinant BEGFR in ELISA.

Biotinylated EGF was allowed to bind coated EGFR in the presence of a sevial dilution
of 1g(3. Cetuximab was used as a positive control and PG2708 as a negative control
antibody (MNeg ctel Ab). EGF binding was detected by streptavidio HEP.

Figure 12. Determination of cynomolgus BEGFR cross reactivity by FACUS analysis.
CHOWKI eells were travsfecied with hwman BEGFR or eyoomolgus EGEFR constroets,
Antibodies were sllowed to bind the transfected cells and CHO-KI cefls at & pgiml
Cotuximal was used a8 8 poritive control and PG2708 as a negative contyol antibody
(Neg ctrl Ab). Bound antibodies werve detected by a PE corgugated antibody.

Figure 13, Determination of mouse EGFR and cMET eross reactivity by ELISA. Upper
panel; A fised concentration of antibody (8 ygiml) was tested in a serial titration in
microtiter plates coated with mouse EGFR and human EGFR. Anti- HGFR antibodies
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and PGRTOS (neg Cirl Ab) were allowed to bind and detected by an HEP conjugated

yanel s serial tiiration of antibedies was aliowed to bind cosged human
and mouse ocMET, The human/mouse cross reactive antihody BAFE27 was included as a
positive control antibody and PG2708 was added as 2 negative eomtrol antibody (Neg
Ctrl Ab). Bound antibodies were detecied by streptavidin HRP,

Figure 14, Inhibilion of igand dependent N&7 probifevation. A serial antibody fitration
was incubated with N87 celis in the presence of HGF(A), BGF (B) or EGFHGY (O), Cell
proliferafion was measuved by Alamar Blue. Fab 8D8/cetuximab in an equimolar
concentration was included as 2 positive condral antibody. The Y-axis represents the
fluorescence intensity as an indicator of cell proliferation. The X.axis represents the
different concentration of the fested antibodies.

Figure 15, An example of ADCO activity of QMETSEGEFR bispecific antibodies inn N&7
eells {A) and MEN-45 cells (B) using the high affinuy FoyRa ADRCO repovier assay.
The X-axis represents the added antibody concentration. The Y-Axis represents the

Luminescence (RLLD as a vead out for ADCC activity. Anti-EGFR antibody cetuximalb

was included as a positive control antibody.

Figure 18. The effect of HGF on the efficacy of the TRix erlotingb and gefitinib in PC-9
(A) and HOCH2T (B) cells. Cells were incubated with mcreasing concentrations of HGF
{3 to 120 nghmls in combination with 300 nM erlotiveh or gefisinib, after which cell
pro}iferation was measured. In both cell lines HOF induced a dose-dependent vesistance
to the This.

Figure 17. Testing of affinity binding of ADCC-enhanced «-MET » EGFR variants.
CHO-KL cells stably expressing EGFR (A) or MEN-45 cells endogenously expressing o
MET %) were incubated af 2x10° cellafwell with increasing soncentrations of antibody
as indicated. Affer washing, binding was detected with anti-human IgG-PE 8 pg/mi).
Stained cells were analyzed on an iQue systent 2nd mean flucrescence intensity (MFD
was caleuiated. Control antibodies were MP1387xMF1237; TIXTT negative control;
dark triangles at the hottom) and MF4358xMF3770 (PB8532p04; o MET2EGFR
positive contral for o MET; black trmiangles). TT stands for tetanus toxeid. ADCO
ndicates antibodies with snbanced ADRCT function through co-transfection with BNA
encoding the RMD enzyme to remove a fucoss residue from the Fovegion of IgG1L.

Figure 18, Besults of ADCC veporter assay to confivm enhanced ADCC effector
function, EGFR-expressing BxP{-3 calls deft) or o-MET-expressing MEN-45 cells (right}
were mized with ADCC effector cells at an BT ratio of 15:1,and incubated in the
presence of a titvation of test antibody (.01 to 10 pg/ml). After 6 hours, Bio-Glo reagent
wag added and luminescence measured using a microplate reader. The greater the level
of lurainescence, the greater the degres of interacion between target and effoctor calls
induced by the test antibody. Top panels show results of high-affinaly assay and bottom
panels those of low-affinity assay. The negative control antibody was PGI337p218 (andi-
TT, light triangles at the bottom); the other contyol antibodies were 317834280 (HERE3 x
FKGFR, ADCCenhanced, hight closed civeles {(at the top in the left band top panel);
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3176x4280 (HERS x EGFR, non-ADCC-enhanced, black crosses, at the bottom);
4356x3370 (¢-MET x BGFR, ADCC-enhanced, open Heht ciecles); 3370x4356 (EGFR » o-
MET, non-ADCC-enhanced, black crosses and dashed lines); and Cefuximab {anii-
BEGFR, small black circles).

Figure 19, Erlotinib induces an anii-tumor responss in NGS-hHGFE mice engrafied
with HOOR27 cells as long as mice veceive treatment. Black aryvow indicates start of
{treatment,

Figure 20. PB853%2 alone and in eowshination with erlotinib induces an anti-tumor
response in NGS-hHGEFK nuee engrafted with HCC8ET cells. Black arrow indicales
atart of treatioent; grey arrows in the X-axis indicate weckly antibody treatments.

Figure 21 The anti-tumor response induced by PB8A32 alone and in combination with
eviotinib is superior to that of erlotinib, even after treatment stops. Black arvow
indicates start of treatment; grey arvows in the X-axis indicate weekly antibody
freatments.

Figure 22, The anti-tursor response indused by PB8532 alone and in combination with
erlotinib is superior to that of exlotinih. Black arvow indicates start of treatioent; grey
arrows in the ¥-axis indicate wesekly antibody treatments. Treatment with the «MET
antibody LYZ875358 with and without erlotinid treatment was less sffective than
PBS532 even without evlotinib treatment.

Figure 23, The anti-tumor response induced by the (METEGFR bispecific antibody
PB18478 is effective also when the $umor develops resiatance to eviotinib. Black arrows
indirate the start of the erlotinib treatment and the start of the PBI8478 treatment.

EXAMPLES

As vsed herein “MFXXXY” wherein X is independently a numeral §-8, vefers toa
Fab comprising a variable domain wherein the VH has the amino aad sequence
identified by the 4 digits. Unless otherwise indicated the light chain varviable vegion of
the variable domain typically has a seguence of Figure 84, typieally 8B. "MEFXXXX VH"
refers to the amine scid sequence of the VH identified by the 4 digita, The MF further
comprises g constant region of a Hght chain and a constant region of & heavy chain that
normally interacts with & eonstant region of a Heht chain. PG refers to a monospeaific
antibody comprising identical heavy and light chains. PB refers to a hispecific antibody
with two different beavy chaing. The VH variable regions of the heavy chains differ and
typically also the CHS region, wherein one of the heavy chains has a KK mutation of its
{HB domain and the other hag the complementing DE mutation of it3 CHZ domain {see
for reference PCUTVNL2013/050294 (published as WO2013/187854).
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Example 1 Maserials and Methods

(‘\

ol lines:

BBC

1 CRBO8LN], PC-8 [ROCBO446], HA358 {H}?( 2R CREL-BRQ7™ HOO8EY
TATCCS CRL-2868™, MEN-45 [DEME ACC 408] N87 (ATCU®CRL-5822™ and A431
[ATCO® CRL-1555™] cell lines were purchased (m& Qutmea-iy maintainad i growth

S0

media supplemented with 10% heal inactivated fetal bovine serum (FBE). HEK283P

Froestyle cells wers obtained from Invitvogen and routinely maintained o 283 FreeStyle
medinm,

cINA consivusts:
Generation of cMET and EGFR expression veclors for generation of siabie cell
eMET and EGFR) and for immunization {eMET)

Full length ¢DINA of each target inchiding wiigue rvestriction sites for cloning and
kozak consensus seguence for efficient translation was either synthelized, ov obtamned

via POR amplification on a connnercially available expression construct, containing the
target cINA, with specific primers that introduced unigus vestriction sites for cloning
and kozak consensus sequence fov efficient transiation, The full length oDNA of each
target was cloned into a sukarvotic expression construct such as 3){:{37@\7:’&3.1” whersas the
extracellnlar domains were cloned into pVAXT and pDisplay. The insert sequences were
verified by comparison with NCBI Reference amino acid segquences.

Amino acid sequence full length human EGFR insert for expression on the cell surface
{{dentical to GenBank: NP _00533)

MRPSGTAGAALLALLAALCPASRALREREVCQGTSNELTQLGTFEDHF LELQRMEPNNCEVVL
DLASPLRTIQGEVAGYVLIALNTVERIPLENLQT IRGMNMYYENS YALAVLENYDANKT
FLHGAVRFSNNPALONVESTQWR

ENCQKLTRITICAQQCSERCREKEPSDCCHNQCAAGCTGERES

TTYQMDVNPEGRY SFGATCVRKCPRNYVVTLRGSCVRACGAD

CRFED LS INATNIKHFRNC TS ISGDLHI LPVANRGUSFTHIPRLORPQRLD ILRTVEEITGE L ,.Jl’\)

PENRTULHAFENLEIIRGRTEQHGOFSLAVVELNITSLG ENLCYANTIN

TEGOETKIISNRGENSCRATGOVCHALCSPEGCWEREPRDOVECRNVERGRECVRECNLLEG

EFVENSECIQCHPECLPOQAMNITCTOREPDNC] HYTRCPHOVRTCPAGVMGENNTLVWEYAD

4L Agniiot \\; -
AGHVCHLCAPNCTYGCTES CALLLLLVVALGIGLEMRRRHEIVERKRTLR

LEELE
QNHLEGSCORCIP SCPNGECWHAGE
LCVCRKEFRDEATCEDTCRPPEMLYNE

INTa
3

Tero e SNTRA O
IVSSDELONMSEN

T
NG

P

ol

GLEGCPTNGPKIF SN.FST‘:

RELOERELVEPLTP SGEAPNOALLRI LEETEF KK IRVLG3GAFGTVYKGLN I PEGER VK I PVATKELR
PATSEFRANKE T LLERYVMASVENDHVORLL LLDYVREAKDNIGSOYLLN

WOVOIARKGMNYLEDRRLVHRDLAARNVL \/*\EPQHVE{" ¥ FEKEYHARGGEVE IKWMALE
DVHSYGVIVHELMTFGSKPYRGIRPASEILS ICTIDVYMIMVECWNM
LIIRFSEMARDPORYLVIQGDERMHLP SPTOSNEYRALMDEEDMDOVVIADEY LIPS

!

VT ANNSTVACIDRNGLOSCPIKEDSFLORY SSDFTCGALTEREIDDTRLE
FPEYINGSVIKRPAGSVONPVYENQP LNFAPSEDPHYQDPHETAVENPEY LNTVQP TCVNETFDSPAH
WAQKGSHQISLONY D”F‘QD*’ FrRKEAK

PNGIFRGETARN




PCT/NL2018/050537

WO 2019/031965

3

it ot

N

R

!

Ad

)

.

™S

v
HIRS
e

DY

N

SN

LR AV

-

I
H

o

{

¢

N

NN
T

o

™

W

v v

1

5 -
b]
i

TiE

NrLa
RS \‘4

el
N AN

e
IAS=FaN

AR
Adsnd

Paee)

N
U

YR
X

e T
DA A
T

28

-
S A

YN TY
D
RAS A S
RS
Lads

N

37
TS
R

S

Y
L

“

b
aal

|8
Ly

b

oy

b
A

S
DA
RO

LA

=Y
N

N

SN
AT\

~T

Do

WAL

A

s s
SRR

N

e

i

YTy
NRARS
NDAaR

Y1
X

O

R AW

1

PR

N

4
h

=

COUMPTINE

ural o

2 nay

FHvariil

G

fhumpan B

PHNAS G

PYELAIER £

Hhular g

¢ of extrace

pain

kS

BEY

IR0 301

A

Y & ir-

06} caused b

3
ike]

52
ey

{

st

T8IT-TREL

RE

5

X

Oy
below ind

0

(66493 {1 H., Zha

i

SGFH variant VAR

25

34

=S

4

AN act

oy
©

i

. The

~
=4

cons 2

o of e3

1

delet

SAIne
i

fr

RS

ates the location lack

TR
NEAGT

4

X

T VYT T
SR
IV SR

D

o

X

3

5
{

TTY s
1
T

S

oy

<

i

&

N

O T

HES
DAl

v NI e T

SN

A

VR

LR

ST

Iy
I3

Sy

Y

1

NOTR
AINAEY

g
PRy

ST

RO L

S
Y
L

L

£}

L]l

o




PCT/NL2018/050537

40

WO 2019/031965

-
P
AT
e
bl oo
1 rz

X
RLAAN

=

-
CWGAGE

o

(e

.
oL

b
b
vy
=

AT

&Y e -4

4 Z .

[£2} Z [

451 . o ]
i %)

£

N

it

T
e

iy : e

') y i

= bt b

b 147} f

i 9] -t
v 5
. #4

o

I

i

SINY
SN

L

-
v

SDE
DD

en e
R
o)
-
+
X

Y

0

D

VO

o >
& [ESaR X -
& =L e O -
e 35 ty I
o T L2 e (D &
5 U b
P [Es ¥
% jCisT]
: [

b

Za

Z

7

s

4

fand

o

Fay

< Ly
ot

i

™

[ 8] (] 73]
o At}



%47

10

20

30

(]
(%2 ]

40

WO 2019/031965 PCT/NL2018/050537

41

wal peptide
ONVILBEHRIFLGATNYIYVLN
KONINMALVVDT LIS STOOE
INFEVGNTINESY
CITRYVHAFRESRNFIVFLTIVORETLDAQTFHTRIIRFUSINSGLES
THRREVENT LgnAAi\ LGV

’j CGASLNDDILEGY
FNNVRCLOREY
DLTIANLGTSEG

~r NP TN P T YOEOMAGOTT
STESYVOPVIT 3 PMAGGET
eyl

N L

VHGEVT ® CSOENT HSEAVLOTVEY
T EBCD of human cMET
transmembrane region
DIRLVSARSVEPTTEMVS

T T
NOAVGE

>

TOMESPILTSS

DLRNPI NP TVEDL Il'wFLL(')‘\;‘AKL:L" PIVEVAD
WVHNKTGAKLPVEUMALES LOTQRE TTRSDVHSFEVLLWELMTIRGAFPYFDVNTE

TR HENTS D T
LYREVM MRPSFSE

TS indracellulay vegion

Reference aniihodies

Anti-cMET Antibodies are koown in the art {Table 1) Monospecific hivalent eMET
antibodier were constructed accovding to published information and expressed in 283F
Freoestyle cell. Table 1 shows t‘ne related disclosed information. Monospecific hivalent
antibodies divected against eMET were constructed according to published information
and expreased in 293F Freestyle celle, For HGF higand blocking assays VH- and VI

encnding gene ssgraoents of patent-derived anti-cMET antibodies were re-cloned ina

rhage display vector for display on filamentous bacteriophage.
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Reference antibody cetuxrimab (Exbitux) was used as rafevence antibody for the
EGFE Fab panel.

2994 Fab protein was generated from purified PG2894 JgG by papain digestion.
Therefore POE994 was incubated with papain coupled on beads (Pierce #44885}), and
allowed to digest for 5.5 hour at 37°C under rotation. Fab fragments were puvified from
the digestion mixture by filtration over MabSelectSure LX, Flow through fractions
comtaining Fab protein, concentrated to 3 mi using vivaspin20 10 kDa and further
purified by gel filtration using a superdex7h 16/800 column in PBS,

Example 2
Generation of bivalend monocional anfibodies and aniibody characterizalion

VI genes of unigue antibodies, as hudged by VH gene sequence and some seguence
variants thereof, were cloned in the backbone Ig31 vector, Suspension adapted 285F
Freestvle cells were cultivated in T125 flasks at a shaker platean until a density of 3.0 x
108 cellafml. Cells were seeded at g density of $.3-0.5 x 108 viable cella/ml i each well of
a %24-deep well plate. The cells were transiently transfected with the individual stexile
TsNA; PE mixture and further cultivated. Seven days after transfection, supernatant
was harvested and filtrated throogh 0.22 uM (Sartorius) and purified on protein A beads
using batch purification followed by a buffer exchangs to FBS,

Inhabiiion of BGF medialed apopiosis

High (10nb) concentrations of BOF induce {apoptotic) cell death in A431 cells
Gl ef al, 1886)]. This effect can be dose-dependently reveried by the addition of
hgand-blocking anti-EGFR antibodiss, such as cetuximab.

To test the bivelent anti-EGFR IgG for their potency to inhibit EGF-induced cell
death of Ad31 cells, sntibodies ware tncubated in a sevial titvation -~ from 10pgimib
onwards - in the presence of 10 nM ECGF. Each assay plate contained & serial dilution of
negative {Ctrl Ab; PG2708) and positive control antibody {cetuximab) that aerved as
referance controls, On the third day, Alamar blue {Invitrogen, # DALI100) was addsad
{2041 per well) and the fuorescence was measured after § houre of incubation (st 37°C}
with Alamar blue using 560nm excitation and 5%0nm readout on g Biotek Synergy 2
Multi-mode microplate reader. Figure 2 shows the activity of the cLO EGFR antibodies
compared to that of cetuximalb and the control antibody. Antibodies PG4284, 3755 and
3752 were move potent in corparisen to cetuximab whereas antibodies PG4281 and
PGARTE showed less efficacy.

EGEF blocking ELISA

BGFR specific phages were tested for binding to recombinant EGFR in the absense
and presence of a molar excess of Hgand (BGF). Therefore Spg/ml of goat anti-huaman
IeG was coated overnight to MAXISORP™ ELISA plates at 47C. Wells of the FLISA
plates weve blocked with PBS (pH 7.2) containing 2% ELK for 1h at RT while shaking
{T00vpr. Next, 5 ug/mid recombinant human EGFR-Fo was allowed to meuhate for 1H
at RT. Meanwhile, Igl} was mixed in a serial titration with human biotinylated EGF for
1H at BT, After washing away uobound human EGFR-Fe, the antibody/EGE mixture
was added and allowed to bind for 1¥ at BT, Bound BGE was detected by HRP-
streptavidine for 1H at BT, As a contvol the procedure was performed stmulianeously
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with an antibody specific for the coated antigens (not shown) and a segative control
phage (Neg Ctrl Ab). Bound secondary antihody was visualized by TMB/H=00 staining
and siaining was guaniified by means of GDeonm measurement. Figure 11 depicts that
the P3370 antibody, which is less potent in the mbibition of EGF wmediated apopiosis,
shows similar BOF blocking activity in comparison cetuximah,

Cyvnomolgus EGER and mouse BGFR cross reactivily test

To test whether anti-EGFR IgGs were reactive with cynomolgus EGFR, the
comstructs encoding full-length huraan EGFE, as well as the expression consiyuct
encoding the BCD of cynomelyus fused to intracelludar humarn EGFR, were both
transfecied in (antigen negative) {HO celis and cells were then stained with the anti-
EGFE antibodies at Sug/ml and finally anslysed by FACS. As s positive control for the
staining, the chnically used andibody cetuximab was used, as this antibedy 18 known to
cross-react with cynomolgus BGFR. PG3370, PGRTE2Z, PG4280 and PG4281 weve shown
to be reactive with cynomeolgus BGFER, as the staining of cells expressing human EGFR
was virtually indistinguishable from that of cells expressing the chimeric receptor
Figure 12).

To test anti-BGFR [5G for their cross-reactivity with murine EGFR, an ELISA was
performed. A serial fitration of recombinant mouse BGFR ECD-Fo, starting at dugiml
and dihuted until 0.038 pg/mi was coated overnight to MAXISORP™ ELISA plates at
4°C. Binding of the anti-EGFR Ig( to this antigen was tested at a fixed conceniration of
Sugfml and sllowed to bind for 1H st BT, As a positive control for the immunc-reactivily
of the antibodies, the same ELISA setup was performad using the huwman EGFR ECD-Fo
fusion protein as antigen (B&D systeme). Nexi, Goat anti-mouse IgG HEP conjugate,
B Biosciences) and wae allowed o bind for 2 hours at RT. Bound Ig(s was detected by
means of 0D450nm messarement, Aniibody PG3370 was shown to recognize murine
BEGFR, as well as buman EGFR with similar affinity (Figure 13- Upper panel}.
Cetuximab doss not vecognize mouse EGFR (195084 Exbituz Pharmacology Review Part
2 - FDAY, PG3370 and cetuximab thus do not recognize the same epitope on huraan
EGFH.

Hovse cMET cross veaciivity fest

To test PG3342 for ibs cross-reactivity to murine oMET, an FLISA was performced,
A fixed concentration of mouse HGF Rie-MET Fo (R&T) systemas) HGF R/ie-MET Fo was
diluted to 2.5pgfml in PBS and coated overnight to MAXISORPTM ELISA plates at 4°C.
Binding of the anti-cMET Ig( to this antigen was tested in a semi-log titvation stariing
3t 10 ug/ml Antihadies were allowed to bind for 1H at RT. As a positive control {or the
irnmuno-reactivity of the antibodies, the same ELISA setup was performed using the
human HGF Ric-MET Fe fusion protein az antigen (R&D systems). Next, Goat anti-
mouse fgld HEP conpugate (BD Biosciences) was added and allowed to bind for £ hours
ai BT, Bound {5 was detected by means of OD450nm meassurement. BAFE2Y an
antigen affinity-purified Polyclonal Goat Ig(G directed against mouvse ¢MET coupled to
hictin was inchuded as a poaitive contral antibody. No cross veactivity {o murine ¢MET
was observed with the PG3342 antibody (Figure 13 lowey panel).
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Cross bleck assay cMET antibodies

¢MET specific phages were tested for competition with (MET reference antibodinzs
in ELISA. Therefore 2.5ug/mi of eMET-Fe fusion protein was coated overmght to
MAXISORPTM ELISA plates at 4°C. Wells of the ELISA plates were blocked with PBS
(pH 7.2) containing 2% ELK for 1 H at BT while shaking (T00rpm). Next refevence or
negative control IpQ was added at a concentration of § pg/mi and allowed to bind for 15
min at BT at700rpm. Next, 5ul of PEG precipitated phage was added and allowed o
bind for 1H at BT at 700rpm. Bound phages were detected with HRP labelled anti-M13
antibody for 1H at BT at 700rpm. As a control the procedure was performed
simultanecusly with an antibody specific for the coated antigens and a negative contyol
vhage. Bound secondary antibody was visuahized by TMB/H:O: staining and staining
was guantified by means of ODuew measurement. Table 2 demonstrates that MEP4040
and MF4358 show competition with the 5D5 reference antibody. MF4287 competes with
13.3.2 and C8H241 to a lesser extent. The posttive control phages all show complete
comgpatition with the corvesponding lg(, whereas the no antibody comirol, does not
influence the competition assay.

Ceneraion of bispecific antibodies

Bispecific antibadies were generated by transient co-transfection of two plasmids
encoding 1gG with diffevent VH domains, using a proprietary CHS enginesrving
technology to ensure efficient heterodimerisation and formation of bispecific antibodies.
The comomon light chain is also co-transfected in the same cell, sither on the same
plasmid or on another plaswoud. In our co-pending applications {e.g.
WO2018/157954 and WO2015/157853; incorporated herein hy referance} we have
disclosed methods and means for producing bispecific antibodies from a single cell,
whereby means are provided that favor the formation of Mepecific antibodies ovey the
formation of monospecific antibodies. These methods can also be favorably employed in
the present invention. Specifically, preforved motations to produce sssentially only
hispecific full length I2G reolecules ave amine acid substitutions at positions 351 and
366, e.g. L351K and Ta8€K (numbering according to BU numbering) in the firet CH3
domain (the Kl-variant' heavy chain) and amine acid substitutions at positions 351 and
368, e.g. L351D and 10 L368E in the sccond CH3 domain (the DE-variant' heavy chain),
ov vice versa. 1t was previously demonstrated in our co-pending applications that the
negatively charged DE-variant heavy chain and positively charged KK- varant heavy
chain preferentially pair to form heterodimers (so-calied DEEX hispeaific molecules).
Homoedimerization of DE-variant heavy chains (DE-DE bomodimers) or KE-variant
heavy chains (KK-KK homodimers) ave disfavorad due to strong vepulsion beiween the
charged residues in the CHE-UH3 interfsce betwesn identical heavy chaina.

MET and BEGFR Fab arms were cloned in the appropriate KK and DE vectors
{Table 3). After production, bispecific Ig(y were purified by protein-A batch purification
and the buffer was exchanged to PBS. Successful productions resulied in an IgGT full
length antibody, with a minimal concentration of 0.1 mgfml, which were assigned a
unique code (PBnnnun; where nnnnn vepresents a randomly generated number) to
identify the specific combination of 2 diffevent tavget binding Fab fragments.
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Sucressfully produced bispecific Igl were tasted for binding to their respective targels

in BELISA

Example 3
Sereening of ¢-MET x EGFR bispecific antibodies tn an EGF/HGE and HGF ond EGH
proliferalion assoay

The potency of a panel of MET x EGFH bispecific antibodies was tested in N87
cells using an HOF/EGE, HGF and EGY aseays. The NA&T cell ine, official name NCI-
MN87, is a gastric carcinoma cell line devived from a metastatic site and has high EGFR
expression levels and inteymediate oeMET expression levels (Zhang ot al, 20103,
Antibodies were tested in an 8 steps semi-log titration ranging from 10 jgiml to 3.16
ng/mil. Each antibody was tested i duplicate. The snti-BREV-G antibedy PG2708 was
used as negative control. The refevence antibody 2994 Fab was used as posibive control
for the HOF assay and the refevence antibody cetuximab was used as positive control for
the E4F asvay.

An equimelar 111 cetuzimab/5D5 Fab was used as positive control for the EGF,
HEF and EGFHGK assavs.

Wells with either one, or a combination of igand, as well as medium contrel wers
included to determine the assay window, Antibodies were diluted in chermically defined
starvation medivm (CDS: RPMI1640 medium, cordaining 801 penicillin and 80ug of
strepiomycin per mk 0.05% (w/v) BSA and 10sg/ml holo-transfervin} and 50p! of diluted
antibody was added to the wells of a §6 wells black weH clear bottom plate {Costar),
Ligand was added (80ul per well of 2 stock solution containing 400ng/ml HGF and
4ngfml of BGF, and a EGFHGE concentration of 4 ng/mi BGF/400 ng/mel HGF diluted in
C08: R&D systems, cat. ny, 396-HEB and 238-EG). N87 cells were trypsinised, harvestad
and counded and 8000 cells in 100p] of CDS were added to each well of the plate. To
avoid edge effects, plates were leff for an hour at BT before being put in a container
tnside a 37°C cell culture incubator for three days. Un the furth day, Alamar blue
(Invitrogen, # DALIIOD was added (20pl per well} and the fuorsscence was measured
after 8 hours of incubation {at 37°C) with Alamar blue using 560nm excitation and
580mm readoutd on a Biotek Synergy 2 Multi-mode microplate reader. Fluorescence
valuss were normahised to uninhibited growth {no antibody, but both Higands added). An
example of an HGF, BGF and BGF/FIGE proliferation assay is shown in Figure 14
{Figure 144, B and  respectively).

Table 4 lists the resuits of the various experiments. In the N87 BGEF/EGE assay,
fourteen different JMETXEGEE bispecifics with potency comparable to the reference
monosperific andibodies {equimolar mix of cetuxirmal and 5105 Fab) were identified:
PRTETH, PB7686, PBE8218, PBR244, PRE252Z, PB8316, PBAR4N, PBE364, PBR3ES,
PRE&511, PE8535, PRBEARSE, PREE6OY and PREG40.

In the N87 EGF assay, eleven different ¢MET2EGFR bispecifics with potency
comparable to monospecific cebuximab were identified: PRTETH, PBEZ44, PEB25Z,
PRAS40, PBR3G4, PR83SE, PBRALL, PR854aS, PBE5E83, PBRRGHT and PBA640. They all
contain the EGFR Fab arm MFA755. In the HGF N&7 assay nine bispecifics were
identified that showed a higher potency compared to the monospecific 585 Fab veference
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antibody: FB&218, PRR3RR, PB85s11, PBR532Z, FRE5H35, PBAG4S, PI85ESS, PBRG3Y and
PB8640, They contain six different cMET Fab srms MF4040, MF4287, MP4301,
ME4356, MF4491 and MP4506.

ADCC goivity

The ADCC activity of the 24 cMetxEGFR bisperifics was tested to the tunior cell
tines N87 (BGFR-high, cMET-low) and MEN-45 (EGFR-low, cMET-amplified). The
ADCC assay was pevformed using the Promega ADCC Bicassay kit in 384-well plate
format. Antibodies were fested in duplicate at 8 differvent concentrations in semi-log
sevial dilutions ranging froom 10 pghmito I ng/ml

The reference cetuximad antibody was inchuded as g positive control for the assay
and PO2708 way used as negative control antibody. Antihodies or assay medium control
{uo fg(}) were incubated for 6 hours of induction at 37°C with ADCC effector cells, and
target cella (NB7 or MEN-45). Luciferase activity was quantified using Bio-Glo
luciferase reagent.

An example of the ADCC assay is shown in Figure 15, None of the cMETxEGEFR
bispecifics showed a significant ADCC activity in both cell lines. The positive control
reference cetuximab antibody showed a dose-dependent ADCC activity to both cell bnes,

Five bispecifics composed of EGFR and eMet arms which did show high efficacy in
the N87 BOF/EGE assay and showed high sequence diversity (Table &) were selected for
further analysis. Twe from the five bispecifics contain MF4356, which competes with
5135 for binding to <MET {Table 2). Table 5 summarizes the characteristios of the

selected candidates.

Wound healing cell migration assay

Two NSCLC cell Hnes ware teated in the wound healing assay; EBC-1 and H358.
Thess cell lines were chosen aince they express high levels of EGFR and e-Mat (Zhang et
al, 2010; Fong et al., 2013). The assay was performed using the CytoSelectTM 24-wrell
piate wound healing assay (Cell Biolabs, UBA-120) scrording o the manufacturer's
instructions. Briefly, 2.5-4 » 10%cancer cells weve seeded in each well and incehated
overnight at 370 to form a monolayer. Well inseris were then removed to create a
wound fisld of 0. %-mm. After washing with PBS to remove dead cells and debris in the
wound area, cells were incubated for 15 minutes at 37°C with complete media {(0.5%
FBE) containing bispecifics (1000} or cetuximak:Fab2884 control antibody maxture
{300mM, 11 molar ratio). Bach well wag then supplementad with growth factors: HGF
{(16ngimb, BGF (125 ng/ml or 3 combination of both (15 and 12.5 ng/mb). Time-lapse
montioring of the wound cloaure was performed for 14 h at 37 °C with a confoeal
microscope (Zeiss LEMTE0). The extent (%) of wound closure is shown relative to
unireated controls.

H358 colls showed in an increase in migration {percerdage wound closure) upon
sxposure to either HGF or EGF alons, which was most effective by a combination of
HGE and BGF (Figure 3). This increassd migration was abrogated by the addition of the
majority of the bispecifics and was most pronounced with PB8532. This inhibition was
coraparable to the cetuzimab and BB Fabk combination except for the inhubition
migration in the presexnce of EGE/HGE.
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FRO-1 ealls showed a shght increase in migration by addition of HGE: and no
increase in migration in the presence of EGF or the combination of BGF/EGE. However
wound closure could be inhibited in all assay conditions by the bispecifics 1o particular
by PB8532. PRE532 was as effective or move effective (EGF/HGE) than the combimation
of cetuxiznah/BD5 Fab,

Anaivsis of EGFR ond cMET expression on PC-$ and HCUEET cells by flow cyfometry

Acguired resistance to exlotinib can result from sherrant activation of HGF
mediated o-MET activation. The NSCLC cell lines PU-9 and HCCR27 were selected to
investigate the ability of the (MET sEGFR bispecific antibodiss to inhibit igand
mediated proliferation in a tyrosine kinase inhibitor (TKY) resistant setting. Both cell
bines do not heobor BGFR mutations and arve vesisiant in the presence of HGF $o both
erlotinib and gefitinib or 8 combination of gefimtib and erlotinib (PC-9 ondy). In POC-8
cells, it has been veported that the HGF-induced erlotinib resistance can be abrogated
by g cMET inhibitor {(Nakade ot al., 2014) and the gefitinih resistance can he abrogated
by an snti-BGF antibody (Yane, 2008}, PC-9 aod HOCS27 were characterized for the
expression of cMET and EOFR by FACS analysis, using fluorescently labeled antibodies.
{lells were harvested with PBS ZmMM EDTA. Single-cell suspensions (1{e8 cells in 50 pl}
were incubated with fluorescently labelled antibodies on ice for 20min in staimng buffer
(PRS 2% FBS 200 EDTA) The following antibodies were used alone or in combination:
Met Alexa Flaor 488 conjugate (Clone D102, Cell Signaling, 1:50 dilution); BGE
Receptor Alewa Fluor 847 conjugate (Clone D38B1, Cell Signaling, 1:50 dilotion), After
incubation, cells were washed with siaining buffer and FACH analysis was performed on
a BE FACSVerse flow cytometer,

Al HEOO827 celle show EOFR expression and can be subdivided into a BGFRYe,
oMETeos population and a EGFRes, (METres population Figure 4). PFC-8 cells contain a
sraall population of EGFRYER and cMETes cells and a mintmal population of EGEFRpe
anid cMETree gellg,

PO-8 and FHOCRET proliferation assay

Initial experiments were performed to determine the conecentration of HGF
egtablishing erlotinib and gefitinib rvesistance in PC-§ and HOCBZ7T cells, Upon
avernizht starvation in media eontaining 0.5% FBS, cells were incubated with
increasing concentrations of HGF, vanging from § to 120 ng/mL supplementad with 300
oM erlotingb or gefitindh, in1{% FBS. After 72 hours of incubation, cell profiferation was
assessed using the WST-1 resgent according to the manufacture’s instructions. The
absorbance was measured with a microplate reader ab test and refervence wavelengths of
450 and 630 nm, respectively. In both PC-8 (Figure 164) and HOC287 (Figure 168) the
addition of HOF induced vesistance to TKIs in a dose-dependent manner.

PBS8532 and PB8338 wers teated for their efficacy in a TKI resistance setting. 4
510% pancer cells were seeded in 96-well plates in 100 uLl complete RPMI 1640 (10%
FRS). Upon overnight starvation in media containing 0,5% FBE, cells were pre-
incubated for 15 minutes at 37°C with Biclonics® (100nd) or cetuxtmab Fab28%4
control monospecific antibody mixture {100nlM, 1:1 nolar ratio}. Bach well was then
supplemented with complete media (10% FBS} containing gefivinil or exlotinik (300nM)
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with or wio HGF (30ng/mb, BGF (30ng/ml) or a combination of both (at 30 ng/mi}. After
72 hours of incubation, cell proliferation was assessed using the WET-1 method.

Figuve 5 shows that PB8532 can inhibit HGF mediated snd EGE ruediated
getitinib resistance in PC-8 cella, In HCOCA27 colls PBEGS2 intubited HGYF mediated TKI
resistance, and was more potens than the combination of administering dual
moncapecific cotuximab 585 Fab. Coroparable results were ohtained with the THI

erictinib.

Example 4 PBS332 inhibition of EGF and ¢cMET phosphorylation

Following overnight starvation in madia without FBS, cells were incubated for 15
minutes at 37°C with medis 0.5% FBE) contamming PBA5E32 (100nb) or
cetuximab: Fab2884 control moncepecific antibody mizture (100nM, 111 molar ratiod. The
cells were then stimulated with growth factors: HGF (G0ng/md) or EGF (60 ug/m) for 15
mirutes at 37°C. After stimulation, cells were washed with PES in presence of 1M
orthovanadate (Sigma-Aldrich). Profein extraction was performed using RIPA lysis
buffer (530 o Tris HCI pH 8, 150 mb NaCl, 1% Triton X-106, 0.5% zodium
deoxyoholate, 0.1% SDS) supplemented with Complete Protease Inhibitor Cockiail
{Roche), PhosSTOF phosphatase inbibitor (Roche) and orthovanadate (1o, Sigma-
Aldrich). Lysates were tncubated on ice for 30 punates before centrifuging 15 minutes at
47 ¢ vemove cellular debris. After centrifugation, the supernatant was coliected and
protein concenirations were determined using bicinchoninie acid (BCA) reagent (Pierce)
aceording to the roanufacturey’s instructions. Protein samnples were denaturated by
adding lnading buffer 8X (B-mercapivethancl 0.6 M: SDE 8% Tria-HCL 0,25 M pH 6.8;
glycerol 40%:; Bromophenol Blue ,2%) and incubating at 95°C for § minutes. After
electrophoresis, proteins were transferred onto a nitvocellulose membrane using the
Trans-Blot® Turbo™ Blotting System (Bio-Bad). The membranes were blocked for non-
specific binding in 5% norn-fatty drv mitk in Tric Buffered Saline-Tween 0.1 % (50 oM
Tris HC ph 7.8, 150 wmbd MaCl 0.1% Tween; THS.TY for 1h at room temperature (RT)
and incubated with primary antibody overnight (OK) at 4°C. The following priveary
antibodiss were used: Phospho-Met (Tyvr1234/1285, Ulone DE8, Cell Signaling) 1:5001n
TRE-T 5% BSA; Met (Clone D102, Cell Signaling) 1:1000 in TBS-T 5% BSA; Phogpho-
BGEF Receptor (Tyri068, Clone D7AS, Cell Signaling) 1:1000 in TBE-T 5% non-fatty dyy
moilk; BGF Receptor (Clone R38R, Cell Signaling) 1:1000 in TBS-T 5% BSA; Vineuhn
Monoclonal anti-Vinculin, V91381, SIGMA Aldrich) 1:4000 in TBS-T 5% non-fatty dvy
moilk. Affer incubation with the indicated primary antibodies, the membranes were
washed for 15 minutes in TBS-T and incubated with secondary antibody {3:5000 in TB5-
T 5% non-fatty dry milk) for 1 H at BT, The following secondary antibodies weve used:
road anti-rabbit IgG-HREP (80-2004, Santa Crue bictechnology): goat anti-mouse Iglx
HRP (sc-2005, Santa Cruz biotechnology). The signal was visualized with Enhanced
Chenuluminescent Reagents (ECL; Invitrogen) or SuperSignal West Fento
Chemiluninescent Substrate (Thermeo Scientific} with a digital imager (ImageQuant
LAS 4000, GE Health Care Life Science Technologies).
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Pgure § shows a Western blod analysis of the performed sxyperiment.

In PC-8 cella, PBASSZ and BDS/cetuximab were able to veduce HGF induced
phospherglation. In addition both antibodies shghtly reduced EGF phosphorylation in
the absence and presence of EGF.

In HOC827 cells PRA53% reduced phosphorylation of ¢MET in the presence and
abaence of HGF. No effect was obseyvad by the combination 6D8/cetuximab.
Furthermors, in this cell Ine PB8532 reduced EGF induced phosphorylation of EGFR in
contrast to the combivnation of 53035 with cetiwxamab.

Example 5

Figure 7 depicts vavious sequences for alternative varisble regions of the heavy
chain of an BGFR binding variable domain as disclosed hevein, Figure 8 depicts varios
seguences for alternative variable regions of the heavy chain of a SMET binding variable
domain aa disclosed herein, The heavy chain variable regions were used to create a
number of different cMET x BEGFR hispecific antibodies. The lght chain in these
antibodies has the sequence as depicted in figure 98, Bispecific antibodies were
produced as deseribed in example 1. The antdibodies were also produced as an ADCC
erhanced version. ADCC enhanced versions were produced by including tn the co-
transfection of the antibody constructs, 3 DNA encoding a reductase enzyme that
removes a fucnse residus from the Foregion of IpG1

Figure 17 depicts a titration of various produced bispecific antibodies on CHO-K1
EGFR cells described in example 2 {panel A) and on MEN-45 cells that endogenously
express o-MET (panel B). The cells were incubated at 2x10° cellsiwell with
increasing concentrations of antibody as indicated. After washing, binding was detected
with anti-huroan 1zG-PH (3 pgirel). Stained cells wers analyzed on an iQue system and
mean fhaorvescence intensity (MFD and avea under the curve (AUC) caleulated. Contyol
antibodies were MEF1337xMF1357 (PG1837p218; TTTT negative control; dark tnangles
at the bottom) and MF4356:ME3770 (PBBA32p04; - METXEGFR positive control; black
iriangles). TT stands for tetanus toxoid, A variable domain comprising the VH of
MF1357 (see figure 1) and a common light chain as described herein, binds to Tefanus
Toxoid and is thus not expected to bind to the CHO-K1 EGFR cells and MEN-45 cells.
The note (ADCC) indicates that the antibodies are produced with enhanced ADCC
function through co-tranafection with DNA encoding the BMI enzyme o remove g
fucose residue from the Feo vegion of Igf31. See table 6 for a hat of the bispecific
antibodies used and their PB coding.

ADCC reporier assay

An ADCC veporier assay was performed to determine whether co-transfection of RMD-
encoding DNA successfully enhanced ADCC effector function, All samples were tested i
duplo on BxPC3 eells (which express BEGFR) and MEN-45 cells (which express ¢ MET)
using both the high- affiraty and low-sffinity assay. The assay's high-affinity effector
cells express the Vevariant of the human FeyRlHa and the low-atfinity effector cells

express the Fovariant,

Briefly, the BxPC3 and MEN-45 target cells were harvested and plated at 1006
celgiwell in 30 pL and incubated overnight at 37°C, 5% £02, 95% relative bumidity. The
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next day, medinm was removed and 10 uL antibody dilution added to each well
{sutibody dilution L5x; B-step serial titration with semilog dilution steps resulting in
assay concentration of Ing/ml to 10 pg/ml). On the same day, effector cells were thawed
at 37°C, and 630 pL added to 2.6 ml assay huffer in 3 15-m] tube and mixed by
inversion; & pL of this solution (15,000 cells) was then added to the wells of the asaay
plate. The plate was incubated for 6 hours at 37°C, 5% (02, 95% relative buridity
before the addition of 15 pl Bio-Glo reagent to aseay wells. Luminescencs was measurad
using an EnVision plate reader.

A& list of sayoples tested is provided in Table 6 and the results of the assays are provided
irg Figure 18. The non-ADCC-enhanced anti-HERS x HGFR control andibody (batch
PR452Zp25; MF438xMFS178 described in WO2015/130172) was negative in ail four
assays {indicated by biack crosses and sclid lines (4% from above) in Figure 18}, In
contrast, the ADCC-enhanced version of this antibody (PR4522p34) was positive in all
four assays (indicated by solid orange civeles). Similarly, the non-ADCC-enhanced andi-
c-MET x EGFR control antibody (PBEREZp04) was negative in all four assays (Indicated
1y black crosses and dashed lines in Figure 18}, as was the PB853Ep05 batch was also
non-ADCC-enhanced (indicated by green asterisks), The three hBnes with asteriske are
all at the bottom of the four panels. However, the ADCC-enhancad p06 variant
(PE&532p08) was postiive in all assays (indicated by open ovanges civcles). Enhanced
ATICC effector function similar to that of PBSRE2p08 was also seen for the 5 bispeaifics
(PB19474 to PB18478). This meant that co-transfection of RMBD-encoding DNA
successfully enhanced ADBCC effector funciion.

Example 8

The heavy chain variable region (VH) of the eMET variable domain of PBBRIZ
comprises the amino acid of MF4358 as depicted for instance in figure 8. The VH of the
MET variable domain of PB18748 comprises the amino acid seqguence of MF8330 (see
figure 8). The VH of the EGFE variable domain of PR8LAZ coroprises the amine acid of
MEFH370 as depicted for instance in figure 7. The VH of the EGFR variable domain of
PB18748 comprises the amino scid sequence of MFB233 of figure 7. The hight chain in
PRE532 and PRIST48 is the same and is depicted in figure 98, The «MET antihbody
LY2875358 antibody is among other deseribed in Kim and Kim 2017, The capacity of the
cMETKEGEFR bispecific antibody FB8532 or PB18748 o inhibit twmor growth in vive
was tested alone snd in combination with the recepior tyvosine kinase inhibitor erlofinib
in g xenograft mouse model. In the chosen model, HCC82Y tumor cells are engrafted
inte immunodeficient NOD SCID gamma (NSG) human hepatoeyie growth factor knock-
in (hHGFD) mdee, that express human HGF (igand for cSMET) in place of endogenous
mouss HGF, The NSG-hHGFki mice are known in full as MODL Cg-Hygflel 166040
Pridescid ot Wi (ot #014553) (NOD. Ce-Hefim 1. 13GF i Aveo Pridescid D2rgtm IWU).
They have no T or B ealls, lack functional NK cells, and are deficient in cytokine
signaling, which sllows for better tumor engrafiment., HCO827Y e an established human
non-smaii-cell lung carcinoma (NSCLO) cell line that expresses EGFR and cMET and 1s
known to be resistant to avlotinib in the presence of HGF.
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To sstablish the effect of exrlotinib on tumor growsh in this model, 2 first
experiment was done with two groups of mice. Prior to tumor cell engraftment, the cell
cyele of HOO827 colls was bonsted by eulturing the cells overnight in medium
supplemented with 20% foial bovine serum (FBS) at confluency not exceeding 80%. The
next dav, NSG-EHGFk mice (The Jackson Laboratory) were inoculated subcutaneously
with 17x10e6 HOCAR27 tumor cells suspended in 300 pl PBE plus 30% matvigel
containing a high concentration of basement merbrane matriz. The resulting Lwmors
were measorad twice each week using calipers, When the mean tumor volume reached
approgimately 200 mumd, the mice were randomized into bwo groups {(4~7 mice per group
depending on tumeor growth and volume) and drug treatment was started.

A fine suspension of erlotinib was prepared freshly every week in 0.05%
hydroxypropyl methyleelludose (HPMO) and 0.2% Tween-80 in water by sonication.

From day 19, the evlotinib sobation was used to treat & mice once dazly (1) via
gavage at a dose of § mglke (8=}, and a group of 4 mice was given once daily gavage
with 200ul vehicle (0.05% HPMCOC and 0.1% Tween 80 in water). Tumor volume was
measured twice each week using calipers, and mean tumor voelurme (and SEM)
calculated for each group. When tumor sizes reached 1500 rem? mice were euthanized,
Treatment was stopped after day 48, and tumor volume in serviving mice was megsurad
up to day 62,

I 2 second experiment that fested the capacity of the PE85IS bispesific antibody
o intubit tumor growth in this model {(alone and in combination with erlotinib), NSG-
RHGFR: mice with tumors {generated as described above) were given one of six
treatments or combination treatments, whereby antibody was given weskly by
intrapernitoneal (Lp.) igection and erlotinitb or vehicle was given ooce a day Q) by
gavage. &g a negative control, nuce were alse treasted with PBIT160, a hispecific
antibody made up of the same anti-cMET Fab arm as in PBR532, in combination with a
Fak arm speaific for an irrelevant target. An rrelevant target 18 for instance a targed
that is not present in the mouse and tumor, Often a tetanus toxoid specific variable
domain 15 used. A switable tetanmus toxoid binding variable domain has the VH of
MEL337 (see figure 1) and 3 conunon light as disclosed herain, preferably a seguence of
figure 8. Bispecilic aniibodies with a targeting arm and a non-targeting (TF) arm are
amonyg others described in WO201T/069628, see MF 1337, which is incorporated by
reference hervein. Ancther irvelevant targel s RSV-G. A suitable BEY-( variable domain
has the VH of MF2708 of fizure 1 and a comanon lght chain, preferably one of figure 8,
preferably 8B,

(i day 21, when the mean tumor volume had resched approximately 200 numd,
the mice were randorized inbto six groups (5-7 mice per group depending on fwmor
growth and volume) and drug treatment was started: daily gavage with vehicle alone
{n=5}; weekly Lp. Ingections of 25 me/ke PB8532 antibody plus daily gavage with vehicle
{n=73; weekly 1.p. injections of 25 me'ky PRITIS0 antithody plus daily oval gavage with
vehicle (n=6); daily oral gavage with 6 mg/ke erlotindb (n=7); weakly Lp. injections of 25
mg'ke PB8532 antibody phas daily oral gavage with 6 mg/kg evlotimb (=7}, ov weekly
L. injections of 25 me/kg PRI7160 antibody plus daily oral gavage with 8 mg/ky
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erlotinih (=7). As before, tumor vohune was monitored and reean fumor volume {and
SEM) caleulated in sach group. A treatments weve stopped after day 60, and fwmor
volume in SUrviving mice was measured up to day 84,

In a third experiment the capacity of the PBI18478 hispecific antibody to mnbibit
tumor growth in this model (alone and in combination with erlotinib) was tested. NSG-
RHGFR mice with fumors {(generated as described above) were given one of six
treatments or combination treatments, whereby antibody was given weekly by
intraperitoneal (.p.) injection and erlotinib or vehicle was given once a day (314 by
Favage.

On day 23, when the mean bumoer vohume had reached approximately 200 mm?,
the mice were randomized into six groups (8- mice per group depending on tumor
growth and volume) and drug treatment was started: daily gavage with vehicle alone
(n=5); weekly i.p. injections of 25 me/ke PB1G478 antibody plus daily gavage with
vehicle (n=5); daily oral pavage with 8 mg/ke eriotinib (n=6); weekly 1.p. injections of 25
me'kg PRI9478 antibody plus daily oral gavage with 6 mg'ky erlotinib (n=4, one mouse
died during the expeviment); weekly Lyp. injections of 25 mg/kg LY2875358 antibody plus
daily gavage with vehicle {(n=5); weekly 1.p. injections of 25 mg/hg LYZ2875358 antibody
plua daily oral gavage with 8 mg/he exlotingb (n=3, two mice died during the
experiment). As before, bumor volume was monitored and mean fwmor volume (and
SEM) caleulated in each group. All treatments were stopped after day 93, and bumor
volurme in surviving mice was measured up to day 33,

In a fourth experiment the effect of a later adounistration of PB18478 was tested.
NSG-RHGFL mice with tumors {generated as described above) were given one of fwo
treatments, whereby antibody was given weekly by intyaperitoneal {(Lp.) injection and
eriotinib or vehicle was given once a day (G} by gavage.

Oun day 21, when the mean tumor volume had yeached approximately 208 mm¥
all 14 wmiece were started on g daily oral gavage treatment with 6 mg/kg erlotinib. On day
51 when the mean tumor volume had clearly passed the 500 mun® mark the mice were
andomized into two groups. One group of six were {reated with daily oral gavags with €
mgfky exlotingb and a group of 8 received weekly Lp. injections of 25 mg/kg PBIG4TR
antibody plus daily gavage with 8 mog/kz exlotinih. As befove, tumor voluine was
moritored and mean tumor vehime (and SEM) caleolated in each group. All treatments
wore stopped atter day 72.

The results of the first experiment demonstrate that exlobinib was able to induce
an aoti-tumor responss in NGS-WHGFE mice engrafted with HCC827 cells, but only for
as long as the mice weve receiving treatment (Figure 191 In the drug-free period that
commenced after about 4 weeks of treatment, tumor volums clearly increased in the
mice that had been treated with erlotinib.

The ardi-cMETxREGFR bispecific antibody PBR532 was also able to induce an
anti-tumor response in NGS-hHGFkI mice engrafied with HOC827 cells (Figure 20}
This effect was greater when the antibody was given in combination with daily doses of
erlotingh. Within 2.5 weeks all furnors disappeaved from the combination of PB8532 with
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erlotinib. The control antibody PB17160 iargeting cMet with one Fak arm inducad no
anti-tumor response, sither with or without exlotinub, Thus, the specifiec targeting of the
cMet Fab arm by combination with an BGFE targeting Fab arvm in bispecific antibody
PRAL3Z can overcome HGEF mediated erlotinib resistance.

In the drug-free period that commenced afier about 5% weeks of treatment, PER53Z was
clearly more effective than erlotinmib in reducing tumor vohimne (Figure 21) and no tumor
regrowth was cbserved in the PR8I + exlotinil combination group.

The anti-cMETSEGFR bispecific antihody PB18478 was alse able to mnduce an
anti-fumor response in NGS-hHGFK nuce engrafied with HCC827 cells (Figure 853,
This effect was greater when the antibody was given 1 combination with daily doses of
evlotinib. Within 2 weeks all turnors disappeared from the combination of PB1S478 with
or without erlotinib. With erlotinib the tumor did not resppeay in the test pariod.
Without evietinib the tumor reappeared shortly avound day 50 and stayed af the
detection level until it finally grew further at day 80 cowards, The humanized
monoclonal antibody emibetuzumab (LYB875358) was less effective, also when combined
with the EGFR inhibitor evlotindb. Thus, the apecifie targeting of the cMet Fab arm by
rombination with an BGFR targeting Fab arm in bispecific antibody PBAE3Z o
PBI9478 can overcome HGF mediated srlotinib resinfanse.

Figure 23 shows that when vou freab tumors at a time point where exlofinib
resistance starts to develop therve is an imrediate effect of the bispecific antibody
PRID478.

Taken together, the data from this xenograft model of HOCR2T tumor cells
engrafted into irmmunodeficient NSG-hHGYk mice show that PBA532, PRIR478 and
antibodies having the similar VH seguences given in figures 7 and 8 have the capacity to
gvercome RO Fanediated erlotinib vesistancs in vive. The combination treatment
continues o be effective afler stopping treatment.
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Nams INN name Epitope MOA
a1i5 MerhAb Sema Domain  HGF block
13.3.2
224G

HGF block,
C8-H241 LY-2875358 internalization
R13 13-MET

Table 1. Reference antibodies with reported specificities against oMET extraveildar domains.

Competition of phages with reference antibodies

MY tested| no 10 | 13.8.0 | BDS | Kis |224G11]C8H241] Hes

4040 1.815 1.818 (.066 1,808 1.807 1.979 1.787
4997 1789 1 0.072 1.459 1.232 1.955 1.031 1.885
4356 2.280 | 2541 0088 | 2231 | 2170 1806 | 1.825
13.3.2 2.172 | 0.311 1.5a4 1.988 5221 | 1.893 2.129
5035 1.968 773 b 0184 1880 § 2095 | 2084 | 2038
Ri3 1,683 | 1.580 1549 | 0.090 1.878 .078 1.794

Table 2. Competition of eMet reference antibodies with MET oL antihodies. Shown ave Q1458
values, 00450 values indicate the existence or lack of compatition with the stated antibody.
MIE4508 was not tested.
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PEs MFs N87 proliferation assays
e EGFR MET Hm’ HGY HGE
RO

PR7678 #MP4280 WMFA208 +
PR767Y TME3755 MFa487 o i+
PRI88S MF3755 MF4ROT Fr +
PR&G21 MFa755 T MFR462 + " N
PHRLIA MFs752 MF4040 ot
PR&244 RMFI7ES MF4044 o + ++
PREEZS2 - MF3755 MF4130 - St
PBEICT WMF4280 MF4130 i T i
PREsls MF3755 TTME 4293 P ¥ n
PR&3aY MF 3752 MF4294 + + n
PREZ4AD MFE3755 MF4294 o + bt
PREAG4 ME3755 MFP4288 o o
PR828s MF3755 MP4287 et At
PB8511 MF3755 MF4301 H -t
PB8532 MEF3370 MP4358 S+
PR8535 | MF3755 MF4358 ++ . ot
PRS545 | MF4281 MEP4356 . &
PB8582 MF3752 MF4491 .
PBS8583 MFS755 MF4491 | P Ty
PBREOT MPS7RE MF4505 s ' iy
PRRE3S MERTRZ ME4508 + F n
PRREA0 MF3755 TUME4508 PR o
PRRE]T MFETHZ MF4508 i Fa
PHEESER MEIT55 MFAR08 .

Table 4. Summzry of the antibedy titration experiments done using N87 HOF/ECE, HGF and

BOF proliferation assays with the 24 JMETREGFR bispecific antibodies. Bispecifics are indicated
23 PRYXYXY and the different Fab arms with MGXXFX. The activity of the bispecifics in the
individual assays is indicated as: - no effect; + inhikition of profiferation lower than positive
control: ++ = inhibition of profiferation comparable to positive contrel antibody 505 Fab; +4+ =
Inhibition of proliferation higher than positive control antibedy 805 Fab.
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“Hispeoiic | | BOFRamm | BGFRE | cMET Cross
antibody blocking | arm reference
sonpared antibody
fo estux blocking
{based an
1 TOH0
PB3535  MF3755 100% | MF4358 5D
PRRELD  MF3753 100% | MF45086 ND
PBR3SS MF3TES TUI00% | MP4297 13.3.2
PRe218 MFaTES 0% MFAnan EDE
PBEsaz MF3370 80% | MFd3se | 5D5

Table §, Composition of the ruost potent EGFBxcMET bispecific antibodies
and their competition with reference antibodies.

PCT/NL2018/050537

Bispecific antibody cMET arm BEGFR arm ADCC enbanced
Cetuximab - ik -
PHE532p0E ME4356 MFE8378 | No
PBI18474p01 MEF4358 MF8232 | Yes
PE13475p01 MP4388 MER233 Yes
PB18478p01 ME8238 MFg37e Yes
PRI47 700 MFs23¢0 MFE232 Yes
PRI1%9478p81 MEFBZ3G MEFs232 Yes
..... PRESAZp6 MFass  MFSIT Yes
PRAE532p04 ME4358 MF3379 i Ne
,,,,,,,,,,,,,,,, HER-3 arm EGFR arm
PR452%p34 BMEI1IT8 MEF4288 Yes
PH45Z2025 MF3Y78 M¥P4380 Neo
,,,,,,,,,,,,,, TT arm TT arm
PG1387p218 MF1337 MF1337 _Neo
Table §. Composition of bispecific antibodies, The pEX number indicates the number of the

production run and can be used to identify whether the antibody was produced in an ADCC

version or noi,
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Claims

1. A bispecific antibody that comprises a first variable domain that can bind an
extracellular part of human epidermal growth factor receptor (EGFR) and a second variable
domain that can bind an extracellular part of human MET Proto-Oncogene, Receptor
Tyrosine Kinase (cMET),

wherein the first variable domain comprises a heavy chain variable region with a
CDR1 sequence SYGIS; a CDR2 sequence WISAYX1XsNTNYAQKLQG and a CDR3
comprising the sequence XsXuXsXs HWWLX7A,

wherein

Xi=N; Xo=G; X3=D; X4 =8; X5=Y; X6 = W and X7 = G;

X1 N;Xe=A;X3=D;X4=8;X5=Y; X6 =W and X7 =G;

=8, Xo=G;X3=D;X4=S;X5=Y; X6 =W and X7 =G;

X1—N,X2—G,X3—D,X4—R,Xa—H,XG—WandX’/—D,

Xi=N;Xe=A; Xs=D; X4 =R; Xs =H; Xe =W and X7 = D;

X1=8:Xo=G;X5=D; X4 =R; X5 =H; X6=W and X7 =D;

Xi=N;Xe=G;Xs=G; Xu=Y; X5=L; X6 =D and X7 = G;

X1 N;Xo=A; X3=G; X4u=Y; X5 =1; X6 =D and X7 = G; or

=58 Xo=GXs=G;Xu=Y; X5=1; X¢ =D and X7 = G.

Wherem the second variable domain comprises a CDR1 sequence selected from
TYSLN, SYAMN, TYSMN, DYAMN, NYAMN, SFGMS, SYAMN, SYAVN, TYAIN, TYAMN
and SYSMN; a CDR2 sequence selected from WINTYTGNPTYAQGFTG,
WINTNTGNPTYAQGFTG, WINTNTGNPTYAQDFETG, WINTYTGNPTYVQGFTG,
WINTYTGDPTYVQGFTG, WINTYTGSPTYAQGFTG, WINTYTGDPTYAQGFTG,
WINTNTGTPTYAQGFTG, and a CDR3 sequence selected from ETYYYDSSGYPFDP,
ETYYYDRGGYPFDP, ETYYYDSSGFPFDP, ETYYYQSSGYLFDP, ESYYYDRNDYPFDP,
ETYYYDVGGYPFDP, ETYYYDSGGYPFDP, ETYFYDSSGYPFDP, ETYFYDRGGYPFDP,
ETYYYDSSAYPFDP, ETFYFDSGGYPFDP, ETYYYATSGYPFDP, ETSYYDRTGYPFDP,
ETYYYGSSGYPFAP, ETYYYESSGYPFDP, ETYYFDSGDYPFDP, and
ETYYFDSGGYPFDP, and

wherein the first and second variable domain comprise a light chain comprising a
CDR1 sequence QSISSY, a CDR2 sequence AAS, and a CDR3 sequence QQSYSTP.

2. The bispecific antibody of claim 1, wherein the second variable domain comprises a
heavy chain variable region with the amino acid sequence of one of the sequences of SEQ ID
NO: 1-23 with 0-10 amino acid insertions, deletions, substitutions, additions or a
combination thereof, outside the indicated CDR sequences.

3. The bispecific antibody of any one of claims 1-2, wherein the second variable domain
comprises a heavy chain variable region with the amino acid sequence of one of the
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sequences of SEQ ID NO: 1-23 with 0-5 amino acid insertions, deletions, substitutions,
additions or a combination thereof, outside the indicated CDR sequences.

4, The bispecific antibody of any one of claims 1-3, that is a human antibody.
5.  The bispecific antibody of any one of claims 1-4, that is a full-length antibody.

6.  The bispecific antibody of any one of claims 1-5, that is an IgG1 format antibody
having an anti-EGFR, anti-cMET stoichiometry of 1:1.

7. The bispecific antibody of any one of claims 1-6, that has one variable domain that can
bind EGFR and one variable domain that can bind cMET.

8. The bispecific antibody of any one of claims 1-7, wherein the variable domain that can
bind human EGFR can also bind cynomolgus and mouse EGFR.

9. The bispecific antibody of any one of claims 1-8, wherein the variable domain that can
bind human EGFR binds to domain III of human EGFR.

10. The bispecific antibody of any one of claims 1-9, wherein the variable domain that can
bind ¢cMET blocks the binding of antibody 5D5 to cMET.

11. The bispecific antibody of any one of claims 1-10, wherein the variable domain that
can bind cMET blocks the binding of HGF to c MET.

12. The bispecific antibody of any one of claims 1-11, wherein the amino acids at positions
405 and 409 in one CH3 domain are the same as the amino acids at the corresponding
positions in the other CH3 domain (EU-numbering).

13. The bispecific antibody of any one of claims 1-12 wherein:
X1:N;XzzG;XSZD;X4:R;X5:H;X6=WandX7:D;
Xi=N:Xo=A; Xs=D; Xy =R; Xs =H; Xg =W and X7 =D; or
X1=5;Xe=G; Xs=D; X4 =R; X5 =H; X6 =W and X7 =D.

14. The bispecific antibody of any one of claims 1-13, wherein:
Xi=N;Xe=G;X5=D;X4e=R; Xs =H; X6 =W and X7 =D; or
Xi=N;Xe=A; Xs=D; X4 =R; Xs =H; Xe =W and X7 =D.

15. The bispecific antibody of any one of claims 1-14, wherein the heavy chain variable
region of the second variable domain comprises the amino acid sequence of one of the
sequences of SEQ ID NO: 1-3; 7; 8; 10; 13; 15; 16; 17; 21; 22 or 23 with 0-10 amino acid
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insertions, deletions, substitutions, additions or a combination thereof, outside the indicated
CDR sequences.

16. The bispecific antibody of claim 15, wherein the heavy chain variable region of the
second variable domain comprises the amino acid sequence of one of the sequences of SEQ
ID NO: 1-3; 7; 8;10; 13; 15; 16; 17; 21; 22 or 23 with 0-5 amino acid insertions, deletions,
substitutions, additions or a combination thereof, outside the indicated CDR sequences.

17. The bispecific antibody of any one of claims 1-16, wherein the heavy chain variable
region of the second variable domain comprises the amino acid sequence of one of the
sequences of SEQ ID NO: 2; 7; 8; 10; 13 or 23 with 0-10 amino acid insertions, deletions,
substitutions, additions or a combination thereof, outside the indicated CDR sequences.

18. The bispecific antibody of claim 17, wherein the heavy chain variable region of the
second variable domain comprises the amino acid sequence of one of the sequences of SEQ
ID NO: 2; 7; 8; 10; 13 or 23 with 0-5 amino acid insertions, deletions, substitutions,
additions or a combination thereof, outside the indicated CDR sequences.

19. The bispecific antibody of any one of claims 1-18, wherein the first variable domain
comprises a heavy chain variable region with a CDR1 sequence SYGIS; a CDR2 sequence
WISAYNGNTNYAQKLQG and a CDR3 comprising the sequence DRHWHWWLDA and
wherein the second variable domain comprises a heavy chain variable region with a CDR1
sequence SYSMN; a CDR2 sequence WINTYTGDPTYAQGFTG and a CDR3 sequence
ETYYYDRGGYPFDP.

20. The bispecific antibody of any one of claims 1-19, wherein the first variable domain
comprises a heavy chain variable region with a CDR1 sequence SYGIS; a CDR2 sequence
WISAYNANTNYAQKLQG and a CDR3 comprising the sequence DRHWHWWLDA and
wherein the second variable domain comprises a heavy chain variable region with a CDR1
sequence TYSMN; a CDR2 sequence WINTYTGDPTYAQGFTG and a CDR3 comprising the
sequence ETYFYDRGGYPFDP.

21. The bispecific antibody of any one of claims 1-20, wherein the first and second variable
domain comprise a common light chain.

22. The bispecific antibody of claim 21, wherein the first and second variable domain
comprise a common light chain having the amino acid sequence:
DIQMTQSPSSLSASVGDRVTITCRASQSISSYLNWYQQKPGKAP
KLLIYAASSLQSGVPSRFSGSGSGTDFTLTISSLQPEDFATYYC
QQSYSTPPTFGQGTKVEIK.
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23. The antibody of any one of claims 1-22, which antibody inhibits HGF induced growth
of an HGF-growth responsive cell.

24. The antibody of any one of claims 1-23, which antibody inhibits EGF induced growth
of an EGF-growth responsive cell.

25. Use of the antibody of any one of claims 1-24 in the manufacture of a medicament for
the treatment of a disease involving aberrant cells.

26. Use of the bispecific antibody of any one of claims 1-25, in the manufacture of a
medicament for the treatment of a subject that has a tumor.

27. Use of claim 29, wherein the tumor is an EGFR positive tumor, a c MET positive tumor
or an EGFR and cMET positive tumor.

28. The use of claim 26 or 27, wherein the tumor is a breast cancer; colon cancer,
pancreatic cancer, gastric cancer, ovarian cancer, colorectal cancer, head-and neck cancer,
lung cancer including non-small cell lung cancer or bladder cancer.

29. The use of any one of claims 26-28, wherein the tumor is resistant to treatment with
an EGFR tyrosine kinase inhibitor.

30. The use of claim 29, wherein the EGFR tyrosine kinase inhibitor is erlotinib, gefitinib,
or afatinib, an analogue of erlotinib, gefitinib or afatinib or a combination of one or more of
the respective compounds and/or analogues thereof.

31. The use of claim 30, wherein the EGFR tyrosine kinase inhibitor is erlotinib.

32. The use of any one of claims 25-31, wherein the treatment further comprises treatment
with an EGFR tyrosine kinase inhibitor.

33. The use of claim 32, wherein the EGFR tyrosine kinase inhibitor is erlotinib.

34. The use of claim 32 or 33, wherein the bispecific antibody is administered
simultaneously, sequentially or separately with the said EGFR tyrosine kinase inhibitor.

35. Use of the bispecific antibody of any one of claims 1-24, in the manufacture of a
medicament for treating a disease involving aberrant cells, wherein the said bispecific
antibody 1s administered simultaneously, sequentially or separately with an EGFR tyrosine
kinase inhibitor.
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36. A method of treatment of a subject that has a tumor the method comprising
administering the bispecific antibody of any one of claims 1-24 to the individual in need
thereof.

37. The method of claim 36, wherein the individual has a disease involving aberrant cells.

38. The method of claim 36 or 37, wherein the tumor is an EGFR positive tumor, a c MET
positive tumor or an EGFR and ¢cMET positive tumor.

39. The method of any one of claims 36-38, wherein the tumor is a breast cancer; colon
cancer, pancreatic cancer, gastric cancer, ovarian cancer, colorectal cancer, head- and neck
cancer, lung cancer including non-small cell lung cancer or bladder cancer.

40. The method of any one of claims 36-39, wherein the tumor is resistant to treatment
with an EGFR tyrosine kinase inhibitor.

41. The method of claim 40, wherein the EGFR tyrosine kinase inhibitor is erlotinib,
gefitinib, or afatinib, an analogue of erlotinib, gefitinib or afatinib or a combination of one or
more of the respective compounds and/or analogues thereof.

42. The method of claim 40, wherein the EGFR tyrosine kinase inhibitor is erlotinib.

43. The method of any one of claims 36-42, wherein the treatment further comprises
administering an EGFR tyrosine kinase inhibitor to the individual in need thereof.

44. The method of claim 43, wherein the EGFR tyrosine kinase inhibitor is erlotinib.

45. The method of claim 43 or 44, wherein the said bispecific antibody is administered
simultaneously, sequentially or separately with said EGFR tyrosine kinase inhibitor.
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Figure 12
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Figure 21
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