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(57) Abstract: The invention relates to humanized recombinant antibodies
targeting the EGFR family receptors EGFR, HER2 and HER3, compositions
comprising at least one humanized anti-EGFR antibody, at least one human-
ized anti-HER2 antibody and at least one humanized anti-HER3 antibody,
and use of the antibody compositions for treatment of cancer. The invention
also relates to the use of antibodies targeting multiple EGFR-family recept-
ors to treat cancer (e.g., pancreatic cancer) and cancer that has acquired res-
istance to previous therapies.
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HUMANIZED PAN-HER ANTIBODY COMPOSITIONS

Cross References to Other Applications
This application claims priority from U.5. Provisional Application 61/641,756, filed May 2,
2012, and from U.S. Provisional Application 61/809,159, filed April 5, 2013. The disclosures of

those applications are incorporated by reference herein in their entirety.

Field of the Invention

The present invention relates to novel humanized recombinant antibodies targeting the
epidermal growth factor receptor (EGFR) family and compositions comprising two or more of

thase antibodies for use in cancer therapy.

Background of the Invention

The epidermal growth Tactor receptor family (EGFR or ErbB/HER family) is a subgroup of the
receptor tyrosine kinases (RTKs) and includes four members: EGFR/ErbB, HERZ/ErbB2,
HER3/ErbB3 and HER4/ErbB4. The members of the EGFR family are closely related single-
chain modular glycoproteins with an extracelular ligand binding region, a single
transmembrane domain and an intraceliular tyrosine kinase domain. In normal physiological
settings the ErbB family regulates key events in coordination of cell growth, differentiation and
migration. EGFR, HERZ and HER3 are believed to play crucial roles in the malignant
transformation of normal cells and in the continued growth of cancer cells. EGFR and HER2
have been found to be overexprassed by many epithelial cancers. Overexpression of EGFR and
HERZ2 has furthermore been linked to disease progression, reduced survival, poor response
and chemotherapy resistance in several human epithelial cancers. The role of HER4 in
malignant transformation and cancer progression is controversial and will not be discussed

further here.

EGFR and HERZ are validated cancer targets and both monocional antibodies and small
molecule inhibitors of their tyrosine kinase have been approved for the treatment of various
cancers. HER3S is currently being explored as a potential therapeutic target. However, patients
who initially respond to these therapies often relapse due o evolvement of acquired
resistance. Pre-clinical research points to the involvement of the one or both of the non-
targeted receptors in the development of resistance. Thus, it appears that the ErbB receptors
have the ability to replace one ancother in order to maintain growth stimulatory signaling and a
malignant phenotype. Simultaneous targeting of two or all three receptors could therefore be

a more efficient way of inhibiting cancer cells with ErbB family dependency.
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EGFR is a 170kDa cell surface glycoprotein consisting of a single polypeptide chain of 1186
amino acid residues as originally determined and described by cloning and sequencing of
human ¢DNAs from a human vulval carcinoma cell line, EGFR contains three major domains:
an extracellular domain, a transmembrane domain and an intraceliular domain containing the
tyrosine kinase. The catalytic activity of EGFR resides in the tyrosine kinase domain (residues

£85-953) and is activated upon ligand binding.

The EGFR exists in two different conformations, namely a tethered conformation {closed) and
an extended conformation {(open). The recepior shifts between the two conformations. In the
tethered conformation domains I and IV of the extraceliular region of EGFR interact, leaving
the receptor in an autoinhibited state. Furthermore, domain I is held at a significant distance
from domain I, whereby binding of EGF to both domains simultaneously is impossible. In the
axtended conformation of EGFR, domains [, Il and Il are sterically arranged in a C shape,
giving room for EGF binding. Furthermore, the conformational changes induce exposure of a B-
hairpin consisting of a 20 residue region in domain I, also known as the “dimerization arm”.
The dimerization arm extending from domain II of the EGFR makes extensive contacts with

the domain II of another EGFR, thereby forming an EGFR homodimer.

Dimerization brings the active cytoplasmic tyrosine kinase domains of the receptors close
angugh for phosphoryiation of the tyrosine residues in the regulatory regions of the receptors.
Furthermore, the juxtamembrane regions of the two receptors form an antiparailel dimer
which has been found to be important in stabilizing the tyrosine kinase dimer. The "receptor-
mediated” dimerization mechanism is unigue for the ErbB family comparad to other tyrosine

kinase receptors where “ligand-mediated” dimerization is the more common theme .

A number of modes of activation of the intracellular tyrosine kinase domain of EGFR have been
suggested, Unlike gther receptor tyrosine kinases, the EGFR tyrosine kinase domain by default
adopts a conformation normally observed only in phosphoryiated and activated kinases. This
indicates that the kinase domain of EGFR is constitutively active. Regulation of a constitutive
tyrosine kinase would thus occur through the delivery of a dimerization partner’'s C-terminal
regulator region for trans-phosphorylation. Ancther possibility is that activation of the tyrosine
kinase domain involves displacement of inhibitory interactions that have not been visualized in
crystaliographic studies. However, crystal structure analyses of the juxtamembrane and
tyrosine kinase of EGFR have revealed that an asymmetric dimer of tyrosing kinases formed
upon dimerization of two EGFRs Is important for requiation of the tyrosine kinase activity. In
this asymmetric homodimer one of the tyrosine kinases plays the receiver while the cther
tyrosine kinase plays the donor. Only the receiver kKinase domain has catalytic activity and
procesads to phosphoryiate tyrosine residues in the C-terminal tall of the receptor {whether in

cis or trans, or both is unknown).

it
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The dathrin-mediated endocytosis is the most important mechanism of down-reguiation of
EGFR. The destiny of EGFR depends on the stability of the ligand-receptor complex. Upon EGF
binding to EGFR the EGFR homodimer is rapidly targeted to clathrin-coated pits and
internalized through ligand-induced endocytosis. Simultaneously, EGFR is heavily ubiquitinated
by the attachment of both monoubiguitin and polyubiquitin, The ubiquitin Hgase Chi is
responsible for the ubiquitination of EGFR. Cbi binds either directly or indirectly through an
adaptor protein such as Grb2 to phosphoryiated tyrosine residues at the regulatory region of
EGFR. The binding of Cbl to EGFR via Grb2 is necessary for receptor internalization. Espl5 also
plays a reole in EGFR internalization. The exact role of Espl5 is however still controversial. The
ubiguitination is involved in endocytotic downregulation of EGFR and endosomal sorting of
EGFR to lysosomes. The ubiquitin chains are recognized by the endosomal sorting complex
required for transport (ESCRT) and the Hrs/STAM, which retains ubiguinated proteins in the
membrane of early endosomes, thereby hindering recycling of EGFR. Subsequently, EGFR is
sorted into intra luminal vesicdes (ILVs), which leads to delivery of EGFR to the late endosome

and finally degradation in the lysosomeas.

In contrast to the degradation of EGFR when bound to EGF, TGF-a binding allows receptor
recycling. The TGF-a ligand dissociates rapidly from EGFR in the early endosome due to the
acidic environment, leading to receptor dephosphorylation, de-ubiquitination and theraby

recycling of the receptor back to the cell surface.

Human epidermal growth factor receptor 2 (HERZ2, ErbB2 or Neu) was first described in 1984
by Schechter et al. HERZ consists of 1234 armnino acids and is structurally similar to EGFR with
an extraceliular domain consisting of four subdomains [-1V, a transmembrane domain, a
iuxtamembrane domain, an intraceliular cytoplasmic tyrosine kinase and a regulatory C-

terminal domain.

The domain II-1V contact that restricts the domain arrangement in the tethered EGFR is
absent in HER2. Three of the seven conserved residues important for stabilizing the tether in
the unactivated EGFR are different in HERZ. HERZ thus resembles EGFR in its extended (open)
form with the dimerization arm exposed and apparently poised to drive receptor-receptor
interactions. The absence of a tethered HERZ conformation indicates that the receptor lacks
autcinhibition as seen for the other members of the ErbB family. A stable interface of
subdomain [-11I seems to keep HERZ in the extended configuration similar to the extended
configuration of the EGFR-EGF complex. The interaction between domains [ and III involves
regions corresponding to ligand-binding sites in domains T and i1 of EGFR, leaving no space
sterically for ligands, rendering HERZ incapable of binding ligands. Diomains 1T and IV form two
distinct interfaces that stabilize the heterodimer formation of HER2 and another member of
the ErbB family.
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Biophysical studies have failed to detect significant HERZ homodimerization in solution or in
crystals. The residues of domain II of EGFR and HERZ are similar. However, Arg285 at the
dimer interface is not conserved between EGFR and HERZ. In HERZ residue 285 is Leu.
Mutation studies indicate that Leu at this position is partly responsible for the absence of HERZ
homaodimers in solution. Dimerization of intact HER2 /n vive may reqguire additional interactions

of sites in the transmembrane domain of HERZ.

HERZ is the only member of the ErbB family that does not bind known ligands. HER2 is instead
activated via formation of heteromeric complexas with other ErbB family members and
thereby indirectly regulated by EFGR and HER3 ligands. HERZ is the preferred
heterodimerization partner of the three other ErbB receptors. HERZ enhances the affinity of
the other ErbB receptors for their ligands by slowing down the rate of Hgand-receptor complex
dissociation, whereby HER2 enhances and prolongs signaling. The ability of HER2 to enhance
the ligand affinity of other ErbB recaptors may reflect the promiscuous behavior of HERZ as a
heterpdimerization partner. Heterodimerization of HERZ and another ligand-bound recaptor of
the ErbB family induces cross-phosphorylation, leading to phosphorylation of the C-terminal
tyrosine residues. The most active HER2 hetergdimer is the HERZ-HER3 complex. HER2

complements the kinase-deficient HER3 by providing an active kinase.

In contrast to EGFR, HER2 is internalization resistant when overexpressad. Overexpression of
HERZ has further been reported to inhibit endocytosis of the other ErbB family mermnbers. Two
mechanisms by which HER2 escapes lysosomal degradation and thereby remains at the
plasma membrane have been suggested. Either HERZ avoids internalization or it becomes
gfficiently recycled from endosornes back to the plasma membrane. Studies using labeled
antibodies have shown that HER2 is constantly internalized and recycled. Other studies in
contrast failed to identify intraceliular HERZ in cells treated with compounds known to inhibit

recycling.

it has been proposed that the carboxyl terminus of HERZ does not possess all signals required
for internalization or that it contains an inhibitory signal essential for clathrin-mediated
endocytosis. Additionally, studies have shown that HER2 heterodimers are not delivered to
endosomes. A Chi docking site like the one found on EGFR has also been identified on HERZ
{(Y1112). Cbl can thereby be recruited to HERZ, leading to ubiguitination of HER2, but the
actual binding efficiency of Cbi is unclear. It has been proposed that HER2 is internalization
resistant due to its association with membrane protrusions. Finally, other studies have shown
that the endocytosis resistance of HER2-EGFR heterodimers is associated with inefficient EGF-

induced formation of clathrin-coated pits.

The third member of the ErbB family, known as human epidermal growth factor receptor 3

(HER3, ErbB3) was identified in 1989 by Kraus M. H. et al. The HER3 gene encodes a protein
4
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of 1342 amino acids with striking structural similarities to EGFR and HER2. Features such as
overall size, four extracelivlar subdomains (I-1V) with two cysteine clusters (domains 1T and
V), and a tyrosine kinase domain show structural similarities to EGFR and HERZ. The tyrosine
kinase domain of HER3 shows 59% sequence homology to the tyrosine kinase domain of
EGFR.

Just like EGFR, HER3 exists in a tethered conformation and an extended conformation. In the
tethered conformation the dimerization arm is buried by interactions with domain IV, leaving
domains 1 and I too far apart for efficient ligand binding. Ligand binding to the extraceiiular
domains 1 and I occurs in the extended conformation of HER3 and leads to
heterodimerization with other members of the ErbB family. No HER3 homodimers are formed
upon ligand binding. The extended and ligand-bound HER3 molecule preferentiaily

heterodimerizes with HERZ.

In contrast to EGFR and HER2, the tyrosine kinase of HER3 has impaired catalytic activity,
insufficient for any detectable biglogical response. Two amino acid residues which are highly
conserved in the catalytic domains of protein kinases are altered in the catalytic domain of
HER3. These are the substitution of aspargine for aspartic acid at residue 815 and substitution
of histading for glutamate at residue 740, The two aminoe acid substitutions may be the reason
why HER3 lacks catalytic activity of its tyrosine kinase domain. Because of the impaired
intrinsic kinase activity of HER3 the receptor needs to heterodimerize with ancther ErbB family

member in order to respond to its own ligand binding.

Little is known about endocytosis of HER3. Moregver, different studies have suggested that
HER3 is endocytosis impaired to the same extent as HER2. In agreement with this, the HER3-
NRG1 complex was found to be internalized less efficiently and slower than the EGFR-EGF
complex, supporting the view that HER3 is not endocytosed as efficiently as EGFR. However,
when the C-terminal tail of EGFR was replaced with the C-terminal tall of HER3, EGFR hecame
endocylosis impaired, suggesting that a region in the C-terminus of HER3 protects the
receptor against internalization. It has also been suggested that NRG1 does not efficiently
target HER3 to degradation due to the dissociation of the ligand-receptor complexeas in

endosomes, as it is observed when EGF is activated by TGFa.

Targeting the ErbB family has been intensely pursued in the last decade as a cancer treatment
strategy. Different treatment modalities have been explored, such as tyrosine kinase inhibitors
{TKIs}, monoclonal antibodies {mAbs) and ligand-traps. An advantage of monocional
antibodies for treatment of cancer is target specificity, ensuring a low toxicity compared to
conventional cytotoxic cancer chemotherapy. Monocional antibodies have been approved for
the treatment of solid tumors with abnormally high levels of EGFR or HER2, and numerous

mAbs targeting EGFR or HER2 are in dlinical trials. TKis inhibit receptor signaling by binding to

5
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the ATP-binding site in the tyrosine kinase domain of EGFR and HER2. Erlotinib/Tarceva®
inhibits tyrosine kinases of EGFR while lapatinib/Tykerb® inhibits tyrosine kinases of both
EGFR and HER2. Both erlotinib and laptinib are FDA approved TKIs for use in the treatment
of non-small lung cancer (NSCLC) and HER?2 overexpressing metastatic breast cancer,

respectively.

However, despite the clinical usefulness of monoclonal antibody therapy and TKIs,
development of acquired resistance to the treatment is an increasing issue. Combination
therapy of mAbs and conventional cytotoxic chemotherapy is one of the approaches being
carried out in order to increase treatment efficacy. Furthermore, several strategies are being
explored to increase the efficacy of monoclonal antibodies, including enhancement of
effector functions, and direct and indirect arming of the antibodies with radionuclides or

toxins.

Thus, a need exists for additional drugs to treat EGFR family-related diseases in patients,
including patients who have developed resistance to existing treatments. These additional
drugs also should have a low risk of provoking an undesirable immune response when used

to treat human patients.

Summary of the invention

We have discovered that simultaneous targeting of two or more members of the EGFR-
family (e.g., EGFR, HER2, and HER3) with humanized antibodies leads to effective
inhibition of cancer growth. We have also discovered that compositions targeting multiple
EGFR-family members can be used to treat cancer, such as pancreatic, bone, colon,
endometrial, or urinary tract cancer, including cancer that has acquired resistance to drug

therapies targeting only one EGFR-family member.

Accordingly, the present invention is directed to humanized antibodies directed against
EGFR, HER2 and HER3, as well as compositions comprising two or more humanized
antibodies directed against two or more of these targets. The invention is further directed to

the use of the antibodies and compositions for human cancer therapy.

(14171092_1):GGG



19 Jan 2018

2013255537

6a

According to a first aspect, the present invention provides a recombinant antibody
composition comprising at least one humanized anti-EGFR antibody or an antigen-binding
fragment thereof, at least one humanized anti-HER?2 antibody or an antigen-binding fragment
thereof, and at least one humanized anti-HER3 antibody or an antigen-binding fragment
thereof, wherein the at least one humanized anti-HER3 antibody or antigen-binding fragment
comprises the heavy chain CDR1, CDR2, and CDR3 sequences and light chain CDR1,
CDR2, and CDR3 sequences in:

SEQ ID NOs: 54 and 55, respectively;

SEQ ID NOs: 56 and 57, respectively;

SEQ ID NOs: 58 and 59, respectively; or

SEQ ID NOs: 60 and 61, respectively.

According to a second aspect, the present invention provides an antibody composition
comprising:
(a) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:42 and the light chain variable region sequence of SEQ ID NO:43;
(b) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:46 and the light chain variable region sequence of SEQ ID NO:47;
(c) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:50 and the light chain variable region sequence of SEQ ID NO:51;
(d) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:52 and the light chain variable region sequence of SEQ ID NO:53;
(e) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:54 and the light chain variable region sequence of SEQ ID NO:55; and
(f) an antibody comprising the heavy chain variable region sequence of SEQ ID

NO:60 and the light chain variable region sequence of SEQ ID NO:61.

According to a third aspect, the present invention provides a pharmaceutical composition
comprising a humanized recombinant antibody composition according to the first or second

aspects and at least one pharmaceutically acceptable diluent, carrier or excipient.

(14171092_1):GGG



19 Jan 2018

2013255537

6b

According to a fourth aspect, the present invention provides a method for producing a
recombinant antibody composition comprising at least one humanized recombinant anti-
EGFR antibody, at least one humanized recombinant anti-HER?2 antibody and at least one
humanized recombinant anti-HER3 antibody, the method comprising;:
providing at least first, second and third host cells, wherein the first host cell is
capable of expressing a recombinant anti-EGFR antibody as described in the first
aspect, the second host cell is capable of expressing a recombinant anti-HER2
antibody as described in the first aspect and the third host cell is capable of expressing
a recombinant anti-HER3 antibody as described in the first aspect,
cultivating the first, second and third host cells under conditions suitable for
expression of the anti-EGFR antibody, the anti-HER2 antibody and the anti-HER3
antibody, and

isolating the resulting antibodies.

According to a fifth aspect, the present invention provides a method for treating cancer in a
patient, the method comprising administering to said patient a recombinant antibody
composition as described in the first or second aspect, or a pharmaceutical composition

according to the third aspect.

According to a sixth aspect, the present invention provides a method for treating a patient
with a disorder characterized by expression or overexpression of EGFR, HER2 and/or HER3,
the method comprising administering to said patient a recombinant antibody composition
according to the first or second aspect or a pharmaceutical composition according to the third

aspect.

According to a seventh aspect, the present invention provides a method for treating cancer in
a patient having acquired resistance to treatment with an antibody and/or a tyrosine kinase
inhibitor, the method comprising administering to said patient an effective amount of a
recombinant antibody composition according to the first or second aspect or a pharmaceutical

composition according to the third aspect.

(14171092_1):GGG
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According to an eighth aspect, the present invention provides a method for inhibiting cancer
growth in a patient, the method comprising administering to said patient a recombinant
antibody composition according to the first or second aspect or a pharmaceutical composition

according to the third aspect.

According to a ninth aspect, the present invention provides as method for reducing EGFR,
HER2, or HER3 expression, or preventing EGFR, HER2, or HER3 up-regulation, in a cancer
patient, comprising administering to the patient a recombinant antibody composition
according to the first or second aspect or a pharmaceutical composition according to the third

aspect.

According to a tenth aspect, the present invention provides use of at least one humanized
anti-EGFR antibody or an antigen-binding fragment thereof, at least one humanized anti-
HER?2 antibody or an antigen-binding fragment thereof, and at least one humanized anti-
HER3 antibody or an antigen-binding fragment thereof, wherein the at least one humanized
anti-HER3 antibody or antigen-binding fragment comprises the heavy chain CDR1, CDR2,
and CDR3 sequences and light chain CDR1, CDR2, and CDR3 sequences in:

SEQ ID NOs: 54 and 55, respectively;

SEQ ID NOs: 56 and 57, respectively;

SEQ ID NOs: 58 and 59, respectively; or

SEQ ID NOs: 60 and 61, respectively, in the manufacture of a medicament for the

treatment of cancer, or a disorder characterized by expression or over expression of

EGFR, HER2 and HER3.

One aspect of the invention relates to a recombinant antibody composition comprising at least
one humanized anti-EGFR antibody or an antigen-binding fragment thereof, at least one
humanized anti-HER2 antibody or an antigen-binding fragment thereof, and at least one

humanized anti-HER3 antibody or an antigen-binding fragment thereof.

(14171092_1):GGG
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A humanized anti-EGFR antibody of the invention may be selected from an antibody
comprising the heavy chain variable region sequence of SEQ ID NO: 1 and the light chain
variable region sequence of SEQ ID NO: 3 or SEQ ID NO: 2, and an antibody comprising the

(14171092_1):GGG
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heavy chain variable region sequence of SEQ ID NO:4 and the light chain variable region
sequence of SEQ ID NO:5. In one embodiment, the anti-EGFR antibody may comprise a
heavy chain variable region sequence (SEQ ID NO:1) comprising Arg44 and Val83, and a light
chain variable region sequence (SEQ ID NO:2) comprising Alal9 and Phe92; a heavy chain
variable region sequence (SEQ ID NO:1) comprising Arg44, Val83 and Ile104, and a light chain
variable region sequence (SEQ ID NO:3) comprising Tyr41, Leu51 and Phe92; or a heavy
chain variable region sequence (SEQ ID NO:1) comprising Arg44, Val83 and Ile104, and a light
chain variable region sequence (SEQ ID NO:3) comprising Leu34, Tyr41, Leu51 and Phe92. In
another embodiment, the anti-EGFR antibody may comprise a heavy chain variable region
sequence (SEQ ID NO:4) comprising Leu20, Ile48 and Ala68, and a light chain variable region
sequence (SEQ ID NO:5) comprising Val75 and Phe87; or a heavy chain variable region
sequence (SEQ ID NO:4) comprising Leu20, Ile48, Leu56, and Ala68, and a light chain variable
region sequence (SEQ ID NO:5) comprising Val75 and Phe87.

In some embodiments, the invention encompasses a humanized anti-EGFR antibody whose heavy
and light chain amino acid sequences comprise: SEQ ID NOs:42 and 43, respectively, SEQ ID
NOs:38 and 39, respectively, SEQ ID NOs:40 and 41, respectively, SEQ ID NOs:44 and 45,
respectively, or SEQ ID NOs:46 and 47, respectively, or an antigen-binding fragment thereof.

A humanized anti-HER2 antibody of the invention may be selected from an antibody
comprising the heavy chain variable region sequence of SEQ ID NO:6 and the light chain
variable region sequence of SEQ ID NO:7, and an antibody comprising the heavy chain
variable region sequence of SEQ ID NO:8 and the light chain variable region sequence of SEQ
ID NO:9. In one embodiment, the anti-HER2 antibody may comprise a heavy chain variable
region sequence (SEQ ID NO:6) comprising Ser55, Leu70, Val72, Lys74 and Ala79, and a light
chain variable region sequence (SEQ ID NO:7) comprising Val44, Met48 and Tyr70; or a heavy
chain variable region sequence (SEQ ID NO:6) comprising Ser55 and Val72, and a light chain
variable region sequence (SEQ ID NO:7) comprising Met48 and Tyr70. In another
embodiment, the anti-HER2 antibody may comprise a heavy chain variable region sequence
(SEQ ID NO:8) comprising Ala49, Ile74 and Ser?77, and a light chain variable region sequence
(SEQ ID NO:9) comprising Thr56, Tyr71, Ser85 and Leu104.

In some embodiments, the invention encompasses a humanized anti-HER2 antibody whose heavy
and light chain amino acid sequences comprise: SEQ ID NOs:50 and 51, respectively, SEQ ID
NOs:48 and 49, respectively, or SEQ ID NOs:52 and 53, respectively, or an antigen-binding

fragment thereof.

A humanized anti-HER3 antibody of the invention may be selected from an antibody
comprising the heavy chain variable region sequence of SEQ ID NO:10 and the light chain
variable region sequence of SEQ ID NO:11, and an antibody comprising the heavy chain

7
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variable region sequence of SEQ ID NO:12 and the light chain variable region sequence of SEQ
ID NO:13. In one embodiment, the anti-HER3 antibody may comprise a heavy chain variable
region sequence (SEQ ID NO:10) comprising Met49, Ser55 and Ile68, or Asn44, Ser55 and
Thr93, and a light chain variable region sequence (SEQ ID NO:11) comprising Phe36, Val44,
Phe49 and Ile85, or Phe36, Phe49 and Leu73. In another embodiment, the anti-HER3
antibody may comprise a heavy chain variable region sequence (SEQ ID NO:12) comprising
Val46, Met49, Ser55 and Arg72, and a light chain variable region sequence (SEQ ID NO:13)
comprising Val21, Val44 and Phe87, and optionally Thr29; or a heavy chain variable region
sequence (SEQ ID NO:12) comprising Phe41, Val46, Met49, Ser55 and Arg72, and a light
chain variable region sequence (SEQ ID NO:13) comprising Val21, Val44, Tyr71, Phe87 and
Leul04.

In some embodiments, the invention encompasses a humanized anti-HER3 antibody whose heavy
and light chain amino acid sequences comprise: SEQ ID NOs:54 and 55, respectively, SEQ ID
NOs:56 and 57, respectively, SEQ ID NOs:58 and 59, respectively, or SEQ ID NOs:60 and 61,

respectively, or an antigen-binding fragment thereof.

The invention also encompasses antibody compositions comprising two, three, four, five or six
of the antibodies described above. In some embodiments, the antibody composition may
comprise (i) 11294 and/or 11302; (ii) 11249 and/or 11145; and (iii) 10738 and/or 11052. In

one embodiment, the composition comprises all six antibodies.

The antibody composition may comprise (a) anti-EGFR antibody 10292, 10460, or 11294; (b)
anti-EGFR antibody 10560 or 11302; (c) anti-HER2 antibody 10704 or 11249; (d) anti-HER2
antibody 11145; (e) anti-HER3 antibody 10738 or 10810; and (f) anti-HER3 antibody 11006
or 11052. In a preferred embodiment, the antibody composition comprises anti-EGFR
antibodies 11294 and 11302, anti-HER2 antibodies 11249 and 11145, and anti-HER3
antibodies 10738 and 11052. Antibody 10292, 10460, 11294, 10560, 11302, 10704, 11249,
11145, 10738, 10810, 11006, or 11052 may comprise at least one additional substitution in

any of the heavy chain and/or light chain amino acid residues indicated as “Xaa” in Table 4.

In one embodiment, the antibody composition may comprise (a) an antibody comprising the
heavy chain variable region sequence of SEQ ID NQ:42 and the light chain variable region
sequence of SEQ ID NO:43; (b) an antibody comprising the heavy chain variable region
sequence of SEQ ID NO:46 and the light chain variable region sequence of SEQ ID NO:47; (c)
an antibody comprising the heavy chain variable region sequence of SEQ ID NO:50 and the
light chain variable region sequence of SEQ ID NO:51; (d) an antibody comprising the heavy
chain variable region sequence of SEQ ID NO:52 and the light chain variable region sequence
of SEQ ID NO:53; (e) an antibody comprising the heavy chain variable region sequence of
SEQ ID NO:54 and the light chain variable region sequence of SEQ ID NO:55; and (f) an

8
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antibody comprising the heavy chain variable region sequence of SEQ ID NO:60 and the light
chain variable region sequence of SEQ ID NO:61.

Further aspects of the invention relate to a method for producing antibodies and antibody
compositions of the invention; a pharmaceutical composition comprising an antibody or an
antibody composition of the invention and a pharmaceutically acceptable diluent, carrier, or
excipient; a method for treating cancer in a human or other mammal comprising administering
to a subject in need thereof a therapeutically effective amount of a recombinant antibody
composition or pharmaceutical composition of the invention; use of a recombinant antibody
composition or a pharmaceutical composition of the invention for preparing a medicament for
the treatment of cancer; and a recombinant antibody composition or pharmaceutical of the
invention for use as a medicament for treatment of cancer. For human treatment, the
antibodies preferably are directed to human HER family members. In some embodiments,
each of these compositions comprises more than one monoclonal antibody, each binding to a
different epitope in the targeted HER. In some embodiments, at least one of the antibodies is
conjugated to an anti-cancer agent, e.g., a cytotoxic agent, a cytokine, a toxin, or a

radionuclide.

Cancer treatable by the methods of the invention includes, without limitation, pancreatic
cancer (including pancreatic cancer facilitated by a KRAS mutation), head and neck cancer,
breast cancer, bone cancer, colon (including colorectal cancer) cancer, endometrial cancer,
urinary tract cancer, skin cancer, lung cancer, prostate cancer, gastric cancer, esophageal
cancer, ovarian cancer, other epidermal cancer, and cancers with a dependency on one or
more of EGFR, HER2, and HER3.

The patient may have been treated for cancer previously. For example, the patient may have
been treated with a drug targeting a single EGFR-family member and have acquired resistance

to the drug (e.g., cetuximab, trastuzumab, or pertuzumab).

The invention also relates to a nucleic acid molecule comprising a nucleotide sequence
encoding any of the antibody heavy or light chains or heavy or light variable regions described
herein. The invention also relates to an expression vector comprising such nucleic acid
molecules and a host cell comprising such nucleic acid molecules or vectors. The host cell may

be capable of expressing any of the antibodies described herein.

Brief Description of the Drawings

Figure 1: Amino acid sequence alignment of variable chains of the anti-EGFR humanized
monoclonal antibodies 10292, 10460, and 11294 with the /n silico designed sequence made up

of original murine CDRs grafted into fully human framework regions. Dots denote identity,

9



[y

w

20

35

49

WO 2013/164689 PCT/IB2013/001027

whereas differing positions are marked with their one letter amino acid abbreviation. Shaded
areas indicate CDRs as defined by IMGT. Top: Variable heavy chains of 10292 (SEQ ID
NC:38), 10460 (SEQ ID NG:40), and 11294 (SEQ ID NO:42) aligned to COR grafted sequence
(1277_CDRgrafted-H; SEQ ID NO:62). Middle: Variable light chain of 10282 (SEQ ID NO:39)
aligned to CDR grafted sequence (1277_CDRgrafted-L; SEQ ID NO:63). Bottom: Variable Hght
chains of 10460 (SEQ ID NO:41) and 11294 (SEQ ID NO:43) aligned to CDR grafted sequence
(1277A_CDRgrafted-L; SEQ ID NO:64).

Figure 2: Amino acid sequence alignment of variable chains of the anti-EGFR humanized
monocional antibodies 10560 and 11302 with the in silico designed sequence made up of
original murine CDRs grafted inte fully human framewaork regions. Dots denote identity,
whereas differing positions are marked with their one letter amino acid abbreviation. Shaded
areas indicate CDRs as defined by IMGT. Top: Variable heavy chaing of 10560 (SEQ ID NO:44)
and 11302 (SECQ ID NO:46) aligned to CDR grafted sequence (1565 _CDRgrafted-H; SEQ ID
NG:65). Bottom: Variable light chaing of 105360 (SEQ ID NG:45) and 11302 (SEQ ID NO:47)
aligned to CDR grafted sequence (1565 _CDRgrafted-L; SEQ ID NG:66).

Figure 3: Aming acid sequence alignment of variable chains of the anti-HER2 humanized
monocional antibodies 10704 and 11249 with the i sifico designed sequence made up of
original murine CDRs grafted into fully human framework regions. Dots denote identity,
whereas differing positions are marked with their one letter amino acid abbreviation. Shaded
areas indicate CDRs as defined by IMGT. Top: Variable heavy chains of 10704 {(SEQ ID NO:48)
and 11249 (SEQ ID NO:50) aligned to CDR grafted sequence (4384 _CDRgrafted-H; SEQ ID
NG:67). Bottormn: Variable light chains of 10704 (SEQ ID NO:49) and 11249 (SEQ ID NO:51)
aligned to CDR grafted sequence (4384 _CDRgrafted-L; SEQ ID NO:68).

Figure 4: Aming acid seguence alignment. of variable chains of the anti-HER2 humanized
mongcional antibody 11145 with the in sifico designed segquence made up of griginal murine
CDRs grafted into fully human framework regions. Dots denote identity, whereas differing
positions are marked with their one letter amino acid abbreviation. Shaded areas indicate
CDRs as defined by IMGT. Top: Variable heavy chain of 11145 {SEQ ID NO:52) aligned to CDR
grafted sequence (4517_CDRgrafted-H; SEQ ID NG:68). Bottormn: Variable light chain of 11145
{(SEQ ID NGC:53) aligned to CDR grafted sequence {4517_CDRgrafted-L; SEQ ID NO:170).

Figure 5: Amino acid sequence alignment of variable chains of the anti-HER3 humanized
monocional antibodies 10738 and 10810 with the in silico designed sequence made up of
original murine CDRs grafted into fully human framework regions. Dots denote identity,
whereas differing positions are marked with their one letter amino acid abbreviation. Shaded
areas indicate CDRs as defined by IMGT. Top: Variable heavy chains of 10738 {SEQ ID NO:54)

and 10810 (SEG ID NO:58) aligned to CDR grafted sequence (5038 _CDRgrafted-H, SEQ ID
10
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NG:71). Bottom: Variable light chains of 10738 (SEQ ID NO:55) and 10810 (SEQ ID NO:57)
aligned to CDR grafted sequence (5038_CDRgrafted-L; SEQ ID NO:72).

Figure 6: Amino acid sequence alignment of variable chains of the anti-HERS humanized
monacional antibodies 11006 and 11052 with the in silico designed sequence made up of
original murine CDRs grafted into fully human framewaork regions. Dots denote identity,
whereas differing positions are marked with their one letter amino acid abbreviation. Shaded
areas indicate CDRs as defined by IMGT. Top: Variable heavy chains of 11006 (SEQ ID NO:58)
and 11052 {SECQ ID NO:60) aligned to CDR grafied sequence (5082 CDRgrafted-H; SEQ ID
NG:73). Bottom: Variable light chains of 11006 (SEQ ID NO:59) and 11052 (SEQ ID NO:61)
aligned to CDR grafted sequence (5082 _CDRgrafted-L; SEQ ID NG:74).

Figure 7: In vitro activity of humanized anti-EGFR antibody variant 10292 in combination with
its chimeric anti-EGFR partner antibody. A431NS celis (top panel) and H358 cellis (bottom
panal) were treated with different concentrations of the indicated antibody mixtures for 96

hours. Data are presented as means & SEM.

Figure 8: In vitro activity of humanized anti-EGFR antibody variant 10460 in combination with
its chimeric anti-EGFR partner antibody. A431NS celis (top panel) and H358 cellis (bottom
panal) were treated with different concentrations of the indicated antibody mixtures for 96

hours. Data are presented as means & SEM,

Figure 9: In vitro activity of humanized anti-EGFR antibody variant 10560 in combination with
its chimeric anti-EGFR partner antibody. A431NS celis (top panel) and H35%8 cellis (bottom
panel) were treated with different concentrations of the indicated antibody mixtures for 96

hours. Data are presented as means & SEM,

Figure 10: In vitro activity of humanized anti-HER2 antibody variant 10704 in combination
with its chimeric anti-HERZ partner antibody. OE19 cells (top panel) and BT474 celis (bottom
panel) were treated with different concentrations of the indicated antibody mixtures for 96

hours. Data are presented as means £ SEM.

Figure 11: In vitro activity of humanized anti-HERZ antibody variant 11145 in combination
with its chimeric anti-HERZ partner antibody. OE19 cells (top panel) and BT474 celis (bottom
panel} were treated with different concentrations of the indicated antibody mixtures for 96
hours. Data are presented as means £ SEM.

Figure 12: In vitro activity of humanized anti-HER3 antibody variant 10738 in combination
with its chimeric anti-HER3 partner antibody. MBA-MD-175 VII cells (top panel) and MCF-7

cells (in the presence of L nM heregulin beta; bottom panel) were treated with different
11
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concentrations of the indicated antibody mixtures for 96 hours. Data are presented as means
+ SEM.

Figure 13: In vitro activity of humanized anti-HER3 antibody variant 10810 in combination
with its chimeric anti-HER3 partner antibody. MBA-MD-175 VII cells {top panel) and MCF-7
celis (in the presence of 1 nM heregulin beta; bottom panel) were treated with different
concentrations of the indicated antibody mixtures for 96 hours. Data are presented as means
+ SEM.

Figure 14: In vitro activity of humanized anti-HER3 antibody variant 11006 in combination
with its chimeric anti-HER3 partner antibody. MBA-MD-175 VII cells {top panel) and MCF-7
celis {in the presence of 1 nM heregulin beta; bottom panel} were treated with different
concentrations of the indicated antibody mixtures for 96 hours. Data are prasented as means
+ SEM.

Figure 15: In vitro activity of humanized anti-HER3 antibody variant 11052 in combination
with its chimeric anti-HER3 partner antibody. MBA-MD-175 VII celis {top panel} and MCF-7
cells (in the presence of 1 nM heregulin beta; bottom panel} were treated with different
concentrations of the indicated antibody mixtures for 96 hours. Data are prasented as means
+ SEM.

Figure 16&: Cross-reactivity pattern of chimeric and humanized antibodies with human,
cynomolgus and murine HER farnily antigens. The OD signal from 40 nM antibody, measured

at 450 nm using an ELISA reader, was scored from negative {-; OD<0.1) to strongly positive

Figure 17: In vitro activity of humanized anti-EGFR antibody variant 11294 in combination
with its chimeric anti-EGFR partner antibody. A431NS cells {top panel) and FabDu celis {(bottom
panel) were treated with different concentrations of the indicated antibody mixtures for 96
hours. Data are presented as means £ SEM.

Figure 18: In vitro activity of humanized anti-EGFR antibody variant 11302 in combination
with its chimeric anti-EGFR partner antibody. A431NS cells (top panal) and FaDu cells (bottom
panel) were treated with different concentrations of the indicated antibody mixtures for 96

hours. Data are presented as means £ SEM.

Figure 19: In vitro activity of humanized anti-HERZ antibody variant 11249 in combination
with its humanized anti-HERZ partner antibody 11145, OE192 cells {top panel} and BT474 cells

12



[y

w

20

35

WO 2013/164689 PCT/IB2013/001027

(bottom panel) were treated with different concentrations of the indicated antibody mixtures

for 96 hours. Data are presented as means & SEM.

Figure 20: In vitro activity of & mixture of humanized antibodies (variants 11294, 11302,
11249, 11145, 10738 and 11052; humanized Pan-HER) and a mixture of chimeric antibodies
(1277, 1565, 4384, 4517, 5038 and 5082; chimeric Pan-HER). The indicated cell lines were
treated with different concentrations of the indicated antibody mixtures for 96 hours. Data are

presented as means £ SEM.

Figure 21A is a schematic illustrating the interaction of Pan-HER with its EGFR (left), HER2
(middie) and HER3 (right) target proteins.

Figure 21B is a series of charts showing the effects of treatment with EGFR (left}, HER2
{(middie} and HER3 {(right) antibodies on the metabolic activity of A431NS, HCC202, and MDA-
MB-175-VII cell lines, respectively. The figure legend in the left panel lists from top to
bottom: Negative control, 1277, 1565, 1277+1565. The figure legend in the center panel lists
from top to bottom: Negative control, 4384, 4517, 438444517, The figure legend in the right
panel lists from top to bottom: Negative control, 5038, 5082, 5038-+5082.

Figure 21C is a series of Western blot images showing the levels EGFR {(left), HERZ2 (middle},
and HER3 (right} in the total cell lysates of A431INS, HCC202 and MDA-MB-175-VII cancer

celis, respactively, that had been treated with the indicated antibodies and antibody mixtures.

Figure 22 is an image showing the receptor phosphorylation levels of EGFR {left), HERZ
{middie), and HER3 {right) in 73 cancer cell lines treated with Pan-HER (1277, 1565, 4384,
4517, 5038 and 5082, chimeric Pan-HER).

Figure 23 is a table showing maximal metabolic activity as a percentage of untreated {no
Heregulin or EGF) control cells (set to 100%) after treatment with Pan-HER mixture (1277,
1565, 4384, 4517, 5038 and 5082; chimeric Pan-HER}, Pan-HER subcomponents and a

negative control antibody.

Figure 24 is a table showing maximal metabolic activity as a percentage of untreated control
cells in the absence of ligand {set to 100%) after treatment with Pan-HER (1277, 1565, 4384,
4517, 5038 and 5082; chimeric Pan-HER), Pan-HER subcomponents and a negative control
antibody in the presence of 5 nM Heregulin, Cells were exposed to medium containing
antibodies and ligands for 96 hours. (i.e. ligand and antibody was added simultaneousiy to the

cells).
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Figure 25 is a table showing maximal metabolic activity as a percentage of untreated control
cells in the absence of ligand {set to 100%) after treatment with Pan-HER (1277, 1565, 4384,
4517, 5038 and 5082; chimeric Pan-HER), Pan-HER subcompenents and a negative control
antibody in the presence of 1 nM EGF. Cells were expased to medium containing antibodies

and ligands for 96 hours. {i.e. ligand and antibody was added simultaneously to the celis).

Figure 26 is an image showing the mutation status of genes listed across the top of the image
of seven pancreatic cancer cell Hnes (CAPAN-1, PK-1, CFPAC-1, BxPC3, ASP(C1, CAPAN-2,
Pan08.13, PANC-1, KP4, MigPaca-2 and PSN1).

Figure 27 is a series of graphs showing the dose-response of the CAPAN-1 cell line to Pan-HER
treatiment in the absence (left) or presence of Heregulin {(middle) and EGF (right) ligands.
"Pan-HER” refers to a mixture of antibodias 1277, 1565, 4384, 4517, 5038, and 5082,

Figure 25 is a series of graphs showing the affects of Pan-HER and reference antibodies on the
metabolic activity of parental cell lines (top) and the corresponding resistant clones that have
acgquired resistance to cetuximab, trastuzumab or pertuzumab {(bottom}. "Pan-HER” refers to
a mixture of antibodies 1277, 1565, 4384, 4517, 5038, and 5082. The figure legend in the
left top panel lists from top to bottom: Pan- HER, cetuxdmab, Neg. control. The figure legend
in the center top panel lists from top to bottom: Pan-HER, trastuzumab, Neg. control. The
figure legend in the right top panet lists from top to bottom: Pan-HER, pertuzumab, Neg.

controf.

Figure 28 is a series of graphs showing the effects of Pan-HER and reference antibodies on the
metabolic activity of parental cell lines {top) and the corresponding resistant clones that have
acquired resistance to cetuximab, trastuzumab or pertuzumab {(bottom). “Pan-HER" refers to
a mixture of antibodies 1277, 1565, 4384, 4517, 5038, and 5082, The figure legend in the
left top panel lists from top to bottom: Pan- HER, cetuximab, Neg. control. The figure legend
in the center top panel lists from top to bottom: Pan-HER, trasturzumab, Neg. control. The
figure legend in the right top panel lists from top to bottorn: Pan-HER, pertuzumab, Neg.

control.

Figure 29 is a series of Western blot images showing the levels of EGFR, HERZ and HER3 in
whole cell lysates of H292 (top) and OVCAR-B (bottom) cell lines after antibody treatment.
“Pan-HER” refers to a mixture of antibodies 1277, 1565, 4384, 4517, 5038, and 5082.

Figure 30 is a graph showing the effects of treatment with Pan-HER or its subcomponents on
tumor volume in the BxPC-3 xenograft model. “Pan-HER” refers to a mixture of antibodies
1277, 1565, 4384, 4517, 5038, and 5082. “EGFR” refers to a mixture of antibodies 1277 and
1585, “HERZ2” refers to a mixture of antibodies 4384 and 4517, “HER3” refers to a mixture of

antibodies 5038 and 5082. "EGFR+HER2” refers to a mixture of antibodies 1277, 1565, 4384,
14
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and 4517, “"EGFR+HER3" refars to a mixture of antibodies 1277, 1565, 5038, and 5082,
"HERZHHER3” refers to a mixture of antibodies 4384, 4517, 5038, and 5082,

Figure 31 is a series of images showing EGFR and HERZ immunolabeled sections of tumaors
resected from vehicle and Pan-HER treated BxPC-3 xenografis three days after withdrawal of
treatment. “Pan-HER” refers to a mixture of antibodies 1277, 1565, 4384, 4517, 5038, and
5082.

Figure 32 is a graph showing the effects of treatment with Pan-HER or its subcomponents on
tumor volume in the Calu-3 xenograft model. "Pan-HER” refers to a mixture of antibodies
1277, 1565, 4384, 4517, 5038, and 5082. “EGFR” refers to a mibxture of antibodies 1277 and
1565. "HER2" refers to a mixture of antibodies 4384 and 4517, "HER3" refers to a mixture of
antibodies 5038 and 5082. “EGFR+HER2” refers to a mixture of antibodies 1277, 1565, 4384,
and 4517, "EGFR+HER3" refers to a mixture of antibodies 1277, 1565, 5038, and 5082.
"HERZ2+HER3” refers to a mixture of antibodies 4384, 4517, 5038, and 5082,

Figure 33 (top) is a series of Western blot images showing the levels of EGFR, HER2, HER3
and a B-actin loading control in BXPC-3 tumor lysates after antibody treatment. The relative
guantification of EGFR, HER2, and HER3 leveis in the Western blot band intensities is shown in
a series of charts in Fig. 30 (bottom). “Pan-HER” refers to a mixture of antibodies 1277,
1565, 4384, 4517, 5038, and 5082. “EGFR” refers to a mixture of antibodies 1277 and 1565,
THERZ" refers to a mixture of antibodies 4384 and 4517, "HER3" refers to a mixture of
antibodies 5038 and 5082, "EGFR+HERZ” refers to a mixture of antibodies 1277, 1565, 4384,
and 4517, “EGFR+HER3" refers to a mixture of antibodies 1277, 1565, 5038, and 5082.
"HERZHHER3” refars to a mixture of antibodies 4384, 4517, 5038, and 5082,

Figure 34 is a series of graphs showing the effects of Pan-HER on tumor volume in ST191,
ST204, ST383, STS021, ST179, ST385, STS064, ST334, 5TS059, and STS058 patient-derived
tumor xenograft models of KRAS mutated pancreatic cancer. "Pan-HER” refers to a mixture of
antibodies 1277, 1565, 4384, 4517, 5038, and 5082,

Figure 35 is a series of graphs showing the effects of treatment with Pan-HER or its
subcomponents on tumor volume in ST179 and ST383 patient-derived tumor xenograft models
of KRAS mutated pancreatic cancer. “Pan-HER” refers to a mixture of antibodies 1277, 1565,
4384, 4517, 5038, and 5082. "EGFR” refers to a mixture of antibodies 1277 and 1565,
“HERZ” refers to a mixture of antibodies 4384 and 4517, “HER3” refers to a mixture of
antibodies 5038 and 5082. "EGFR+HER2” refers to a mixture of antibodies 1277, 1565, 4384,
and 4517, “EGFR+HER3” refers to a mixture of antibodies 1277, 1565, 5038, and 5082.
“HERZ+HER3” refers to a mixture of antibodies 4384, 4517, 5038, and 5082.
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Figure 36 is a schematic iHlustrating the development and doning of acquired cetuximab

resistant HN5 clones.

Figure 37 is a graph showing the dose-response effects of cetuximab treatrent on parental
HN5S cells and cetuximab resistant clones HNS CR2, HN5 CR&, HNS CR13, and HNS CR14.

Figure 38 is a graph showing the binding curve of cetuximab to fixed parental HN5S relis and
cetindmab resistant clones HNS CR2, HN5 CR6&, HN5S CR13, and HN5S CR14.

Figure 39 is a graph showing the relative surface levels of EGFR found by fluorescence flow
cytometry in parental HNS cells and cetuximab resistant clones HNS CR2, HNS CR6&, HNS
CR13, and HN5 CR14.

Figure 40 is a series of Western blot images showing the total levels of EGFR, phosphorylated
EGFR species, and a B-actin leading control in cell lysates from parental HN5S cells and
cetuximab resistant dones HNS CR2, HNS CR&, HN5S CR13, and HN5 CR14 that were either
untreated (left) or stimulated with EGF (right).

Figure 41 is a series of Western blot images showing the total levels of EGFR, AKT, pAKT
(Serd73), ERK1/2, pERKI/2(Thr202/Tyr204}, and a B-actin loading control in cell lysates from
parental HN5 cells and cetuximab resistant clones HNS CR2Z, HN5 CR6, HN5 CR13, and HN5
CR14 that were either untreated (left) or stimulated with EGF (right).

Figure 42 is a graph showing the viability of parental HNS cells and cetuximab resistant clones
HNS CRZ and HN5 CR14 treated with EGFR-LNA, cetuximab, EGFR-2mix {antibodias 1277 and

1565} or controls.

Figure 43 is a series of Western blot images showing the total levels of EGFR in parental HNS
cells and cetuximab resistant ciones HNS CR2 and HN5S CR14 treated with EGFR-LNA,

cetuximab, EGFR-2mix {(antibodies 1277 and 1565) or controls.

Figure 44 is a graph showing the viability of parental HN5S cells and cetuximab resistant clones
HNS CRZ, HN5 CR6, HN5 CR13, and HNS CR14 treated with the indicated EGFR antibodies.
“EGFR Zmix” refers to a mixture of antibodies 1277 and 1565, “Her3 2mix” refers to a
mixture of antibodies 5038 and 5082.

Figure 45 is a series of graphs showing the dose-response of parental HNS celis (Fig. 454) and
cetuximab resistant clones HNS CR2 (Fig. 45B) viability to treatment with the indicated

antibodies. “EGFR 2mix” refers to a mixture of antibodies 1277 and 1565. “Her3 2mix” refers
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ta a mixture of antibodies 5038 and 5082. “EGFR4+HER3 4mix” refers to a mixture of
antibodies 1277, 1565, 5038 and 5082.

Detaltled description of the invention

While some monaocional antibodies {e.q., cetuximab, trastuzumab, and pertuzurnab) have
bean used to treat EGFR-family-related diseases, these treatments are not effective for all
patients. Additionally, patients often develop resistance to such drugs after initial use. This
invention is based on our discovery of new humanized antibodies targeting EGFR-family
members EGFR, HERZ, and HER3 and that mixtures of such humanized antibodies (a
humanized pan-HER antibody composition) can effectively down-reguiate the targets and
inhibit growth of a variety of cancer cell lines. We have also discovered that antibody mixtures
targeting EGFR-family members EGFR, HER2, and HER3 effectively suppress tumeor growth in
muitiple xenograft models of human cancer, including hard-to-treat patient-derived models of
pancreatic cancer. We have also shown that antibody mixtures targeting more than one
EGFR-family member retain their inhibitory effect in cells that have acquired resistance to

therapeutic monocional antibodies such as cetuximab, trastuzumab, and pertuzumab.

Humanized Antibodies

Une aspect of the invention relates to humanized antibodies that bind the EGFR-family
members EGFR, HERZ, and HER3. The term “antibody” or "antibody molecule” describes a
functional component of serum and is often referred to either as a collection of molecules
{antibodies or immunoglobulin} or as one molecule (the antibody molecule or immunoglobutin
molecule). An antibody is capable of binding to or reacting with a specific antigenic
determinant (the antigen or the antigenic epitope), which in turn may lead to induction of
immunological effector mechanisms. An individual antibody is usually regarded as
monospecific, and a compaosition of antibodies may be monocionat {i.e., consisting of identical
antibody molecules) or polycional {i.e., consisting of two or more different antibodies reacting
with the same or different epitopes on the same antigen or even on distinct, different
antigens). Each antibody has a unigue structure that enables it to bind specifically to its
corresponding antigen, and all natural antibodies have the same overall basic structure of two
identical light chains and two identical heavy chains. Antibodies are also known collectively as

immunogiobulins.

Unless otherwise indicated, the terms "antibody” or “antibodies” as used herein are intended
to include single chain antibodies as well as binding fragments of antibodies, such as Fab,
Flab'}2, Fv fragments or single chain Fv {scFv) fragments, and multimeric forms such as
dimeric IgA molecules or pentavalent IgM. In the present description and claims, references to

an "antibody” or “antibodies” are therefore intended to encompass, in particular, binding
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fragments and single chain antibodies, unless it is indicated otherwise or apparent from the

context that this is not the case.

Each heavy chain of an antibody typically includes a heavy chain variable region (VH) and a
heavy chain constant region. The heavy chain constant region typically inciudes three
domains, referred to as CH1, CH2 and CH3. Each antibody light chain typically includes a light
chain variable region (VL) and a light chain constant region. The lght chain constant region
typically includes a single domain, referred to as CL. The VH and VL regions may be further
subdivided into regions of hypervariability (“hypervariable regions”, which may be
hvpervariable in sequence and/or in structurally defined loops). The Thypervariable” regions
found in the variable domains of an antibody that are primarity responsible for determining the
antibody’s binding specificity. These are also referred to as complementarity determining
regions (CDRs), which are interspersed with regions that are more conserved, termed
framework regions (FRs}. Each of the heavy and light chains of an antibody contains three
CDR regions, referred to as CORY, CDRZ and CDR3, of which CDR3 shows the greatest
variability. Each VH and VL typically includes three CDRs and four FRs, arranged from the
aming terminus to the carboxy terminus in the following order: FR1, CDR1, FR2, CDR2Z, FR3,
CDR3, FR4. The amino acid residues in the variable regions are often numbered using a
standardized numbering method known as the Kabat numbering scheme {Kabat et al. (1981}
Sequences of Proteing of Immunological Interast, 5th Ed. Public Health Service, National
Institutes of Health, Bethesda, MD, USA)Y, although other numbering schames such as Chothia

and IMGT also exist,

The term “recombinant antibody” refers to an antibody that is expressed from a ceall or cell line
transfected with an exprassion vector {or possibly rmore than one expression vactor, e.q. two
axprassion vectors) comprising the coding sequance of the antibody, where said coding

sequence is not naturally associated with the cell.

The four-digit antibody numbers used herein, L.e. 1277, 1565, 4384, 4517, 5038 and 5082,
refer to the chimeric parent antibodies disclosed in WO 2012/059857, from which the
humanized antibodies of the invention are derived. Table 1 below shows the SEQ ID NOs, as
sel forth in Table 8, for the DNA and amino acid sequences of the heavy chain variable regions
{(VH) and the light chains {LC) of antibodies 1277, 1565, 4384, 4517, 5038, and 5082.

18
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Table 1: SEQ ID NOs for the DNA and aming acld seguences of the heavy chain
variable regions and light chains of chimeric antibodies

Antibody Antigen ¥ DNA seq. | Vy amine acid | light chain | light chain
Mumber S84, DRNA seq. aming acid seq.

1277 EGFR 14 15 16 17

1565 EGFR 18 19 20 21

4384 HERZ2 22 23 24 25

4517 HER2 26 27 28 29

5038 HER3 30 31 32 33

S082 HERS 34 35 36 37

The specificity of an antibody’s interaction with a target antigen resides primarily in the aming

acid residuss tocated in the six CDRs of the heavy and light chain. The amino acid sequences
within CDRs are therefore much more variable between individual antibodias than seguences
outside of CORs. Because CDR sequences are responsible for most antibody-antigen
interactions, it is possible to express recombinant antibodies that mimic the properties of a
specific naturally occurring antibody, or more generally any spedific antibody with a given
amino acid seqguence, by constructing expression vectors that express CDR sequeances from
the specific antibody grafted into framework sequences from a different antibody. As a result,
it is possible to "humanize” a non-human antibody and still substantially maintain the binding
specificity and affinity of the original antibody. A more detalled discussion of humanization is

provided below.

A "chimeric antibody” refers in its broadest sense to an antibody that contains one or more
regions from one antibody and one or more regions from one or more other antibodies,
typically an antibody that is partially of human origin and partislly of non-human origin, i.e.
derived in part from a non-human animal, for example a mouse, rat or other rodent, or an
avian such as a chicken. Chimeric antibodies are preferred over non-human antibodies in order
to reduce the risk of a human anti-antibody response, e.g. a8 human anti-mouse antibody
response in the case of a murine antibody. An example of a typical chimeric antibody is one in
which the variable region sequences are murine sequences derived from immunization of a
mouse, while the constant region sequences are human. In the case of a chimeric antibody,
the non-human parts may be subjected to further alteration in order to humanize the
antibody. As described elsewhere herein, the present invention is based on humanization of

certain chimeric antibodies having murine variable region sequences.

The term “humanize” refers to the fact that where an antibody is wholly or partially of non-
human origin, for example a murine antibody obtained from Immunization of mice with an
antigen of interest or a chimeric antibody based on such a murine antibody, it is possibie to

replace certain amino acids, in particular in the framework regions and constant domains of
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the heavy and light chains, in order to avoid or minimize an immune response in humans, It is
known that all antibodies have the potential for eliciting a human anti-antibody response,
which correlates to some extent with the degree of “humanness” of the antibody in guestion.
Although it is not possible to precisely predict the immunogenicity and thereby the human
anti-antibody response of a particular antibody, non-human antibodies tend to be more
immunogenic than human antibodies. Chimeric antibodies, where the foreign (usually rodent)
constant regions have been replaced with seguences of human origin, have been shown to be
generally less immunogenic than antibodies of fully foreign origin, and the trend in therapeutic
antibodies is towards humanized or fully human antibodies. For chimeric antibodies or other
antibodies of non-human origin, it is therefore preferred that they be humanized to reduce the

risk of a human anti-antibody response.

For chimeric antibodies, humanization typically involves meodification of the framework regions
of the variable region sequences. Aming acid residues that are part of a complementarity
determining regions (CDRs) will most often not be altered in connection with humanization,
although in certain cases it may be desirable to alter individual CDR amino acid residuss, for
axample to remove a glycosylation site, a deamidation site, an aspartate isomerization site or
an undesired cysteine or methionine residue. N-linked glycosylation occurs by attachment of
an oligosaccharide chain to an asparagine residue in the tripeptide seguence Asn-X-Ser or
Asn-X-Thr, where X may be any aming acid except Pro. Removal of an N-glycosylation site
may be achieved by mutating either the Asn or the Ser/Thr residue to a different residue,
prefarably by way of conservative substitution. Deamidation of asparagine and glutamine
residues can occur depending on factors such as pH and surface exposure. Asparagine
residues are particularly susceptible to deamidation, primarily when prasent in the sequence
Asn-Gly, and to a lesser extent in other dipeptide sequences such as Asn-Ala. When such a
deamidation site, in particular Asn-Gly, is present in a CDR sequence, it may therefore be
desirable to remove the site, typically by conservative substitution to remove one of the

implicated residues.

Numerous methods for humanization of an antibody sequence are known in the art; see e.q.
the review by Almagro & Fransson (2008} Front Sioscl. 13: 1619-1633. One commonly used
method is CDR grafting, which for e.g. a murine-derived chimeric antibody involves
identification of human germline gene counterparts to the murine variable region genes and
grafting of the murine CDR sequences into this framework. CDR grafting may be based on the
Kabat CDR definitions, although a more recent publication {Magdelaine-Beuzelin et al. {(2007)
Crit Rev.Oncol Hernatol. 64: 210-225) has suggested that the IMGTE® definition (the
international ImMunoGeneTics information system®, www.imgt.org) may improve the result
of the humanization (see Lefranc et al. (2003), IMGT unique numbering for immunogiobulin
and T cell receptor variable domains and Ig superfamily V-like domains, Dev. Comp Immunol.

27, 55-77). Since CDR grafting may reduce the binding specificity and affinity, and thus the
280
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biological activity, of a CDR-grafted non-human antibody, back mutations {sometimes referred
to as “framewaork repair”) may be introduced at selected positions of the CDR-grafted
antibody, typicaily in the framework regions, in order to reestablish the binding specificity and
affinity of the parent antibody. Identification of positions for possible back mutations can be
performed using information available in the literature and in antibody databases. Amino acid
residues that are candidates for back mutations are typically those that are located at the
surface of an antibody molecule, while residues that are buried or that have a low degree of
surface exposure will not normaily be altered. An alternative humanization technigue to CDR
grafting and back mutation is resurfacing, in which non-surface exposed residues of non-

human origin are retained, while surface residues are altered to human residuss.

In certain cases, it may also be deasirable to alter one or more COR aming acid residues in
order to improve binding affinity to the target epitope. This is known as “affinity maturation”
and may optionally be performed in connection with humanization, for example in situations
where humanization of an antibody leads to reduced binding specificity or affinity and it is not
possible to sufficiently improve the binding specificity or affinity by back mutations alone.
Various affinity maturation methods are known in the art, for example the in vitro scanning
saturation mutageneasis method described by Burks et al. {1897) PNAS USA, vol. 94, pp. 412~
417 and the stepwise inr vilro affinity maturation method of Wu et al. (1998) PNAS US4, vol.
95, pp. 6037-6042.

Amine acid residues herein may be indicated by either the one-letter code or the three-letter
code. Amino acid substitutions relative 1o a reference seguence may &.g. be indicated using
the format "G44R", which indicates that a glycine residue in position 44 of a reference
seguence has been mutated to an arginine residue. For exampie, in Table 2 below, “G44R”
indicates a mutation of the glycine residue in a CDR-grafted antibody to an arginine rasidue.
An arnino acid residue written in the format “Arg44” indicates a particular residue in a
particular position, i.e. in this case an arginine residue in position 44. Unless otherwise

indicated, numbering of amino acid residues refers to the appended sequence listing.

As noted above, the present invention relates to humanized antibodies, more particularly to
hurmanized antibodies based on certain chimeric parent antibodies described in WO
20127059857, The humanized antibodies of the invention were developed using CDR grafting
and back mutations, and in some cases alteration of unwanted sequence motifs, starting with
selected chimeric anti-EGFR, anti-HERZ2 and anti-HER3 antibodies described in WO
2012/059857. The particular methods used to develop these humanized antibodies, as well as
the resuits of functional evaluation of the humanized antibodies compared to the original
chimeric antibodies from which they were developed, are described in the examples below.
Strikingly, the data presented in the examples shows that mixtures containing a humanized

antibody of the invention have an in vitro efficacy that is comparable to that of corresponding
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mixtures of the original chimeric antibodies, demonstrating that the humanization process did
not affect the inhibitory properties of these antibodies or their ability to function in
combination with each other. The data also strongly suggests that the humanized antibody
mixtures will also show an in vivo efficacy that is comparable to that of the original chimeric
antibody mixtures described in WQ 2012/059857.

The five-digit antibody numbers used herein, &.g. “antibody 105607, refer to the specific
humanized antibodies described below, which have been prepared by CDR grafting based on a
chimeric parent antibody. For example, antibody 10560 is an antibody with a heavy chain
comprising the heavy chain variable region sequence (VH) set forth in SEQ 1D NO:4 and a light
chain comprising the light chain variable region sequence (VL) set forth in SEQ ID NO:5, and
comprising substitutions {for example, back mutations) at certain positions compared to the
griginal COR-grafted antibody {see Table 3 and Figures 1-6). In the examples below, the
antibodies also included a human kappa constant region sequence (SEQ ID NO:42 in WO
2012/059858 and US 2011/021 7305, with an N-terminal Arg residue)} and a human IGHGI
heavy chain constant region sequence (SEQ ID NO:44 in WO 2012/059858 and US
201170217305).

Particular humanized antibodies of the invention are described herein by way of an antibody
number, Le. 10292, 10460, 11294, 10560, 10704, 11302, 11145, 11245, 10738, 10810,
11006 or 11052, These are derived from the chimeric antibodies {murine variable regions,
human constant regions) disclosed in WO 2012/059857 by CDR grafting and subsequent
mutation at certain positions, primarily back mutations, as described in Example 1. Table 2
below outlines how the humanized antibodies of the invention are related to the chimeric
parent antibodies disclosed in WO 2012/059857.

Table 2: Humanized and chimeric parent antibody numbers

Humanized antibody Chimeric parent antibody
10292 1277
10460 1277
11294 1277
10560 1565
11302 1565
10704 4384
11249 4384
11145 4517
10738 5038
10810 5438
11006 5082
11052 5082
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Table 3 below provides the SEQ ID NOs of exemplary humanized antibodies of the invention,
as well as the individual substitutions {(back mutations, and in certain cases mutation{(s) to
alter undesired sequence motifs) in the heavy chain (HC) and light chain (LC) compared to the
original CDR-grafted antibody. The aming acid sequences of the heavy and light chains of the
antibodies listed in Table 3 are provided in Figures 1-6 and in separate SEQ ID NOs enclosed

in parentheses in Table 3. The CDR sequences in Figures 1-6 are indicated with shading.

Table 3: Seqguence numbers and substitutions in selected humanized antibodies

X i Ab
umanized HMC + LC SEQ ID NO. and substitutions

number

0292 HC: SEQ ID NO:1, G44R, MB3V {(SEQ ID NO:138)
LC: SEQ ID NO:2; VISA, YO2F {(SEQ ID NO:39)

10460 HC: SEQ ID NO:1; G44R, M83Y, M104l (SEQ ID NO:40)
LCY SEQ ID NO:3; F4ly, F51L, YO92F (SEQ ID NO:41)
HC: SEQ ID NO:1; G44R, M83YV, M104l (SEQ ID NO:42)

11294 LC SEQ ID NO:3; G341l F41Y, F51L, YO2F (SEQ ID
NO:43)

10560 HC: SEQ ID NO:4; V20L, M481, V68A (SEQ 1D NC:144)

LC: SEQ ID NO:5; 175V, YB7F (SEQ ID NO:45)

HC: SEQ ID NO:4; V20L, M481, G56L, V6BA (SEQ ID
11302 NG:46)

LC: SEQ ID NO:L; I75V, YB7F (SEQ ID NG:147)

HC: SEQ ID NO:6; N55S, M70L, R72V, T74K, V79A (SEQ
10704 ID N(:48)

LC: SEQ ID NO:7; P44V, [48M, F70Y (SEQ ID NO:49)
HC: SEQ ID NO:6; N55S, R72V (SEQ ID NO:50)

11249 LC: SEQ ID NO:7; 148M, F70Y (SEQ ID NO:51)
HC: SEQ ID NO8, G40A, N74T, N77S (SEQ 1D NO:52)
11145 LC: SEQ ID NO:9; DEGT, F71Y, Y855, V104L (SEQ ID
NO:53)
HC: SEQ 1D NO-10: T40M, D558, VGBI (GFQ 1D NO:54)
10738 LC: SEQ ID NO:11; Y36F, P44V, Y4SF, TSSI (SEQ ID
NG:55)
om0 HC: SEQ ID NO-10: KA4N, D558, VO3T (SEQ ID NO'56)
LC: SEQ ID NO:11; Y36F, YASF, F73L (SEQ ID NO:57)
HC: SEQ ID NO112; L46V, 149M, D558, V72R (SEQ 1D
11006 NO:58) .
LC: SEQ ID NO:13; 121V, 1297, P44V, YS7F (SEQ ID
NO:59)
HC: SEQ ID NO:112; H41F, L46Y, 140M, D555, V72R (SEQ
(1o5s ID NO:60)
LC: SEQ ID NO:13; 121V, P44V, F71Y, YB7F, V104L (SEQ
ID NO:61)

An indication that any of the numbered humanized antibodies listed in Table 2 may comprise
“at least one additional substitution in any of the heavy chain and/or light chain amino acid
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residues indicated as "Xaa” in Table 47 means that the antibodies may comprise additional

substitutions in one or more “Xaa” residues other than the substitutions listed above in Table

a3

Table 4: Sequences of selected humanized antibodies

NG 1
117
PRT

Artificial Seguence

> Humanized 1277 VH

<220

<221> VARIANT

<222> {44 {44)

<223> ¥aa = Gly or Arg

<220>

<2Z21> VARIANT

222> (49 {49}

<223» Xaa = Ser or Ala

<220

<221> VARIANT

222> {83)..(83)

<223>» ¥aa = Met or Val

<220>

<2Z21> VARIANT

222»  (104)..,(104)

223> Kaa = Met or Ile

<4Q0> 1

Glu Val Gln Leu Val Glu Sexr Gly Gly Gly Leu Val Giln Pro Gly Gly
1 5 iG 15

Ser Leu Arg Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe Ser Tyr Ser
2 3

Asp Met

Val Arg Gln Ala Pro Gly Lys Xaa Leu Glu Trp Val

Xaa Tyr Met Ser Ser Ala CGly Asp Val Thr Phe Tyr Ser Asp Thr Val
=
5

Lys Glyv Arg Phe Thr Ile Ser Arg Asp Asn Ala Lys Azsn Ser Leu Tyr
55 70 75 30
Leu Gln Xaa Asn Ssr Leu Arg Alas Glu Asp Thr Ala Val Tyx
= Y
a5 90
Val Arg His Arg Asp Val Ala

3 Xaa Asp Tyr Trp Gly Gln Gly Thr Thr
160 1G5 110
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Q ID NO:2

10> 2

1i> 111

12> PRT

L3> Artificial Sequence

<2

N b2
w O
A AAYS

ras
N

Humanized 1277 VL

o
Y

N
Ny N

<Z21>» VARIANT
222> {13y ..(13}
<223> ¥as = Ala or Val
<220>
<221> VARIANT
22> (19

AA

NN

N

W

V

"

)

Qi

20
il

P

N

Qo

—

8]

i

el

o

o}

o
Y

<7
2

2
2

<221> VARIANT
222> {33)..(33})

223> ¥aa can ke any naturally cccurring amino
<220>
<2Z21>
<222
223>
<220
<221> VARIANT
222> {42y .. (42}

3> ¥aa = Gln or Leu

<2Z20>
<2Z21> VARIANT

222> (48) .. (48)

%
®
=~

Ala or

AA
NN
N
o

Y
o
)
Qi
B

;

i

>  VARIANT
222> {83)..(83)
<223> ¥Xaa = Leu or Val

A
[N}

Y A2 R
o
|V

AAA
NN N
N
[o)
VARV
o
)
i
B
H
e
s
¥

?\\
[
VoV
o~ <
ool
[Xelvs]
~ i
>
Z
=

or Gly

AN
Ns
5 N
)
v

v
(93
>

v

o

o
55
ey
i

A
A/
=
o
o
=
W

\V
>
2%
oY)
i
w3

-G
v

v
o
—

-
Z
3

acid

acid
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N
N>
N
[o8)
Vv
o<
B
s3]}
i
e
o]
’_.J
O
[
=
®

<400> 2

Asp Ile Gln Met Thr Gln Ser Pro Ser Ser Leu Ser Xaa Ser Val Gly
1 5 iG i5
Aspe Arg Ile Thr Cys zln Ser Leu Val His Sex
30
30
Xaa Tyr Leu His Gln Lys Xaa

Pro Lys Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
50 55 60

Ser Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp P Leu

65 76 75

Ser Ser Xaa Gln Pro Glu Asp Phe Xaa Tyr Xaa Cys Ser Gln Ser
85 5

Thr His Val Gly Thr Lyvs Xaa Glu Ile Lys

SEQ ID

<Z10>

<Ziix

<212>

<Z213> nee

<220>

<223> Humanized 1277A VL

N
N
N
fd
v

<Z221i>»  VARIANT
<Z222>  {33)..(33)
<223> Yaa = Asn or Ser
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VARIANT

i
“

Asp Val Val Met Gln Leu Leu Pro Val Gly

(AN
oex
4
BN

O (

-

Toy

Gln Fro Ile Cys Arg Ser Gln Leu Val His
25 30
Xaa Xaa Asn Trp Xaa Xaa Gln Arg Pro CGly Gln Ser
35 40 3a]
Pro Arg ¥aa Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly Val Pro
5 =N GO
-\ e .

Asp Arg i Gly Gly Gly Asp Phe Thr Leu Lys Ile

55 75 8C

Ser Arg Val Glu Glu Asp Val Gly Val Tyr Xaa Cys Ser Gln 8Ser
20 95

Thr His Val Fro Thr Fhe Gly Gly Gly Lys Xaa Glu

<7
<223>» Humanized

VARIANT
{(20% .. (20}

Xaa = Val or Leu
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<222> {38)..(38)
<223>» ¥aa = Arg or Lys

\/
”
e

\

[GSIN SO I
v/

B e <
8

jal

it

3
s
93]

o]

o]

3

&

X}

N
N
N
fd
v

<Z221i>»  VARIANT
<Z222> {48) .. (48}
<Z223> ¥aa = Met or Ile

<220>

<221> VARIANT

<222> (55} .. (55}

<2Z23>» Xaa can be any naturally occurring amino acid

<22i»>  VARIANT
<222>  (56)..(56)
<223> ¥aa can be any naturally occurring amino acid

aa = Val or Als

<Z221i>»  VARIANT
<222> {70y .. (70
<223> ¥as = Met or Lsu

>4
G
(3]
£
N
&
o
¥
2
[
-
ey
o3

<Z221i>»  VARIANT
<222> {74y ..(74)
<223> ¥as = Thr or Lvs

<220>
<221> VARIANT
222> {79

Gln Val &ln Leuw Val Gln Ser Gly Als Glu Val Lys Lys Pro Gly Ala
1 5 10 15
Ser Val Lys Xaa Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser Tyr
20 25 30
Trp Met Gln Trp Val Xaa Gln Xaa Pro Gly Gln Gly Leu Glu Trp Xaa
35 40 45
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<222> {79y .. (T
<223> Yaa = Val or Ala

A
A
N
<
)
\
5

3
bt
o]

Gln Val Gln Leu Val Gln Ser Gly Ala
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Amino acid sequence alignments of the CDR-grafted heavy and light chain variable regions of
these humanized antibodies with the respective in sifico designed sequence made up of

original murine CDRs grafted into fully human framewark regions are shown in Figures 1-6.

One aspect of the invention relates to particular humanized antibodies targeting EGFR, HER2

or HER3. These individual antibodies include the following:

¢ {a) a humanized anti-EGFR antibody comprising the heavy chain variable region
sequence of SEQ ID NO:1 and the light chain variable region sequence of SEQ ID NO:2
or SEQ ID NO:3;

¢ {b) a humanized anti-EGFR antibody comprising the heavy chain variable region
sequence of SEQ ID NO:4 and the light chain variable region sequence of SEQ ID
NO:5;

« {¢) a humanized anti-HER2 antibody comprising the heavy chain variable region
sequence of SEQ ID NO:6 and the light chain variable region sequence of SEQ ID
NO:7;

« {d} a humanized anti-HERZ antibody comprising the heavy chain variable region
sequence of SEQ ID NO:8 and the light chain variable region sequence of SEQ ID
NO: O,

« {e) a humanized anti-HERG antibody comprising the heavy chain variable region
sequence of SEQ ID NO:10 and the light chain variable region sequence of SEQ ID
NO:11; and

« {f) a humanized anti-HER3 antibody comprising the heavy chain variable region
sequence of SEQ ID N(G:12 and the light chain variable region sequence of SEQ ID
NO:13.

The above-outlined humanized antibodias typically include, in both the heavy chain variable
region sequence and the light chain variable region seguence, one or more of the possible
substitutions (primarily back mutations, but in certain caseas also mutation to alter unwanted
sequence maotifs) set forth in Table 4 and in the examples and accompanying figures. The
heavy chain variable region sequence and the light chain variable region sequence will

typically each comprise two, three, four or five such substitutions.

Examples of a preferred anti-EGFR antibody (a) are antibodies comprising:

{i} a heavy chain variable region sequence {SEQ ID NG:1) comprising Arg44 and Val83,
and a light chain variable region seqguence (SEQ ID NO:2) comprising Alalg and Phe92 [e.g.,
antibody 10292];
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{il) a heavy chain variable region sequence {SEQ ID NO:1) comprising Arg44, Valg3
and [el04, and a light chain variable region sequence (SEQ ID NQO:3) comprising Tyr41l,
LeuS1 and Phe92 [e.q., antibody 10460]; or

{ili) a heavy chain variable region sequence (SEQ ID NO: 1) comprising Arg44, Val83
and I{e104, and a light chain variable region sequence (SEQ ID NO:3) comprising Leu34,
Tyrdl, Leu51 and PheS2 {e.qg., antibody 112941,

The anti-EGFR antibody (&) may also be an antibody corresponding to antibody 10292, 10464,
or 11294, but comprising at least one additional substitution in any of the heavy chain and/or
light chain amino acid residues indicated as “"Xaa” in Table 4, &.g. substitution in one, two,
three or four of such “Xaa” residues. SEQ ID NG 2 includes Xaa in positions 33-34, since the
CDR-grafted sequence has a deamidation site {Asn-Gly) in these positions. Although it is
possible to perform substitutions in both positions, it is sufficient to alter only one of the two
positions in order to eliminate the deamidation site. The sequence will therefore typically

include either Asn in position 33 or Gly in position 34.

An example of a preferred anti-EGFR antibody (b) is ong comprising:

{i} & heavy chain variable region sequence {SEQ ID NG:4) comprising Leu20, le48 and
Alae8, and a light chain variable region sequence {SEQ ID NO:5) comprising Vai75 and Phe87
fe.g., antibody 105601, or

{il} a heavy chain variable region sequence {SEQ ID NG:4) comprising Leu20, 1e48,
Leubs, and Alads, and a light chain variable region sequence {SEQ ID NO:5) comprising Val75
and Phe87 [e.g., antibody 11302].

The anti-EGFR antibady (b) may also be an antibody corresponding to antibody 10560 or
11302, but comprising at least one additional substitution in any of the heavy chain and/or
light chain amino acid residues indicated as "Xaa” in Table 4, e.g. substitution in one, two,
three or four of such "Xaa” residues. SEQ ID NO: 4 includes Xaa in positions 55-56, since the
CDR-grafted sequence has a deamidation site (Asn-Gly} in these positions. Although it is
possible to perform substitutions in both positions, it is sufficient to alter only one of the
positions in order to eliminate the deamidation site. The sequence will therefore typically

include either Asn in position 55 or Glv in position 56.

An example of a preferred anti-HER2 antibody (<) is one comprising:

(i) & heavy chain variable region seguence (SEQ ID NO:6) comprising Sers5, Leu7(,
Val72, Lys74 and Ala79, and a light chain variable region sequence (SEQ ID NO:7) comprising
Vald4, Metd8 and Tyr70 [e.q., antibody 107047; or

(ily a heavy chain variable region sequence {SEQ ID NO:6) comprising Ser5h and
Val72, and a light chain variable region sequence (SEQ 1D NO:7) comprising Metd8 and Tyr70

[e.g., antibody 11249].
41



[y

w

20

35

WO 2013/164689 PCT/IB2013/001027

The anti-HERZ antibody (<) may also be an antibody corresponding to antibody 10704 or
11249, but comprising at least one additional substitution in any of the heavy chain and/or
light chain amino acid residues indicated as "Xaa” in Table 4, e.g. substitution in one, two,

three or four of such “Xaa” residues.

An example of a preferred anti-HERZ2 antibody (d)} is one comprising a heavy chain variable
region sequence {SEQ ID NO:8) comprising Alad9, He74 and Ser77, and a light chain variable
region sequence {SEQ ID NG:9) comprising Thr5e, Tyr71, Ser85 and Leul04 [e.g., antibody
11145]. The anti-HERZ2 antibody {d) may alst be an antibody corresponding to antibody
11145, but comprising at least one additional substitution in any of the heavy chain and/or
light chain amino acid residues indicated as “"Xaa” in Table 4, &.g. substitution in one, two,

three or four of such "Xaa” residues.

Examples of a preferred anti-HER3 antibody (&) are antibodies comprising a heavy chain
variable region sequence (SEQ ID NO:10) comprising Metd9, Ser55 and Heb8, or comprising
Asndd, Ser55 and Thro3, and a light chain variable region sequence (SEQ ID NO:11)
comprising Pha36, Vald4, Phed9 and He85, or comprising Phe36, Phed9 and Leu73. Particular
axamples of such anti-HER3 antibodies are those comprising:

{i} & heavy chain variable region sequence (SEQ ID NO:10) comprising Met43, Serbh
and Hed8, and a light chain variable region sequence {SEQ ID NO: 11} comprising Phe36,
Vald4, Phed? and [e85 [e.qg., antibody 10738}, or

{il} a heavy chain variable region sequence {SEQ ID NG:10) comprising Asnd4, Serb5
and Thr93, and a light chain variable region sequence (SEQ ID NQ:11) comprising Phe36,
PhedS and Leu”3 [e.q., antibody 10810].

The anti-HER3 antibody (&) may also be an antibody corresponding to antibody 10738 or
10810, but comprising at least one additional substitution in any of the heavy chain and/or
light chain amino acid residues indicated as "Xaa” in Table 4, e.q. substitution in one, two,

three or four of such “Xaa” residues.

Examples of a preferred anti-HERS antibody (f) are antibodies comprising:

(i) & heavy chain variable region sequence (SEQ ID NO:12) comprising Vai4s, Met49,
Serhh and Arg72, and a light chain variable region sequence (SEQ ID NO:13) comprising
Val2l, Vald4 and Phe87, and optionally Thr29 [e.g., antibody 110086]; or

(il} a heavy chain variable region sequence (SEQ ID NG:12) comprising Phedl, Valds,
Metd8, Serhs and Arg72, and a light chain variable region sequence {SEQ ID NO:113)
comprising Val21, Vald4d, Tyr71, Phe87 and Leul04 [e.g., antibody 11052].
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The anti-HER3 antibody (f) may also be an antibody corresponding to antibody 11006 or
11052, but comprising at least one additional substitution in any of the heavy chain and/or
light chain amino acid residues indicated as "Xaa” in Table 4, e.g. substitution in one, two,

three or four of such “Xaa” residues.

it is well-known in the art that antibodies exist as different isotypes, such as the human
isotypes [gG1, IgG2, IgG3, oG4, IgAl and IgAZ, or the murine isotypes IgG1, IgG2a, IgGzhb,
1gG3 and IgA. An antibody of the invention mav be of any isotype, including IgG, IgM, Igk,
IgA, or IgD.

Humanized Antihodyv Compositions

A further aspect of the invention relates to a recombinant antibody composition {or mixtura)
comprising at least two humanized antibodies of the invention directed against at least two
different receptors selected from EGFR, HER2 and HER3. The terms “polycional antibody” or
“mixture of [monodonall antibodies” refer to a composition of two or more different antibody
molecules which are capable of binding to or reacting with different specific antigenic
determinants on the same or on different antigens. In the context of the present invention,
the individual antibodies of a mixture of antibodias bind to different antigenic determinants of
at lsast two HER family receptors. In the case of antibody mixtures containing two different
antibodies that bind to the same receptor, the individual antibodies preferably bind to different

epitopes of that receptor, more preferably distinct and substantially non-overlapping epitopes.

The terms "pan-HER” or "pan-HER antibody compaosition” refer to a composition of antibody
molecules which are capable of binding to ab least two different antigens on at least two HER
family receptors. In the context of the present invention, the individual antibodies of an
antibody compeosition bind to different antigenic determinants of the HER Tamily. The individual
antibodies of the antibody composition may thus bind to EGFR and HERZ, EGFR and HER3G,
HERZ and HER3, or EGFR, HER2 and HER3, preferably to the three receptors EGFR, HERZ and
HER3.

The term “epitope” is used to describe a part of a larger molecule {2.g. antigen or antigenic
site} having antigenic or immunogenic activity in an animal. An epitope having immunogenic
activity is a portion of a larger molecule that elicits an antibody response in an animal. An
epitope having antigenic activity is a portion of a larger molecule to which an antibody
immunospecifically binds as determined by any method known in the art. Antigenic epitopes
are not necessarily immunogenic. An antigen is a substance to which an antibody or antibody
fragment immunospecifically binds, e.q. a toxin, virus, bacteria, protein or DNA. An antigen or
antigenic site often has more than one epitope, unless it is very small, and is often capable of
stimulating an immune response. Epitopes may be linear or conformational. A linear epitope

generally consists of about 6 to 10 adjacent amino acids on a protein moleculs that are
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recognized by an antibody. In contrast, a conformational epitope consists of amino acids that
are not arranged sequentially, but where an antibody recognizes a particular three-
dimensional structure. When a protein molecule folds into a three-dimensional structure, the
amino acids forming the epitope are juxtaposed, enabling the antibody to recognize the
conformational epitope. In a denatured protein only linear epitopes are recognized. A

conformational epitope, by definition, must be on the outside of the folded protein.

The term “distinct epitopas” refers to the fact that when two different antibodies of the
invention bind distinct epitopes, there is less than 100% competition for antigen binding,
preferably less than 80% competition for antigen binding, more preferably less than 50%
competition for antigen binding, and most preferably as little competition as possible, such as
less than about 25% competition for antigen binding. Antibodies capable of competing with
sach other for binding to the same antigen may bind the same or gverlapping epitopes or may
have a binding site in close vicinity of one ancther, so that competition is mainly caused by
steric hindrance. An analysis for “distinct epitopes” of antibody pairs may be performed by
methods known in the art, for example by way of binding experiments under saturating
antibody conditions using either FACS (fluorescence activated cell sorting} or other flow
cytometry analysis on cells exprassing the relevant receptor antigen and individual fluorescent
labeled antibadies, or by Surface Plasmon Resonance (SPR) using antigen captured or

conjugated to a flow cell surface.

The distinct epitopes are preferably "non-overiapping” in the sense that two different
antibodies in a composition of the invention that bind to the same receptor have a sufficiently
low competition for antigen binding that the two antibodies are able to bind their respective
apitopes simultanegusly. It will be understood by persons skilled in the that there can be
different degrees of overlap, and that distinct epitopes can be considered to be "non-
gverlapping” in spite of the pressence of some degree of competition, as long as the respective
antibodies are able to substantially bind their epitopes. This is generally considered to be the
case when the competition for antigen binding between two antibodies is less than about 50%.
Methods for determining competition between antibodies are known in the art, for example

using Surface Plasmon Resonance (SPR) as described e.g. in WO 2011/107857.

Antibodies binding to different epitopes on the same antigen can have varying effects on the
activity of the antigen to which they bind, depending on the location of the epitope. An
antibody binding to an epitope in an active site of the antigen may block the function of the
antigen completely, whereas another antibody binding at & different epitope may have no or
little effect on the activity of the antigen alone. Such antibodies may, however, stili activate
complement and thereby result in the elimination of the antigen-expressing cell, and may
result in synergistic growth inhibitory effects when combined with one or more antibodies

binding at different epitopes on the same antigen. In the context of the present invention, the
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epitope is a portion of the extraceliular domain of EGFR, HERZ2 or HER3 {either wild-type or
mutated). An anti-EGFR antibody of the invention will thus bind to the extracellular domain of
EGFR, an anti-HERZ antibody of the invention will bind to the extraceliular domain of HERZ,

and an anti-HERS antibody of the invention will bind to the extraceliular domain of HER3.

Particular embodiments of this aspect of the invention include, with reference to humanized

antibodies (a)-(f} outlined above, compositions comprising:

» anti-EGFR antibody {a} and anti-HERZ antibody {¢);
e anti-EGFR antibody {a) and anti-HERZ antibody (d);
e anti-EGFR antibody (a) and anti-HER3 antibody (&);
« anti-EGFR antibody (a) and anti-HER3 antibody {f};
= anti-EGFR antibody (b) and anti-HER2 antibody (¢};
» anti-EGFR antibody (b) and anti-HERZ antibody (d);
e anti-EGFR antibody (b) and anti-HER3 antibody (e);
¢ anti-EGFR antibody (b)) and anti-HER3 antibody (f);
« anti-HERZ antibody {¢) and anti-HER3 antibody (e};
= anti-HERZ antibody {¢) and anti-HER3 antibody {f);
e anti-HERZ antibody {d) and anti-HER3 antibody (e); or
e anti-HER2 antibody {d) and anti-HER3 antibody (f}.

in ane embodiment, the invention relates to a recombinant antibody compaosition comprising
at least one humanized anti-EGFR antibody, at least one humanized anti-HER2 antibody, and

at least one humanized anti-HER3 antibody.

In some embodiments, the invention relates to an antibody composition comprising at least
one humanized anti-EGFR antibody, at least one humanized anti-HER2 antibody, and at least

one humanized anti-HERS antibody, wherein:

comprising the heavy chain variable region sequence of SEQ ID NO:1 and the light chain
variable region sequence of SEQ ID NO:2 or SEQ ID NO:3, and (b) an antibody comprising the
heavy chain variable region sequence of SEQ ID NO:4 and the light chain variable region
sequence of SEQ ID NO:5;

the at least one humanized anti-HERZ antibody is selected from {¢) an antibody
comprising the heavy chain variable region sequence of SEQ ID NO:6 and the light chain
variable region sequence of SEQ ID NO:7, and (d) an antibody comprising the heavy chain
variable region sequence of SEQ ID NO:8 and the light chain variable region sequence of SEQ
1D NO:9; and

the at least one humanized anti-HER3 antibody is selected from {&) an antibody
comprising the heavy chain variable region sequence of SEQ ID NO:10 and the light chain

variable region sequence of SEQ ID NO:11, and {f) an antibody comprising the heavy chain
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variable region sequence of SEQ ID NO:12 and the light chain variable region sequence of SEQ
D NO:13.

in the case of an antibody composition comprising one anti-EGFR antibody, one anti-HERZ
antibody and one anti-HER3 antibody, the composition may thus comprise, with reference to
humanized antibodies (a)-{f) outlined above:

« anti-EGFR antibody (2}, anti-HERZ antibody (¢}, and anti-HER3Z antibody (e};
= anti-EGFR antibody (&}, anti-HERZ antibody (¢}, and anti-HER3 antibody {f});
e anti-EGFR antibody (a}), anti-HER2 antibody {d}, and anti-HER3 antibody (8);
e anti-EGFR antibody (a), anti-HER2 antibody {d), and anti-HER3 antibody {f});
¢ anti-EGFR antibody (b)), anti-HER2 antibody {), and anti-HER3 antibody (e);
« anti-EGFR antibody (b}, anti-HERZ antibody {¢), and anti-HER3 antibody (f};
» anti-EGFR antibody (b}, anti-HERZ antibody {d), and anti-HER3 antibody {&); or
e anti-EGFR antibody (b}, anti-HERZ2 antibody {d), and anti-HER3 antibody (1),

Examples of preferred compositions comprising one antl-EGFR antibody, one anti-HER2Z
antibody and one anti-HER3 antibody are, e.g.:

« antibodies 10292, 10704 and 10738;

« antibodies 10292, 10704 and 10810;

¢ antibodies 10292, 10704 and 11006;

e antibodies 10292, 10704 and 11052;

¢ antibodies 10460, 10704 and 10738;

¢ antibodies 10460, 10704 and 10810;

e antibodies 10460, 106704 and 11006;

¢ antibodies 10460, 10704 and 11052;

¢ antibodies 11294, 10704 and 10738;

¢ antibodies 11294, 10704 and 10810;

e antibodies 11284, 10704 and 11006; and

¢ antibodies 11294, 16704 and 11052

In a stili more preferred embodiment, the antibody composition comprises six humanized
antibodies, i.e. two humanized antibodies directed against gach of the three receptors EGFR,
HERZ and HER3, where gsach pair of antibodies that bind the same receptor bind to distinct
and non-overiapping epitopes of that receptor. This may in particular be a compaosition
comprising anti-EGFR antibodies (a) and (b)), anti-HER2 antibodies () and (d), and anti-HER3
antibodies (e} and {f). In this case, one, twg, three, four, five or all of the six antibodies may
be selected from antibodies 10292, 10460, 11294, 10560, 11302, 10704, 11249, 11145,
10738, 108106, 11006 and 11052,

In a particular embodiment, the antibody compaosition comprises:

{a) anti-EGFR antibody 10292, 10460, or 11294;
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(b) anti-EGFR antibody 10560 or 11302;

(c) anti-HER2 antibody 10704 or 11249;

(d) anti-HER2 antibody 11145;

(e) anti-HER3 antibody 10738 or 10810; and

(f) anti-HER3 antibody 11006 or 11052.
Alternatively, any one or more of the antibodies (a)-(f) in this embodiment may comprise at
least one additional substitution in any of the heavy chain and/or light chain amino acid
residues indicated as “Xaa” in Table 4, e.g. substitution in up to five or six of such "Xaa”
residues per antibody for one or more of the antibodies in the composition, such as
substitution in one, two, three or four of such “Xaa” residues per antibody for one or more of

the antibodies in the composition.

In a preferred embodiment, the antibody composition comprises anti-EGFR antibodies 11294
and 11302, anti-HER2 antibodies 11249 and 11145, and anti-HER3 antibodies 10738 and
11052. The antibody composition may comprise (a) an antibody comprising the heavy chain
variable region sequence of SEQ ID NO:42 and the light chain variable region sequence of SEQ
ID NO:43; (b) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:46 and the light chain variable region sequence of SEQ ID NO:47; (c) an antibody
comprising the heavy chain variable region sequence of SEQ ID NO:50 and the light chain
variable region sequence of SEQ ID NO:51; (d) an antibody comprising the heavy chain
variable region sequence of SEQ ID NO:52 and the light chain variable region sequence of SEQ
ID NO:53; (e) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:54 and the light chain variable region sequence of SEQ ID NO:55; and (f) an antibody
comprising the heavy chain variable region sequence of SEQ ID NO:60 and the light chain
variable region sequence of SEQ ID NO:61.

Although it is possible for the individual antibodies of an antibody mixture of the invention to

include antibodies of more than one isotype, they may all be of the same isotype.

Properties of the Humanized Antibodies and Antibody Compositions
The humanized antibodies of the invention bind to the HER- or EGFR-family members, EGFR,

HER2, or HER3. The term “HER” stands for "Human Epidermal growth factor Receptor" and is
often used interchangeably with the term “ErbB” to characterize the subgroup of the receptor
tyrosine kinases (RTKs) consisting of the four members EGFR/ErbB, HER2/ErbB2, HER3/ErbB3
and HER4/ErbB4. Together, these four receptors constitute the “HER family” (or ErbB or EGFR

family) receptors.

Binding of one or more antibodies of the invention, in particular a pan-HER antibody
composition of the invention, to HER family receptors preferably inhibits the growth and

proliferation of cells expressing the receptors (i.e. typically tumor cells). The mechanism(s)
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involved may, for example, include one or more of the following: preventing receptor
dimerization, preventing ligand binding, promaoting internalization and degradation of the
receptor, reducing tyrosine kinase domain (TKD) phosphorylation, reducing receptor signaling,
and inducing phagocytosis, CDC and/or ADCC,

As used herein, the term “inhibits growth” (e.g., referring to celis) is intended to include any
measurable decrease in the proliferation {increase in number of cells) or metabolism of a cell
when contacted with an anti-HER family antibody or pan-HER antibody composition as
compared to the growth of the same cells in the absence of the antibody or composition, e.qg.
inhibition of growth of a cell culture by at least about 10%, and preferably more, such as at
least about 20% or 30%, more preferably at least about 40% or 3(3%, such as at least about
60%, 70%, 80%, 90%, 35% or 99%, or even about 100%. Growth inhibition can e.g. be

determined in relevant cancer call lines as described in the examples below.

Bispecific Binding Molecules

In a further aspect, the binding specificities of any two individual antibodies disclosed herein
may be combined in one bispecific binding molecule. Such & bispecific binding maolecule may
have the binding specificities of two antibodies targeting two different receptors selected from
EGFR, HERZ and HERS3, or it may have the binding specificities of two antibodies targeting the
same receptor. For example, a bispecific binding molecule may have the binding specificities of
anti-EGFR antibodies (&) and (b)), the binding specificities of anti-HERZ antibodies (<) and {d},
or the binding specificities of anti-HER3 antibodies (e} and (). More particularly, a bispecific
binding molecule may e.g. have the binding specificities of (1) anti-EGFR antibody 10292,
10460, or 11294, and anti-EGFR antibody 10560 or 11302; (2) anti-HER2 antibody 10704 or
11249, and anti-HERZ antibody 11145; or {3} anti-HER3 antibody 10738 or 10810, and anti-
HER3 antibody 11006 or 11052, The bispecific binding molecule may be a dual variable
domain antibody, L.e. wherein the two arms of the antibody comprise two different variable
domains, or may be in the form of an antibody fragment such as a bispecific Fab fragment or a

bispecific scFv.

Nucleic Acid Molecules, Vector, and Production of Antibodies and Antibody Compositions of the

Invention

Further aspects of the invention relate to nucleic acid molecules comprising a nuclectide
sequence that encodes an antibody of the invention, in particular an antibody selected from
the group consisting of antibodies 10292, 10460, 11284, 10560, 11302, 10704, 11249,
11145, 10738, 10810, 11006 and 11052, ar encoding a heavy and/or light chain variable
region sequence of such an antibody, as well as an expression vectors comprising such a
nucleic acid molecule, and host celis comprising the nucleic acid molecule or expression
vectar, wherein said host cells are capable of expressing an antibody encaded by the nucleic

acid molecule.
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The term “vector” refers to a nucleic acid molecule into which a nucleic acid sequence can be
inserted for transport between different genetic environments and/or for expression in a host
cell. A vector that carries regulatory elements for transcription of the nucleic acid sequence (at
least a suitable promoter) is refarred to as an "an expression vector”. The terms “plasmid” and
“vector” may be used interchangeably. Expression vectors used in the context of the present

invention may be of any suitable type known in the art, e.q. a plasmid or a viral vector.

An additional aspect of the invention relates to methods for producing humanized recombinant
antibodies and compositions coamprising the antibodies of the invention. One embodiment of
this aspect of the invention relates to a method for producing an antibody as defined herein,
comprising providing a host cell capable of exprassing the antibody, cultivating said host cell

under conditions suitable for expression of the antibody, and isolating the resulting antibody.

In a further embodiment, the invention relates to a method for producing a recombinant
antibody composition comprising at teast one humanized recombinant anti-EGFR antibody, at
least one humanized recombinant anti-HERZ antibody and at least one humanized
recombinant anti-HERZ antibody, the method comprising:

providing at least first, second and third host cells, wherein the first host cell is capable
of expressing a recombinant anti-EGFR antibody of the invention, the second host call is
capable of expressing a recombinant anti-HERZ antibody of the invention, and the third host
cell is capabile of exprassing a recombinant anti-HER3 antibody of the invention,

cultivating the first, second and third host celis under conditions suitable for expression
of the anti-EGFR antibody, the anti-HER2 antibody and the anti-HER3 antibody, and

isolating the resulting antibodies.

An antibody or antibody composition of the present invention may be produced by methods
generally known in the art for production of recombinant monocional or polycional antibodies.
Thus, in the case of production of a single antibody of the invention, any method known in the
art for production of recombinant monocional antibodies may be used. For production of an
antibody composition of the invention comprising a mixture of antibodies, the individual
antibodies may be produced separately, i.e. each antibody being produced in a separate
bloreactor, or the individual antibodies may be produced together in single bioreactor. If the
antibody composition is produced in more than one bioreactor, the purified antibody
compaosition can be obtained by pooling the antibodies abtained from individually purified
supernatants from each bioreactor. Various approaches for production of a polyclonal antibody
compaosition in multipie bioreactors, where the cell lines or antibody preparations are combined
at a later point upstream or prior to or during downstream processing, are described in WO
2009/129814 (incorporated by reference).
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in the case of production individual antibodies in a single bioreactor, this may be performed
2.g. as described in WO 2004/061104 or WG 2008/145133 (both of which are incorporated
herein by reference). The method described in WO 2004/061104 is based on site-specific
integration of the antibody cading sequence into the genome of the individual host cells, while
the method of WO 2008/145133 involves an alternative approach using random integration to
produce antibodies in a single bioreactor.

Further information regarding methods suitable for preparing the antibodies and compositions

of the invention may be found in WO 2012/059857 (incorporated by reference).

Therapeutic comgpaositions

Ancther aspect of the invention is a pharmaceutical composition comprising as an active
ingredient an antibody or antibody composition of the invention. Such compositions are
intended for amelioration, prevention and/or treatment of cancer. The pharmaceutical
compaosition may be administered to a human or to a domestic animal or pet, but will typically

be administered to humans.

The ratio between the individual antibodies in a therapeutic composition of the invention, or, in
the case of individual antibodies of the invention being administered simultaneocusly,
sequentially or separately, will often be such that the antibodies are administerad in equal
amounts, but this need not necessarily be the case. Thus, a compasition of the invention
comprising two anti-EGFR family antibodies will often contain them in approximately a 1.1
ratio, and a composition comprising three anti-EGFR family antibodies will often contain them
in approximately a 1:1:1 ratio. Similarly, an antibody compaosition comprising six antibodies,
two against each of the receptors EGFR, HERZ and HERG, will often contain them in
approximately a 1:1:1:1:1:1 ratio. Depending on the characteristics of the individual
antibodies, however, it may be desirable to use non-equal amounts of the different antibodies.
Suitable ratios for the different anti-HER antibodies in compositions of the invention may be
determined as described in W0 2010/040356 (incorporated herein by reference), which
describes methods for identifying and selecting the optimal stoichiometric ratic between
chemical entities in a combinatorial drug product, e.g. a polvcional antibody compaosition, o

obtain a combinatorial drug with optimal potency and efficacy.

in addition to the humanized recombinant antibodies of the invention or binding fragments
thereof, the pharmaceutical composition will further comprise at least one pharmaceutically
acceptable diluent, carrier or excipient. These may for example include preservatives,
stabilizers, surfactants/wetting agents, emulsifying agents, solubilizers, salts for regulating the
osmatic pressure and/or buffers. Solutions or suspensions may further comprise viscosity-

increasing substances, such as sodium carboxymethviceliulose, carboxymethyiceliulose,
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dextran, polyvinvipyrrolidone or gelatin. A suitable pH value for the pharmaceutical
composition will generally be in the range of about 5.5 to 8.5, such as about 6 to 8, e.g. about

7, maintained where appropriate by use of a buffer.

Conventional pharmaceutical practice may be employed to provide suitable formulations or
compaositions to administer to e.q. cancer patients by conventional administration routes
known in the art. Similarly, the pharmaceutical compositions of the invention may be prepared
in a manner known per se for preparation of recombinant antibody compositions. For further

information on formulation, administration, etc., see PCT/IB2011/054834.

Therapeutic uses of antibodies and compositions of the invention

The antibodies and compositions of the present invention may be used for the treatment or
amelioration of a disease in a mammal, in particular treatment of cancer in humans. The term
“treatment” as usad herein refers to administration of an antibody or, preferably, antibody
compaosition of the invention in a sufficient amount to ease, reducs, ameliorate or eradicate
{cure) symptoms or disease states. Administration of two or more pan-HER antibodies of the
invention will generally be by way of simultanecus administration of the antibodies, preferably
in the form of a composition containing all of the pan-HER antibodies to be used for treatment.
However, it is also possible to administer two or more antibodies of the invention separately.
References herein to e.g. administration of a recombinant antibody compaosition comprising at
least two anti-HER family antibodies should therefore be understood as encompassing not only
administration of a composition comprising the at {east two antibodies as such, but also
separate administration of the antibodies. Combinations of two or more antibodies of the
invention can thus be administered simultaneously, sequentially or separately. One
embodiment of the invention is a method of preventing, treating or ameliorating one or more
symptoms associated with cancer in a human or other mammal, comprising administering an
effective amount of the pharmaceutical antibody compaosition of the present invention to said

mammal.

A particular embodiment relates to a method for treating a patient, typically a human patient,
with a disorder characterized by expression or overexpression of or dependency on any one or
more of the EGFR family receplors EGFR, HER2 and HER3, in particular cancer, the method
comprising administering to said patient a recombinant antibody compaosition or
pharmaceutical composition as defined herein. The term "HER dependency” refers to a cancer
call with dependency on one or more of the HER family receptors for maintaining malignant
properties such as proliferation, growth, motility, invasion, survival and/or chemo resistance.
Dependency may be caused by receptor overexpression, receptor mutations, autocrine growth

factor production, and/or cross-talk with other receptor systems.
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in a further embodiment, the invention relates to a method for reating cancer in a patient,
typically a human patient, having acquired resistance to treatment with an antibody and/or a
tyrosine kinase inhibitor (TKI), the method comprising administering to said patient an
effective amount of a recombinant antibody composition or pharmaceutical composition as

defined hersin.

Based upon a number of factors, the following tumaor types in particular may be indicated for
treatment with an antibody compaosition of the invention: breast, ovarian, gastric, colon,
rectum, prostate, bladder, pancreas, melanoma, head and neck, and non-small cell lung
cancer. Antibody compositions of the invention are contemplated to be particularly applicable
to treatment of cancers that gverexprass EGFR or HERZ, for example certain epithelial cancers

such as many breast cancers, ovarian cancers and gastric (stomach) cancers.

in one embodiment, antibody compositions of the invention are used to treat a patient with

pancreatic cancer. The patient may have a KRAS mutation.

In one embodiment, the patient has not been treated for cancer previously. In another
embodiment, the patient has been treated for cancer previously. The patient may have been
treated with cetuximab, trastuzumab, or pertuzumab previously. The cancer in the patient

may have acquired resistance to cetuximab, trastuzumab, or pertuzumab.

In connection with sach of these indications, two main clinical pathways are contemplated,
namely 1) adjunctive therapy in connection with at least one additional therapeutic treatment

or 2) as a monctherapy.

1) Adjunctive therapy: In adjunctive therapy, also known as combination therapy, patients will
be treated with antibodies of the present invention in combination with at least one additional
therapeutic treatment, typically a chemotherapeutic or antineoplastic agent and/or radiation
therapy. Alternatively or additionally, the composition of the invention may also be used in
combination with a different anti-cancer antibody, ¢.g. an antibody targeting VEGF. The
primary cancer targets listed above may thus be treated by administration of an antibody or
composition of the invention in addition to standard first line and second line therapy. Protocol
designs will address effectiveness as assessed e.g. by reduction in tumor mass as well as the
ability to reduce usual doses of standard chemotherapy. Such dosage reductions may allow
additional and/or prolonged therapy by reducing dose-related toxicity of the chemotherapeutic

agent.

By combining the antibody compositions of the invention with agents known to induce terminal
differentiation of cancer cells, the effect may be improved further. Such compounds may, for
example, be selected from the group consisting of retinoic acid, trans-retinoic acids, cis-
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retinoic acids, phenvibutyrate, nerve growth factor, dimethyl sulfoxide, active form vitamin
D3, peroxisome proliferator-activated receptor gamma, 12-O-tetradecanoyipharbol 13-
acetate, hexamethylene-bis-acetamide, transforming growth factor-beta, butyric acid, cyclic
AMP, and vesnarinone. Preferably, the compound is selected from the group consisting of

retinoic acid, phenyibutyrate, ali-trans-retinoic acid and active form vitamin D.

Pharmaceutical articles comprising an antibody composition of the invention and at least one
chemctherapeutic or antineoplastic compound may be used as a combination treatment for
the simultaneous, separate or successive administration in cancer therapy. The
chemctherapeutic compound may by any chemotherapeutic agent suitable for treatment of
the particular cancer in question, for example an agent selected from the group consisting of
alkylating agents, for example platinum derivatives such as cisplatin, carboplatin and/or
oxaliplating plant atkaids, for example paclitaxel, docetaxel and/or irinotecan; antitumor
antibiotics, for example doxorubicin {adriamycin}, daunorubicin, epirubicin, idarubicin
mitoxantrone, dactinomycin, bleomydin, actinomycin, luteomycin, and/or mitomycing;
topoisomerase inhibitors such as topotecan; and/or antimetabolites, for example fluorouracil

and/or other flucropyrimidines.

It is also contemplated that antibody composition of the invention may be used in adjunctive
therapy in connection with tyrosing kinase inhibitors. Thase are synthetic, mainly quinazoline-
derived, low molecular weight molecules that interact with the intraceliular tyrosine kinase
domain of receptors and inhibiting ligand-induced receptor phosphorylation by competing for
the intracellular Mg-ATP binding site. Several tyrosine kinase inhibitors that block HERZ kinase
are currently in dlinical development. Some of these also target EGFR or other EGFR family
receptors. For a review of thase TKis see Spector ef al. (2007} Breast Cancer Res. 9(2): 205.
Pharmaceutical articles comprising an antibody compaosition of the invention and at least one
TKI targeting HERZ2 may thus also be used as a combination treatment for the simultaneous,

separate or successive administration in cancer therapy.

in other embodiments, the antibody compaositions of the present invention may be used in
combination with other antibody therapeutics, e.g. an antibody against VEGF (e.g. Avastin®).
in vet other embodiments, the antibody compositions of the present invention may be used in
combination with an agent known to stimulate cells of the Immune system, such combination
treatment leading to enhanced immune-mediated enhancement of the efficacy of the antibody
compasitions of the invention. Bxamples of such immune-stimulating agents include

recombinant interfeukins {e.g. IL-21 and IL-2}.

2) Monotherapy: In connection with the use of the antibody composition in accordance with

the presant invention in monotherapy of tumors, the antibody composition may be
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administered to patients without concurrent use of a chemotherapeutic or antineoplastic

agent, i.e. as a stand-alone therapy.

Immunoconjugates

Another option for therapeutic use of the compositions of the invention is in the form of
immunoconjugates, i.e. antibodies conjugated to one or more anti-cancer agents. In particular
in the case of compositions of the invention that bind distinct epitopes, it is contemplated that
this may generate a cross-linked antibody-receptor lattice on the cell surface, theraby
potentially resulting in an increased level of receptor internalization as compared to the use of
a single monodlonal antibedy. Conjugation of one or more of the individual antibodies of such
a composition to one or more anti-cancer agents therefore has the potential to specifically and
effectively deliver the conjugated anti-cancer agents to the interior of tumor cells, thereby
augmenting the effect of the antibody compeosition of the invention to provide an improved

tumor cell-killing activity.

Various types of anti-cancer agents may be conjugated to the antibodies of the invention,
including cytotoxic agents (including conventional chemotherapy agents and other small
molecule anti-cancer drugs), cytokines (in which case the conjugate may be termed an
“mmunocyitokine”), toxinsg (in which case the conjugate may be termed an “immunotoxin”}
and radionudlides, and a few immunoconjugates have already been approved for clinical use.
These include Zevalin® (a murine anti-CD20 antibody conjugated to YY), Bexxar® (a murine
anti-CD20 antibody conjugated to 7)) and Mylotarg® (a humanized anti-CD33 antibody
conjugated to calicheamicin), Other immunoconjugates that have been tested in dinical trials
include antibodies conjugated to e.g. doxorubicin or a mavtansinoid compound. Immunotoxing
that have been tested in clinical trials include several antibodies conjugated to a truncatad
Pseudomonas exotoxin A, An immunocytokine comprising a humanized EpCAM antibody

conjugated to 1L-2 has also been tested.

in the case of antibodies of the invention conjugated to cvtotoxic agents, these may €.g.
belong to any of the major dasses of chemotherapy drugs, including atkylating agents (e.g.
carboplatin, cisplatin, oxaliplating, antimetabolites (e.g. methotrexate, capecitabine,
gemcitabine), anthracyclines (e.g. bleomycin, doxorubicin, mitomycin-C) and plant alkaloids
{e.g. taxanes such as docetaxel and paclitaxel, and vinca alkaloids such as vinblastine,
vincristine and vinorelbine)}. Since the use of immunoconjugates specifically directs the anti-
cancer agent to the tumors, and in particular to the interior of the tumor cells subsequent to
internalization, immunoconjugates based on the antibodies of the invention may
advantageously be based on highly cytotoxic agents such as calicheamicin or maytansine
derivatives, or on toxins such as bacterial toxins (e.g. Pseudomonas exotoxin A, diphtheria

toxin) or plant toxins (e.g. ricin).
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The conjugated anti-cancer agent in an immunoconjugate is generally linked to the antibody
by means of a labiie linker that is relatively stable in serum but which allows release of the
agent when the immunoconjugate is internalized into the target cell. Suitable linkers include,
for example, chemical linkers that are stable at neutral pH in serum but are subiected to acid
hydrolysis in the mildly acidic conditions within the lysosomes subsequent to internalization,
disulfide linkers that are cleaved by intracellular thiols, and peptide linkers that are stable in

serum but which are subjected to enzymatic cleavage in intracellular compartments.

Various conjugation arrangements can be envisioned in compositions containing two or more
antibodies of the invention. For exampile, with two antibodies it would be possible to conjugate
the antibodies o two or more different anti-cancer drugs or to conjugate one antibody 1o a
prodrug which is activated by an agent such as an enzyme conjugated to the other antibody.
The general concept of antibody-directed enzyme prodrug therapy (ADEPTY has been
described for monoclonal antibodies, where a prodrug is activated by an enzyme targeted to
the tumor by a mAB-enzyme conjugate, but the present invention may provide an opportunity
for tailoring this approach to particular conditions. It may thus be possibile to specifically

increase twmor cell killing while sparing or reducing damage to normal tissues.

For further information on anti-cancer immunoconjugates, see Wu et al. {2005) Nature
Biotechnofogy 23(9):1137-1146; Schrama et al. {2006) Nature Reviews/Drug Discovery

5:147-159; and Rohrer (2009) chimica oggl/Chemistry Today 27(5}:56-60.

Compositions of the invention comprising antibodies directed against two or more EGFR family
receptors may contain a single antibody in the form of an immunoconjugate, or they may
contain two or more antibodies in the form of an immunoconjugate, e.g. one or possibly two

mmunoconjugates targeting each of the receptors EGFR, HERZ and HER3G.

Paose and Route of Administration

The antibody compaositions of the invention will be administered in an effective amount for
treatment of the condition in question, i.e. at dosages and for periods of time necessary o
achieve a desired resuit. A therapeutically effective amount may vary according to factors such
as the particular condition being treated, the age, sex and weight of the patient, and whether
the antibodies are being administered as a stand-alone treatment or in combination with one

or more additional anti-cancer treatments.

An effective amount for tumor therapy may be measured by its ability to stabilize disease
progression and/or ameliorate symptoms in a patient, and preferably to reverse disease
progression, £.g. by reducing tumor size. The ability of an antibody or composition of the
invention to inhibit cancer may be evaluated by in vitro assays, e.4. as described in the

examples, as well as in suitable animal models that are predictive of the efficacy in human
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tumaors. Suitable dosage regimens will be selected in order to provide an optimum therapeutic
response in each particular situation, for example, administered as a single bolus oras a
continuous infusion, and with possible adjustment of the dosage as indicated by the exigencies

of each case.

While specific dosing for antibodies in accordance with the invention has not vet been
determined, certain dosing considerations can be determined through comparison with a
similar product (2.g. @ monocional antibody directed against HER2 or EGFR) that has been
approved for therapeutic use. It is thus contemplated that an sppropriate dosage of an
antibody composition of the invention will be similar to the recommended dosage for the anti-
HERZ monoclonal antibody trastuzumab (Herceptin®) or the anti-EGFR monocional antibody
panitumumab (Vectibix®}. Depending on the particular condition, Herceptin® is administered
{(by way of infusion) for treatment of breast cancer at either an initial dose of 4 myg/kg and
subsequent weekly dosas of 2 mg/kg, or an initial dose of 8 mg/kg and subsequent doses of &
mg/kg every three weeks, while Vectibix® is administered at a dose of 6 mg/kg every 14

days.

It is conternplated that a suitable dose of an antibody compaosition of the invention will be in
the range of .1-100 mg/kyg, such as about 0.53-50 mag/kg, €.g. about 1-20 mg/lkg. The
antibody composition may for example be administered in a dosage of at least 0.25 mg/kg,
&.q. at least 0.5 mg/kg, such as at least 1 mg/kg, e.g. at least 1.5 mg/kg, such as at least 2
mg/ kg, e.g. at least 3 myg/kg, such as at least 4 mg/kg, e.g. at least 5 mg/kg; and e.g. up to
at most 50 mg/kg, such as up to at the most 30 mg/kg, e.g. up to at the most 20 mg/kg, such
as up to at the most 15 mg/kg. Administration will normally be repeated at suitable intervals,
&.g. once every week, once every two weeks, once every three weeks, or once every four
waaks, and for as long as deemed appropriate by the responsible doctor, who may optionally

increase or decrease the dosage as necessary.

Three distinct delivery approaches are contemplated for delivery of the antibodies of the
invention. Conventional intravenous delivery will presumably be the standard delivery
technigue for the majority of tumors. However, in connection with tumaors in the peritoneal
cavity, such as tumors of the ovaries, biliary duct, other ducts, and the like, intraperitoneal
administration may prove favourable for obtaining high dose of antibody at the tumor and to
minimize antibody clearance. Similarly, certain solid tumeors possess vasculature that is
appropriate for regional perfusion. Regional perfusion may allow the obtainment of a high dose
of the antibody at the site of a tumor and minimise short term clearance of the antibody.

As with any protein or antibody infusion-based therapeutic product, safety concerns are
related primarily to (i) cytokine release syndrome, i.e. hypotension, fever, shaking, chills, (i)

the development of an immunogenic responss to the protein {i.e. development of human
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antibodies by the patient to the recombinant antibody product), and (iil) toxicity to normal
cells that express the HER family receptors, e.g. many epithelial cells. Standard tests and

follow-up procedures are utilised to monitor any such safety concerns.

Diagnostic Uses and Compositions

The antibodies of the present invention also are useful in diagnostic processes (e.q., in vitro,
ex vivo). For example, the antibodies can be used to detect and/or measure the level of
EGFR, HERZ, or HER3 in a sample from a patient {e.g., a tissue sample, or a body fluid sample
such as an inflammatory exudate, blood, serum, bowel fluid, saliva, or urine). Suitable
detection and measurement methods include immunciogical methods such as flow cytometry,
enzyme-linked immunosaorbent assays (ELISA), chemiluminescence assavs,
radicimmunoassay, and immunchistology. The invention further encompasses kits (e.g.,

diagnostic kits) comprising the antibodies described herein.

Unless otherwise defined, all technical and scientific terms usead herein have the same
meaning as commonty understood by one of ordinary sldll in the art to which this invention
belongs. Exemplary methods and materials are described below, although methods and
materials similar or equivalent to those described herein can also be used in the practice or
tasting of the present invention. All publications and other references mentioned herein are
incorporated by reference in their entirety. In case of conflict, the presant specification,
including definitions, will control. Although a number of documents are cited herein, this
citation does not constitute an admission that any of these documents forms part of the
common general knowledge in the art. Throughout this specification and embuodiments, the
word “comprise,” or variations such as "comprises” or "comprising” will be understood to imply
the inclusion of a stated integer or group of integers but not the exclusion of any other integer
or group of integers. The materials, methods, and examples are illustrative only and not

intended to be limiting.

The following examples are meant to illustrate the methods and materials of the present
invention. Suitable modifications and adaptations of the described conditions and parameters
normally encountered in the art which are obvious to those skilled in the art are within the
spirit and scope of the present invention. The terms “antigen-binding fragment” and “antigen-

binding portion” are used interchangeably herein.
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EXAMPLES

Example 1: Humanization of chimeric antibodies

Identification of acceptor frameworks and critical positions for mutation
The method chosen for the humanization was based on complementarity determining region
(COR) grafting followed by back mutation of critical residues using a combinatorial library

approach, where all combinations of up to 13 back mutations were evaluated simultaneously.

The CDRs of the donor murine antibodies were grafted inte the dlosest human V-region
acceptor frarmeworl, which was found by comparing the V region amingo acid sequences of the
donor antibodies with the human germiing repertoire of V and J region sequences (IMGT
reference directory). The closest germiine V and J regions identified for each antibody are

shown in Table 5 below.

For 1277¥L, the dosest human germiine V-region was IGKV2-30*02. However, since the
IGKV2 family is rarely usad in the human repertoire, a second acceptor framework was also
selected from the IGKV1 family. Each of the two frameworks were used for generation of a VL

back mutation library and combined with the single 1277 VH bacl mutation library.

Since CDR grafting alone may not be sufficient to recreate the binding specificity and affinity,
and thus biclogical activity, of a rodent antibody, back mutations may have to be introduced at
critical positions. Potentially critical positions include those that are somatically hypermutated
in the donor antibody, positions that may be in direct contact with the antigen or influencing
CDR structure (structure determining rasidues or Vernier zone residues), positions in the
VH/VL interface or responsible for the VH/VL packing angle, and positions that are oceupied by
statistically rare (as compared to the antibody repertoire) or structurally unfavorable residues.
These positions can be identified using information avallable in the literature and in antibody
databases {e.q., Padlan (1994} Mol.Immunol. 31: 169-217; Honegger and Plickthun (2001)

3. Mol Biol. 309: 657-670; hitp://www.bioc.uzh.ch/antibody; Martin and Thornton (1996)
J.Mol.Biol.. 263: 800-815; hitp://www.bicinf.org.uk/abs/; Foote and Winter {1992) 1.Mol.Biol.
224: 487-499), or by performing structural modeling of the in silico grafted sequence. A
combination of these two approaches was used to identify potentially critical positions for back

mutation in each of the antibodies.

in addition to the back mutation positions, exposed unwanted seguence maotifs in the CDRs
were also identified. These motifs included sites for asparagine deamidation {Asn-Gly},

aspartate isomerization (Asp-Gly) and methionine oxidation. The identified sequencse motifs
were altered by conservative substitution or replacement with a frequently occurring aming

acid residue at one of the positions (as opposed to back mutation to the murine sequence).
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A maximum of 13 critical positions were identified and included in the library design for each
antibody (Table 5). The number of positions was selected on the basis of the size of the
resulting back mutation libraries. For example, if 13 positions are varied between two different
amino acids {e.g. human or murine residue) this vields 8192 variants when combined into one
molecular library. The location of the identified positions in each antibody is shown in the
appended sequence listing, where amino acid residues indicated by "Xaa” are potentially

critical positions selected for mutation.

Table 5: Design of Hbraries for humanization

Library Heavy chain human germiine Light chain human germiine
{specificity} genes and number of positions | genes and number of positions
for mutation for mutation
v 3 Number of |V 3 Number of
critical critical
positions™® positions™
1277 (EGFR) 3-48*03 5*01 4 1-39*03 4*01 9
1277A (EGFR) 3-48¥%03 6*01 4 2-30%02 4*01 )
1565 (EGFR) 1-46*03 4*01 10 1-13*¢2 4*(1 3
4384 (HER2) 1-46*(3 5*01 & 1-33%01 4% 5
4517 (HER2) 3-21*%02 &*{1 5] 1D-39*01 4*(1 7
5038 (HER3) 4-31%03 4*01 7 1-33*01 1*01 6
5082 (HER3) 4-31%03 4*31 & 1D-39*01 4*01 7

*Number of positions where back mutations were introduced or unwanted sequence motifs altered.

Generation of back mutation libraries

Back mutation libraries for sach VH and VL0 sequence ware synthesized by PCR gene assembly
of overlapping DNA oligos spanning 60-80 base pairs of the sequeance. The light chain constant
region was added by overlap extension PCR to generate full-length light chain genes.
Molecular libraries of humanized antibody variants were prepared by sub-cloning of the VH and
light chain libraries for each antibody into 38 mammalian expression vector followed by
transient expression of individual antibody variants in HEK223 cells in 384-well format as
described elsewhere (Meiljer et al. (2009} Methods Mol Biol. 525:261-77). Expression

supernatants were harvested and used Tor screening.

Off-rate screening of humanization librarvies
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The library expression supernatants were screened in a sandwich ELISA emploving IgG
capture by anti-human IgG Fg¢ coated at low density followed by detection with monovalent
biotinviated antigen. This ELISA setup allowed for sensitive and reliable ranking of binding
affinity without interference from avidity effects or varying expression levels of individual
clones. In total, 24 384-well plates were used for each library screening, corresponding to
8832 individual wells and a library sampling of approximately 1 (p=0.65 for retrieving a
distinct library member). 5 i of each library expression supernatant was incubated with
noated anti-human IgG Fe capture antibodies at 4°C overnight to ensure that all supernatants,
regardless of antibody expression level, reached equilibrium binding. Next, wells were washed
and bictinvlated antigen (human EGFR, HERZ2 or HER3; Sino Biclogical, Beijing, P.R. China;
biotinylated in-house)} was added at a concentration previously determinad to be sufficient for
saturation of the chimeric antibody standards. The plates were washed and the antigen was
allowed to dissociate from the captured antibodies for a predeterminad time interval
depending on the measured dissociation of the chimeric parent antibody standard. Finally,
streptavidin-peroxidase polymer {Sigma) was added and the plates were developed using

TMB-plus substrate (Kem-En-Tec Diagnostics, Taastrup, Denmari].

Approximately 100 hits from sach library that vislded an OD signal similar to or higher than
that of the chimeric parent antibody were subjected to off-rate ranking using an Octet®
QK384 instrument {Fortebio, Menlo Park, CA). Protein G biosensors (Fortebic) were used for
capturing of antibody from 40 pl of expression supernatant followed by incubation with human
or cynomolgus antigen at 200 nM. Human antigens were obtained from Sino Biologicals and
cynomolgus antigens were produced in-house by transient expression in CHO or HEKZ93 celis
(Koefoed et al. (2011) mAbs, 3:6, 1-12). Subsequently, the biosensors were incubated in PBS
and the dissociation of antigen was recorded for 20 min bto allow for a reliable determination of
the dissociation rates. The responses were globally fitted to a Langmuir 1:1 binding model for
calculation of dissociation constants. Qverall, multiple hits from each library were found to
have dissociation rates from both human and cynomolgus antigen similar to or slower than

that of the parent antibody.

Sequence analysis

Plasmids encoding the hits selected for off-rate ranking were subjected to DNA sequencing
{(MWG Biotech, Ebersberg, Germany), and the obtained sequences were aligned and compared
to the in sifice generated CDR-grafted V regions. Alignments of selected hits are shown in
Figures 1-6. All the hits from the screening of the initial libraries based on antibodies 1277 and
1565 were found to have retained the deamidation site (Asn-Gly) in CDRL1L and CDRH2,
respactively, thus indicating the importance of the motif for the interaction with the target.
However, only a single replacement mutation (Asn to Ser) was attempted in both cases, and it
is quite likely that binding variants devoid of the sequence molif can be generated by

saturated mutagenesis of one or both positions that make up the motif. Screening of the
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libraries generated by PCR-based saturated mutagenesis of the deamidation sites vielded hits
devoid of this unwanted sequence motif (Figure 1 and 2). Poltently binding antibody variants

devoid of unwanted sequence motifs were found in all the other libraries.

Between four and ten hits from each library screening were selected on the basis of retained
or improved binding to human and cynomaolgus antigen, the number of back-mutations and
absence of unwanted seguence motifs for expression in larger scale and purification by protein
A chromatography. One of the humanized variants, antibody 110086, was found to have a
fortuitous mutation in CORL1 {(I129T; SEQ ID NO:13 and Figure 6) that was not part of the
library design, but was nevertheless selected for expression due to improved dissociation rate

and removal of an aspartate isomerization site in CDRH2.

Kinetic binding analysis of humanized variants by surface plasmon resonance

Kinetic binding analysis of the purified humanized variants was performed on a ProteOn™
XPR36 biosensor (BioRad, USA) emploving an IgG capture assay as described by Canziani et
al. (Anal. Biochamn. {2004) 325:301-307) that allows for measurement of antibody affinities of
whole 1gG molecules against soluble antigen under monovalent conditions. Briefly,
approximately 5000 resonance units (RU) of a monoclonal mouse anti-human IgG Fc antibody
(GE Healthcare, Denmark) was conjugated to a GLC chip surface {BioRad, USA) according to
the manufacturer’s instructions, followed by capture of individual antibodies of the invention or
a negative control on the anti-Fo sensor surface. The densities of captured antibodies were
optimized for each clone, so that the binding of the highest antigen concentration employed in
the assay did not excesd ~30 RU. Next, 250 ul monovalent antigen (Sino Biologicals) was
infected at a flow rate of 50 pl/min in serial threefold dilutions from 100 nM stock to generate
response curves, The chip surface was regenerated batween cycles by stripping the captured
antibody/antigen complexeas off the surface with a 10-second injection of 3 M MgCh (GE
Healthcare, Denmark) repeated three times. Finally, binding responses weare fitted to a
Langmuir 1:1 binding model for calculation of the on-rate {kon or ka), off-rate {koff or kd) and
affinity (KD} constants using double referencing. The results of the kinetic binding analvysis
show that the selected variants have retained or even improved affinity for the human and

cynomealgus antigen as compared to the chimeric parent antibodies (Table 6).

Table 6: Binding affinity of chimeric parent antibodies and humanized antibodies

Ab Source library | Human antigen Cynomolgus antigen

I (specificity) Vi (M7s7) [k (57) | Ko (M) | Ko (M8 | Ka(5") | Ko (M)

1277 | chimeric 9.4E+05 3.5E-04 | 3.7E-10 | 6.6E+05 3.98-04 | 5.98-10
{EGFR}

10292 | 1277 (EGFR) 1.5E+06 4.8E-04 { 3.2E-10 | 7.9E4+05 2.7E-04 | 3.5E-10

10460 | 1277A (EGFR) 1.3E+06 5.3E-04 | 4.18-10 | S.7E4+05 52E-04 | 5.3E-10

11284 | 1277A (EGFR) 3.4E+05 1.8E-04 | 5.3E-10 | 3.7E+05 2.1E-04 | 5.6E-10
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1565 | chimeric 1.7E+06 5.8E-04 | 3.5E-10 | 5.BE405 1.6E-02 | 2.8E-0B
(EGFR)

10560 | 1565 (EGFR) 1.7E+06 4.6E-04 | 2.7E-10 | 8.9E+05 2.7E-03 | 3.1E-09

11302 | 1565 (EGFR) 4 9E+05 G 6E-05 | 2.06-10 | 4.26+05 4.9E-04 | 1.26-09

4384 | chimeric 4 OE+05 3.0E-04 | 7.5E-10 | 1.8E+05 5.0E-04 | 2.9E-09
(HERZ)

10704 | 4384 (HER2) 3.6E+05 1.4E-04 | 3.9E-10 | 1.9E405 Z.7E-04 | 1.4E-09

11249 | 4384 (HERZ) 226405 1.1E-04 | 5.0E-10 | 1 5E+405 3.8E-04 | 2.5E-00

4517 | chimeric 2 6E+05 2.9E-04 | 1.1E-09 | 2.3E+05 8.6E-04 | 3.7E-09
{HERZ)

11145 | 4517 (HER2) 1.27E405 | 1.24E- | 9.8E-10 | 5.36+04 6.3E-04 | 1.26-08

014

5038 | chimeric 3.0E+05 4.8E-04 | 1.6E-09 | 4.6E+05 4.1E-04 | 8.98-10
(MER3)

10738 | 5038 (HER3) 2 BE+05 1.9E-04 | 7.56-10 | 5.4E+05 2.96-04 | 5.4E-10

10810 | 5038 (HER3) 1.9E+05 2.06-04 | 1.1E6-09 | 4.7E+05 3.46-04 | 7.16-10

5082 | chimeric 9.1E+05 7.3E-05 | 8.0E-11 | 1.7E+06 1.6E-04 | 9.8E-11
(HERZ)

11006 | 5082 (HER3) 7.4E+05 <2E-6 | ND# 1.5E406 8.7E-05 | 5.9E-11

11052 | 5082 (HER3) 8.76405 1.6E-04 | 1.BE-10 | 1.3E406 2.6E-04 | 1.9E-10

*KD couid not be determined due to a very slow off-rate. Estimated t0 be in the picomolar range.

In vitro functional evaluation of humanized variants

Humanized antibody variants were tested for functional effect in a viability assay in
combination with a chirmeric “partner antibody” in an antibody mixture containing two
antibodies against different epitopes of a particular target (where “partner antibody” refers to
the fact that antibody 1277 variants (anti-EGFR) were tested together with the chimeric anti-
EGFR antibody 1565, antibody 4384 variants (anti-HER2) were tested in combination with the
chimeric anti-HERZ antibody 4517, and so forth) to determine if the functional synergy
between the two antibodies targeting the same receptor was preserved after humanization.
Each humanized variant was tested in two cell lines and compared to the parental mixture of
two chimeric antibodies and to a negative control antibody. The cell lines used were selected
on the basis of their previously determined receptor-dependency, .., A431NS epidermoid,
H358 non-small cell lung , and FaDu head and neck cancers for EGFR, OE19 esophageal and
BT474 breast cancer for HER2, and MDA-MB-175 VII and MCF-7 breast cancer for HER3.
In addition, a combination of six humanized variants (11294, 11302, 11249, 11145, 10738
and 11052; Humanized Pan-HER) was tested in a number of cell lines and compared to the
combination of the six chimeric antibodies (1277, 1565, 4384, 4517, 5038 and 5082; Chimeric
Pan-HER}). The cell lines used, N87 gastric, FaDu head and neck, A431NS epidermoid, OE1S
esophageal, HN5 head and neck, MDA-MB-175 VII breast and MFE-280 endometrial cancer,
were selected on the basis of their previously determined dependency on the HER family
recaplors.
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Prior to performing the viability assay the appropriate antibodies and antibody mixtures were
diluted to a final total antibody concentration of 100 pg/mi in appropriate media supplemented
with 0.5-2% FBS and 1% P/S {penicillin/streptomycin), yielding a final total antibody
concentration of 50 pg/mi in the well containing the highest antibody concentration. A
threefold serial dilution of the antibodies was then performed in a 384-well plate, followed by
addition of relevant numbers of cells ta the experimental wells. The MCF-7 cells were also
stimulated with 1 nM heregulin beta. The plates were incubated for 4 days in a humidified
incubator at 37°C. WST-1 reagent (Roche Applied Science, Mannheim, Germany) was added to
the plates and the plates were incubated for 1-3 h at 37°C. Plates were transferred to an
orbital plate shaker for one h and the absorbance was measured at 450 and 220 nm
(reference wavelength) using an ELISA reader. The percentage of metabolically active cells

{(MAC) is calculated as a percentage of the untreated control as follows:

e } exp. — b i , A
% IAC _[ (ODexp.— ODmedium)

AN

%100

\

(ODumreaz‘, —ODmedivm})

The in vitro activity of selected humanized antibody variants is shown in Figures 7-15 and 17-
18. The results show that all of the selected humanized variants display an anti-proliferative
effect when combinad with their chimeric or humanized partner that is very similar to the
effaect of the relevant mixture of the two chimeric parent antibodias. Furthermors, the
combination of six humanized variants also displays an effect very similar to the effect of the

combination of the six chimeric parent antibodies (Figure 20).

Specificity of humanized variants (Cross-reactivity)

The chimeric parent antibodies and selected humanized variants were tested for binding to
EGFR, HERZ and HER3 from hurnans, cynomolgus monkeys and mice, as well as human and
muring HER4, to determine whether the humanization had introduced any changes in the

cross-reactivity pattern.

Antibody-antigen binding was measured by ELISA with coated antigens. Human antigens were
obtained from Sino Biologicals. All other antigens were produced in-house by transient
exprassion in CHO or HEK293 cells. Chimeric and humanized antibodies, as well as an isotype
control antibody, were incubated with the coated antigens at different concentrations. After
wash, bound antibodies were detected by HRP- (horse radish peroxidase)-conjugated
secondary antibodies. The OD signal from 40 nM antibody, measured at 450 nm using an

ELISA reader, was scored from negative (-; 0D<0.1) to strongly positive (+++; OD>2.5).

The resulls, shown in the table in Figure 16, demonstrate that cross-reactivity between the

respective human and cynomolgus antigens is conserved in all humanized antibody variants,
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and that no new reactivity to members of the epidermal growth factor receptor family has

been introduced.

Summary and conciusions

A number of humanized variants of the chimeric anti-EGFR, anti-HER2 and anti-HER3
antibodies disclosed in PCT/IB2011/054834 were produced by screening of COR-grafted
libraries generated by back mutation of potentially critical frameworle positions and in some
cases by alteration of unwanted CDR sequence motifs. Approximately 100 hits from each
library selected for binding affinity to the relevant target antigen were subjected to off-rate
ranking, and variants with a dissociation rate similar to or slower than that of the parent
chimeric antibody were selected and sequenced. Between four and ten hits from each library
screening were selected on the basis of retained or improved binding o human and
cynomolgus antigen, number of baclk-mutations and absence of unwanted seguence motifs for
larger scale expression and purification. Selected purified humanized antibody variants were
subjected to a kinetic binding analysis to determine binding affinity to human and cynomolgus
antigen, to in vitro functional analysis in a viability assay in combination with a chimeric
pariner antibody binding to a different epitope of the same receptor, and to a cross-reactivity

assAY.

EFach of the humanized variant antibodies 10292, 10460, 11294, 10560, 11302, 10704,
112449, 11145, 10738, 10810, 11006 and 11052 were found to exhibit Tunctional properties
that were very similar to those of the original chimeric parent antibody from which they were
derived, including:

¢ similar or higher binding affinity;

¢ similar or slower dissociation rate;

¢ hinding to the same human and cynomolgus antigen combined with lack of binding to

the mouse antigen or to other EGFR family receptors; and
¢ highly similar anti-proliferative effects in two different cell lines when tested in a

functional in vitro assay in combination with the chimeric partner antibody.

These results thus demonstrate that the humanized antibody variants of the invention have
functional characteristics that are highly similar to the respective parent chimeric antibodies
from which they are derived. This strongly suggests that mixtures of the humanized antibodies
of the invention, e.g. mixtures containing one or two such antibodies against each of the EGFR
family receptors EGFR, HERZ2 and HER3, can be expected to demonstrate anti-cancer effects in
vivo that are similar to the effects of the mixtures of the parent chimeric antibodies described
in PCT/IB2011/054834.
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EXAMPLE 2: Two monocional antibodies against non-overiapping epitopes on EGFR,
HERZ2 or HERS3 display synergistic in vitre growth inhibitory activity and effectively
induce targetl down-reguiation

Antibodies against non-overlapping epitopes on EGFR (i.e., 1277 and 1565), HERZ {i.e., 4384
and 4517), and HER3 (i.e., 5038 and 5082} as llustrated in Figure 21A, were tested for their
ability to inhibit the growth and proliferation of the cancer cell lines A431NS, HCC202, and
MDA-MB-175-VII, respectively, using a viability assay. Antibody treatments consisted of
antibodies to each receptor administerad either alone or in the following combinations: 1277
and 1565 mbdure, 4384 and 4517 mixture, and 5038 and 5082 mixture. Cellular damage will
inevitably result in loss of the ability of the cell to maintain and provide energy for metabolic
cell function and growth. Metabolic activity assays are based on this premise and usually
measure mitochondrial activity. The Cell Proliferation Reagent WST-1 (Roche Cat. No 11 644
807 001) is a ready-to-use substrate that measures the metabolic activity of viable cells. Itis
assumed that the metabolic activity correlates with the number of viable cells. In this
axample, the WST-1 assay was used to measure the number of metabolically active cells after

treatment of cancer cells with different concentrations of antibodies for 96 hours.

Prior to performing the WST-1 assay, the appropriate antibodies and antibody mixes were
dituted to a final total antibody concentration of 100 yg/mi in appropriate media supplemented
with 2% of FBS and 1% P/S vielding a final total antibody concentration of 50 pg/ml in the
well containing the highest antibody concentration. A threefold serial dilution of the antibodies
was then performed. Relevant numbers of cells were then added to the experimental wells in
a 384-well plate. The plates were incubated for 4 days in a humidified incubator at 37°C.
WST-1 reagent was then added to the plates and the plates were incubated for one hour at
37°C. Plates were transferred to an orbital plate shaker for one hour and the absorbance was
measured at 450 and 620 nm (reference wavelength) using an ELISA reader. The amount of
metabolically active cells (MAC) is calculated as a percentage of the untreated control as

follows:

{ {ODexp.~ ODmedin} )

AQDuntret. ~ Dmedial)

x 106

The in vitro effects of antibody treatment showed that mixtures of antibodies are superior
to the individual antibodies to each of the three HER receptors tested (Figure 218).
Furthermore, analysis of EGFR, HERZ and HER3 levels in cell lysates isolated from antibody
treated A431INS, HCC2GZ and MDA-MB-175-VII cells {20 ug/mi total antibody for each
treatment for 48 hours) by Western Blot analysis showed that antibody treated celis exhibited
reduced levels of EGFR, HERZ and HER3 compared to untreated cells (Figure 21C).

This example demonstrates that two antibodies against EGFR, HERZ or HER3 dispiay

synergistic in vitro growth inhibitory activity and effectively induce target down-regulation.
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EXAMPLE 3: Pan~-HER is broadiy inhibitory in a2 large number of cell lines of different
tissue origin and genetic background

Mixtures of antibodies against non-overiapping epitopes on EGFR, HER2, and/or HER3 were
tested for their ability to inhibit the growth and proliferation of & broad range of cancer cell
fines. The effects of treatment with Pan-HER {a mixture of six monocional antibodies against
EGFR, HERZ and HER3; antibodies 1277, 1565, 4384, 4517, 5038, and 5082), antibody
mixtures targeting two HER family members (i.e., EGFR and HERZ2, EGFR and HER3, and HERZ
and HER3}, and antibody mixtures targeting one HER family member {i.e., EGFR, HERZ and
HER3) were measured in the following cell ines: HNS, MDA-MB175-VII, HCC827, NR7,
A431INS, FaDu, OELS, SWo4B, BT474, RMG-1, TEL1l, GEG, H358, CALU-3, H292, HCC202,
LS1747, ZR-75-30, H1975, KYSES2(, AlJ-565, CAPAN-1, IGR-0OVL, OE33, PK-1, CFPAC-1,
BxPC3, A431, SW1463, COLOETS, HB20, COLOABON, ASPCE, HCC1937, HE61, MFE-280,
OVCAR-3, OVCAR-5, SK-BR-3, SW403, OVCAR-8, RLS5-2, RMUG-S, SWS37, T84, CAPAN-2,
GP5d, CaC02, BY20, MDA-MB-468, DU145, A54%9, CAL-120, EBCL, HI993, H226, HEC-108,
LoVo, Panc08.13, RT-112, U2-08, DLD-1, SKOV3, H460, KATOIEL, MDA-MB-134-VI, MKN-45,
PANC-1, RT-4, SNU-16, A2058, MCF7, sW480. Characterization of the receptor
phosphorviation {evels of EGFR, HER2 and HER3 in these 73 cell lines using PathScan RTK
Signaling Antibody Arrays (Cell Signaling Technology) demonstrated elevated HER family
activation (Figure 22).

Effects of antibody treatments in over 70 cancer cell linas {out of more than 100 cell lines
tasted)} on metabolic activity were determined after 96 hours incubation using a similar WST-1
assay as described in Example 2. Resuits showed that Pan-HER is broadly inhibitory in a large
nurmnber of cancer cell lines of different tissue origin and genetic background in the presence of
Heregulin (Figure 24), EGF (Figure 25}, or neither ligand (Figure 23). “EGFR" refers fo a
mixture of antibodies 1277 and 1565, “"HERZ" refers to a mixture of antibodies 4384 and
4517, “HER3" refers to a mixture of antibodies 5038 and 5082, "EGFR+HER2" refers to a
mixture of antibodies 1277, 1565, 4384, and 4517, "EGFR+HER3Y refers to a mixture of
antibodias 1277, 1565, 5038, and 5082, "HERZ2-+HER3” refars to a mixture of antibodies
4384, 4517, 5038, and 5082. “Pan-HER” refers to a mixture of antibodies 1277, 1565, 4384,
4517, 5038, and 5082. These results further demonstrated that simultaneous targeting of
three receptors provided broader efficacy than targeting of a single receptor or any

combination of two receptors in the HER family.

EXAMPLE 4: Pan-HER effectively inhibits ligand-induced proliferation

To determine if antibody mixtures are efficacious in the presence of EGFR and HERS3
ligands, antibodies mixtures against oneg, two or three HER family receptors were tested for
their ability to inhibit the growth and proliferation of pancreatic cancer cell lines in the
presence of Heregulin, EGF, or neither ligand. The effects of treatment with Pan-HER (a
mibxture of six monocional antibodies against EGFR, HERZ and HER3J,; antibodies 1277, 1565,

4384, 4517, 5038, and 5082}, antibody mixtures targeting two HER family members (i.e.,
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EGFR and HERZ, EGFR and HER3, and HERZ and HER3), and antibody mixtures targeting one
HER family member (i.e., EGFR, HERZ and HER3) were measured on the following cell lines:
CAPAN-1, PK-1, CFPAC-1, BxPC 3, ASPC1, CAPAN-2, Panc(8.13, PANC-1, KP4, MiaPaca-2 and
PSN1). The mutation status of these cell lines is shown in Figure 26. The ability of antibodies
mixtures against one, two or three HER family receptors to inhibit the growth and proliferation
of a wide variety of cancer cell lines in the presence of Heregulin, EGF, or neither ligand was
also tested (Figures 23-25). Cells were exposead to medium containing antibodies and ligands
for 96 hours (ligand and antibody were added simultaneously to the celis). Meatabolic activity
was determined after 96 hours incubation using a similar W5T-1 assay as described in
Example 2. “EGFR” refers to a mixture of antibodies 1277 and 1565, "HER2" refersto a
mixture of antibodies 4384 and 4517, "HER3" refers to a mixture of antibodies 5038 and
5082. "EGFR4+HER2Z” refers to a mixture of antibodies 1277, 1565, 4384, and 4517.
"EGFRAHER3” refers to a mixture of antibodies 1277, 1565, 5038, and 5082. “"HER2+HER3”
refers to a mixture of antibodies 4384, 4517, 5038, and 5082. Pan-Her exhibitad effective

inhibition of a wide variety of cancer cell lines in the presence of EGF or Heregulin,

EXAMBLE 5: Pan~-HER maintains inhibitory effect in cells with acquired resistance to
approved therapeutic antibodies

Pan-HER {2 mixture of six monocdional antibodies against EGFR, HER2 and HER3; antibodies
1277, 1565, 4384, 4517, 5038, and 5082) was tested for its ability to inhibit the growth and
profiferation of HNE, OE19 and MDA-MB-175-VII cell lines or cell pools with acquired
resistance to cetuximab, trastuzumab, or pertuzumab, respectively. Cetuximab resistant HNS
cell lings were generated as described in Example 11, Trastuzumab resistant OELD cells and
pertuzumab resistant MDA-MB-175-VII cells weare established by exposing parental cells to
increasing concentrations of trastuzumab [10-100 ya/mi] and pertuzumab [1-50 pg/mi]
respectively, during a period of eight months and 12 months respectively. Cells ware split once
or twice a week in order to keep cells in expotential growth. The level of resistance was tested
avery month in a WST-1 viability assay as described in Example 2, until a pool of resistant
cells was established. Single cell clones of trastuzumab resistant OE19 cells were generated
through limited dilution cloning of the acguired trastuzumab resistant pool of OE19 cells as

described in Example 11.

Metabolic activity was determined after 96 hours incubation using a similar WST-1 assay as
described in Example 2. Pan-HER-treated resistant cells as well as parental cells exhibited
reduced levels of metabolic activity (Figure 28). In contrast, metabolic activity was reduced in
parental HN5, OE19 and MDA-MB-175-VII cells, but unaltered in resistant clones treated with
cetuximab, trastuzumab, or pertuzumab, respectively. This example demonstrates that Pan-
HER maintains inhibitory effect in cells with acquired resistance to approved therapeautic

antibodies.
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EXAMPLE &: Pan~-HER effectively prevents compensatory receptor up-reguiation in
vitre

To determine if compensatory receptor up-regulation occurs as a result of treatment with
antibody mixtures of the present invention, EGFR, HERZ and HERS3 levels were measured in
whaole cell fysates from H292 and OVCARS cell lines after antibody treatment (20 yg/mi) for 48
hour by western biot analysis. The effects of treatment with Pan-HER (& mixture of six
monocional antibodies against EGFR, HERZ2 and HERS,; antibodies 1277, 1565, 4384, 4517,
5038, and 5082) and antibody mixtures targeting one HER family membaer (i.e., EGFR
(antibodies 1277, 1565, or 12774+1565), HERZ (antibodies 4384, 4517, or 4384+4517) and
HER3 {antibodies 5038, 3082, or 3038+5082)) were determined. B-Actin was used as a
loading control. Results showed that anti-EGFR treatment lead to HERZ upregulation in H292
celis (Figure 29, top; cetindmab lane, 1277, 1565, and 1277 +1565 lanes), and anti-HERG
treatment lead to HERZ up-regulation in OVCAR-8 (Figure 29, bottom; MM-121 lane, 5038,
5082, and 5038 + 5082 lanes), while Pan-HER treatment lead to the downregulation of EGFR,
HERZ and HER3 {(Figure 29; Pan-Her lanes). These resulls demonstrated that Pan-HER
affectively induced simultanecus down-regulation of all three targets and prevented

compensatory receptor up-regulation, a potential mechanism for acquiring resistences.

EXAMBLE 7: Synergistic effect of targeting multiple HER family receptors in BxPC-3
{pancreatic cancer) xenograft model

To evaluate the efficacy of antibody mixtures against EGFR, HERZ, HER3 and combinations
of two and three receplor targets in xenograft model of human cancer, BxPC-3 (pancreatic
cancer) xenograft models were treated with antibody mixtures and the effect on tumor size
assaved.

In this assay, BxPC-3 pancreatic cancer cells were inoculated into mice. In brief, 5x106
BxPC3 cells were inoculated subcutaneously into the left flank of eight to ten week old female
athvmic nude mice. Tumors were measured thrice weekly with calipers and tumor volume in
mm3 was calculated according to the formula: (width)? x length x 0.5. At an average tumor
size of 140 mm" the mice were randomized and treatment initiated. The mice were treated
with thrice weelly intraperitoneal injections of 50 mg/kg (10 injections in total) followed by an
obsservation period. Graphical representations of tumor volume data were presented as means
+ SEM.

Results showed that Pan-HER (antibodies 1277, 1565, 4384, 4517, 5038, and 5082}
effectively suppressed tumor growth in the BXPC-3 xenograft mode! (Figure 30; N=7/group;
treatment period indicated by the light grey area on the graph). A clear synergy was observed
when targeting EGFR and HER3 as well as EGFR and HERZ, with the former combination being
most efficient at controlling growth of the BxPC3 tumor xenografts. "EGFR” refers to a
mixture of antibodies 1277 and 15685, “HERZ2” refers to a mixture of antibodies 4384 and
4517. “HER3” refers to a mixture of antibedies 5038 and 5082, “EGFR+HER2” refers to a

mixture of antibodies 1277, 1565, 4384, and 4517. “EGFR+HER3” refers to a mixture of
68



[y

w

20

35

49

WO 2013/164689 PCT/IB2013/001027

antibodies 1277, 1565, 5038, and 5082. “HERZ+HER3Z” refers to a mixture of antibodies
4384, 4517, 5038, and 5082. “Pan-HER” refers to a mixture of antibodies 1277, 1565, 4384,
4517, 5038, and 5082. Furthermore, EGFR and HERZ down-requlation by Pan-HER in vivo
was confirmed by immuneohistochemistry on tissue sections from tumors resected 3 days after

withdrawal of treatment (Figure 31).

EXAMPLE &: Synergistic effect of targeting multiple HER family receptors in Calu-3
{NSCLL) xenograft model

To evaluate the efficacy of antibody mixtures against EGFR, HERZ2, HER3 and combinations of
two and three receptor targets in xenograft maodels of human cancer, the Calu-3 (NSCLC)
xenogratt model were treated with antibody mixtures and the effect on tumor size assavyed.
In this assay, Calu-3 NSCLC cells were inoculated into mice. In brief, Ix107 Calu-3 cellis were
inoculated subcutaneously into the left flank of eight to ten week old female athymic nude
mice. Tumors were measured thrice weeldy with calipers and tumor volume in mm3 was
calculated according to the formula: (width)2 x length x 0.5. At an average tumor size of 170
mim3 the miicg were randomized and treatmeant initiated. The mice were treated with thrice
weakly intraperitonsal injections of 50 mg/kg (8 injections in total}. Graphical representations

of tumor volume data were prasented as means = SEM.

Results showed that Pan-HER {antibodies 1277, 1565, 4384, 4517, 5038, and 5082}
affectively suppressed tumor growth in the Calu-3 xenograft model {Figure 32; N=5/group;
treatment period indicated by the light grey area on the graph). The results show a synergistic
gffect of targeting EGFR, HERZ and HER3Z simultansuously whereas no clear synergy could be
observed when targeting EGFR and HER2 or EGFR and HER3 compared to the anti-turmnor
response of EGFR mono-targeting. "EGFR” refers to a mixture of antibodies 1277 and 1565.
THERZ" refers to a mixture of antibodies 4384 and 4517, "HER3" refers to a mixture of
antibodies 5038 and 5082, "EGFR+HERZ” refers to a mixture of antibodies 1277, 1565, 4384,
and 4517, “EGFR+HER3" refers to a mixture of antibodies 1277, 1565, 5038, and 5082.
"HERZ+HER3” refers to a mixture of antibodies 4384, 4517, 5038, and 5082. "Pan-HER”
refers to a mixture of antibodies 1277, 1565, 4384, 4517, 5038, and 5082.

EXAMPLE 9: Pan-HER effectively prevents compensatory receptor up-regulation in
vive

To determine if prevention of compensatory receptor up-regulation occurs in vivo as a
result of treatrent with antibody mixtures of the present invention, EGFR, HER2 and HER3
levels were measured in antibody-treated BxPC-3 tumor lysates by Western Biot analysis. The
effects of treatment with Pan-HER {a mixture of six monocional antibodies against EGFR, HER2
and HER3; antibodies 1277, 1565, 4384, 4517, 5038, and 5082), antibody mixtures targeting
two HER family members (i.e., EGFR and HERZ, EGFR and HER3, and HERZ and HER3), and

antibody mixtures targeting one HER family member {i.e., EGFR, HER2 and HER3) were
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determined. B-Actin was used as a loading control. Resuits showed that anti-EGFR treatment
lead to EGFR downreguiation (Figure 33 top), anti-HERZ treatment lead to HER2
downregulation (Figure 33 top), and anti-HER3 treatment lead to HERS downregulation {Figure
33 top). Relative quantification of the Western blot band intensities showed that HERZ was
significantly up-regulated in response to anti-HER3 treatment {(Figure 33, bottom). In
contrast, Pan-HER treatment resulting in the simultaneous and effective downregulation of
EGFR, HERZ and HER3 (Figure 33 top; green boxes and Figure 33 bottom). “EGFR” refers to a
mixture of antibodies 1277 and 1565, “HER2" refers to a mixture of antibodies 4384 and
4517, "HER3" refers to a mixture of antibodies 3038 and 5082, "EGFR+HER2" refers to a
mixture of antibodies 1277, 1565, 4384, and 4517, "EGFR+HER3” refers to a mbxture of
antibodies 1277, 1565, 5038, and 5082. “HERZ4+HER3” refers to a mixture of antibodies
4384, 4517, 5038, and 5082. "Pan-HER” refers to a mixture of antibodies 1277, 1565, 4384,
4517, 5038, and 5082.

This example demonstrated that Pan-HER is capable of effectively inducing simultansous
down-regulation of all three targets and preventing compensatory receptor up-regulation in

Vivo.

EXAMBLE 10: Synergistic effect of targeting multiple HER family receptors in patient~
derived KRAS mutated pancreatic tumor Xenggraft models

To evaluate the in vivo efficacy of antibody mixtures against EGFR, HER2, HER3 and
combinations of two and three receptor targets, patient-derived tumor xenograft models of
KRAS mutated pancreatic cancer (START Discovery, San Antonio, TX) were treated with
antibody mixtures and the effect on tumor size assaved.

In this assay, patient-derived pancreatic cancer cells were inoculated into mice. In brief,
viable resected patient tumor material was implanted in immunocompromisad mice and
serially passaged in vivo. At a tumor volume of 100-200 mm3, animals were randomized into
treatment and control groups and dosing was initiated. Dosing schedule: 50 mg/kg Lp. three
times weekly, 10 doses in total {day 0-20). N=5/group. Data are presented as means + SEM,
Asterix indicates first day with p<0.05. The statistically significant difference in treatment
response between the groups was maintained throughout the study period.

Results showed that Pan-HER effectively suppressed tumor growth in hard-to-treat patient-
derived models of pancreatic cancer. (Figure 34; N=5/group). Furthermaore, deconvolution
studies revealed strong synergy of EGFR and HERZ targeting in the ST179 xenograft model
and of EGFR and HER3, and to a lesser extent of EGFR and HERZ, targeting in the §T383
xenograft maodel (Figure 35; N=7-8/group; treatment period indicated by the light grey area
on the graph). "EGFR” refers to a mixture of antibodies 1277 and 1565. “HERZ" refers to a
mixture of antibodias 4384 and 4517. “HER3” refers to a mixture of antibodies 5038 and
5082, “EGFR+HERZ2” refers to a mixture of antibodies 1277, 1565, 4384, and 4517.
“EGFR+HER3” refers to a mixture of antibodies 1277, 1565, 5038, and 5082. "HERZ2+HER3”
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refers to a mixture of antibodies 4384, 4517, 5038, and 5082. “Pan-HER” refers to a mixture
of antibodies 1277, 1565, 4384, 4517, 5038, and 5082.

Table 7: Patient-derived xenograft models of pancreatic cancer

Exlotini Ceat.
Modal KBAS mut. | p53 mut. ? resm. Gther
resistan {20
t myg /ka)
ST383 G1ZD wi Yes ND
§T204 512D wh ND PD
ST334 612D R273C Yes PD Trastuzumab
resist.
S5T385 G120 52458 Yes PD
5TE0LC G120 K120R Yes ND
S5TE05R G1i2D R273C Yes ND
STs021 G12R e No ND
ST17¢ G12v wi ND ND
$TS064 512V Y234C ND ND
ST1gH G128 wt Yes PG

wt: wild-type, PD: Progressive disease, ND: Not determined.

EXAMPLE 11: Acguired Cetuximab resistant HNS clones show decreased total levels
of EGFR together with high EGFR activity

Cetuximab resistant HN5S clones were established by exposing parental HNS cells to
increasing concentralons of cetuximab [1-160 yg/mi] during a period of six months. Cells
were split twice a week in order to keep cells in expotential growth. The leval of resistance to
catuximab was tested every month in a WST-1 viability assay as described in Example 2 until
a pootl of cetuximab resistant cells was established. Single cell clones were generated through
limited dilution cloning of the acquired cetuxdmab resistant pool of HNS cells. 0.5 celis/well
were plated in 384 well plates. Growth and proliferation of single cell colonies was followed
using Novartis Cellavista Imager. The most resistant individual clones, HN5 CR2, HN5 CRg,
HMS CR13, and HNS CR14, were selected for further characterization (Figure 36).

Viabilty:

The level of cetuximah resistance of individuat clones HNS CR2, HNS CR8&, HNS CR13, and
HNS CR14 was tested in a WST-1 viability assay as previously described in Example 1. Briefly,
cells were treated with cetuximab at a range of concentrations and assaved 96 hours later.
Unlike parental NH5 cells, resistant clonas were viable with increasing concentrations of

cetuximab treatment (Figure 37).

Cetuximab binding to fixed cells:

The binding strength of cetuximab to parental HN5S and resistant clones HNS CR2, HN5 CRes,
HN5 CR13, and HN5S CR14 was determined. Binding curves were generated by plotling
fluorescence signals that were normalized to the number of cells {DRAG-5 staining) and

cetuximab concentrations.  The results demaonstrate that while half-maximal binding (i.e.,
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EC50 value) of cetuximab was unaitered, maximal binding was decreased in the resistant

clones compared to parental cells {(Figure 38).

EGFR Expression and Signaling:

The relative surface levels of EGFR were determined in parental HNS and resistant clones
HNS CR2, HN5 CR6&, HNS CR13, and HNS CR14. Briefly, cells were stained with anti-EGFR-
FITC (abcam, #11400) or an isotype control {(abcam, #18446) and the relative fluorescence of
live ceils quantified by flow cytometry. The relative surface levels of EGFR were lower in
cetindmab resistant HN5S clones compared to the parental cells (Figure 39).

The response of cetuximab resistant clones to EGF stimulation was tested. The total levels
of EGFR, levels of phosphorylated EGFR and downstream signaling molecules were determined
in parental HNS and resistant clones HNS CR2, HNS CRo, HNS CR13, and HN5 CR14. Parental
HNS cells and cetuximab resistant clones HNS CRZ, HN5 CRs, HNS CR13, and HN5 CR14 were
untreated or stimulated with 1nM EGF for 15 min before harvesting. Lysates were fractionated
on SDS-PAGE foliowed by Western Blotling for EGFR, the phosphorylated EGFR species pEGFR
{(Tyri068), pEGFR(Tyr1045), pEGFR(Tyr1i73), pEGFR(TYr992), pEGFR{Thr669), and
pEGFR{Ser1046/1047), and the signalling molecules AKT, pAKT (Serd73), ERK1/2,
pERKI/2(Thr202/Tyr204) (Figuras 40 and 41). B-Actin was used as a loading control. Results
showed that the total levels of EGFR and phosphorylated EGFR were fower in cetuximab
resistant HNS clones compared to the parental cells (Figure 40}, The results also showed a
decreased level of pEGFR(Seri46/1047) in the cetuximabh resistant clones, indicating that the
feedback mechanism regulating EGFR is lass active in the cetuximab resistant clones (Figure
40). Stimulation with BEGF induced a stronger activation of pAKT and pERK1/2 in the
cetuximab resistant clonas compared to parental HNS cells {(Figure 41). Together, thess
results demonstrate that EGFR is still active in the cetuximab resistant clones, although EGFR

axprassion is decreased compared to parental HNS cells,

EXAMPLE 12: Antibody mixtures targeting EGFR overcome cetuximab resistance
through efficient EGFR internalization followed by degradation of the receplor

A mixture of antibodies targeting non-overlapping epitopes on EGFR was tested for its
ablility to partially overcome the cetuximab induced resistance in cetuximab resistant HNS
clones HNS CRZ and HN5S CR14. Parental HNE, HN5 CRZ, and HN5 CR14 cells were treated
with EGFR-LNA™ (EGFR targeting Locked Nucleic Acid, Exigon), Cetuximab or EGFR-Zmix
{(antibodies 1277 and 1565) for 48 hours. Growth and proliferation was measured using a
WST-1 assay as described in Example 2 and guantification of the effects were plotted with
data points representing a mean +/- SEM (n=4) (Figure 42). EGFR-LNA, and EGFR-2mix hoth
induced a similar reduction in cell viability. These results demonstrated that a mixture of

antibodies targeting non-gverlapping epitopes on EGFR partially overcame the cetuximab
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induced resistance and that the cetuximab resistant clones remain dependent on EGFR for
growth and profiferation (Figure 42).

The levels of EGFR in cells treated with EGFR-LNA, cetuximab or EGFR-2mix for 48 hour
was determined by fractionating cellular lysates on a SDS-PAGE followed by Western Blotting
for EGFR. The results showed that efficient EGFR internalization followed by lvsosomal
degradation of the receptor was induced in antibody treated resistant celis (Figure 43}, and
thus providing a mechanism for the ability of the antibody mixture targeting EGFR overcome

cetuximab resistance.

EXAMPLE 13; Cetuximab resistant HNS clones escape treatment through HER3 and
IGFiIR

The observed level of inhibition of the rasistant clones by the anti-EGFR mixture did not,
however, induce as efficient growth inhibition as in the parental cells, suggesting that
alternative receptor tyrosing kinases (RTKs) may be involved in the mechanism of acquired
cetindmab resistance. To test the role of HERS activity in parental NH5 and resistant clones
HNS CRZ, HN5 CR6, HNS CR13, and HN5 CR14, cells were treated with a mixture of two EGFR
antibodies (antibodies 1277 and 1565}, a mixture of two HER3 antibodies {antibodies 5038
and 5082}, a mixture of two EGFR and two HER3 antibodies (antibodies 1277, 1565, 5038 and
5082), or cetuximalb for 48 hours. Growth and proliferation was measurad using a WST-1
assay as described in Example 2 and quantification of the effects were plotted with data points
representing as a mean +/- SEM (n=8). The results showed superior effects of the mixture
containg antibodies targeting both HER3 and EGFR compared to effects induced by the EGFR
antibody mixture alone. These results support the hypothesis of involvement of alternative
RTKs in the acquired cetuxirnab resistance (Figure 44). The dose response curves of parental
HNS and resistant HNS CR2 celis to the antibody mixtures are shown in Figure 454 and B.

The involvement of HER3 in the acquired resistance to cetuximab shown here indicates the

plasticity of the RTK family as a mechanism of acquired resistance to cetuximab in vitro.

Table 8: Sequences of seiected chimeric antibodies

Antibody 1277: VH nuciectide sequence

cgegecgaag tgeagetgal ggagictggg ggaggettag tgaagectygg agagtectly

aaactctect gtgeagecte tggattegat ttcagitact ctgacatate ttgggticae

cagacteegy agaagaggct qgagtgggate geatacatga ghaghgetgg tgatagtcace

tictattcag acactgtgaa gagcegatic accatctcca gagacaatge caagaacace

ctgtatetge aagigageag tetgaagict gaggacacag ceatatatta ctgtgtaags

caccgggacyg tggotatgga ctactggggt caaggaacct cagtcacegt cteg (SEQ ID NO: 14)

Antibody 1277: VH amino acid sequence

Arg Ala Glu Val Gin Leu Val Glu Ser Gly Gly Gly Leu Val Lys Pro
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Gly Glu Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Ala Phe Ser
Tyr Ser Asp Met Ser Trp Val Arg Gin Thr Pro Glu Lys Arg Leu Glu
Trp Val Ala Tyr Met Ser Ser Ala Gly Asp Val Thr Phe Tyr Ser Asp
Thr Val Lys Gly Arg Phe Thr Tle Ser Arg Asp Asn Ala Lys Asn Thr
Leu Tyr Leu Gin Val Ser Ser Leu Lys Ser Glu Asp Thr Ala Ile Tyr

Tyr Cys Vali Arg His Arg Asp Val Ala Met Asp Tyr Trp Gly Gin Gly

Thr Ser Val Thr Val Ser (SECG ID NO: 15)

Antiboady 1277 light chain nucleotide sequence

ctagecgatg ttgtgatgac ccagacteca choteoctge cigtragtct tggagalicaa
goctecatet ctigragate tagicagage ctigtacaca gtaatggaaa cacctatita
cattggtacce tgcagaagoe aggocagtct ccaaagetec tgatctacaa agittccaac
cgattttcty gggloecaga cagaticagt ggeagtggat cagggacaga tiicacacte
aagatcagcea gagtggagge tgaggatetg ggagtittalt tetgetetca aagtacacat
gitccgacgt tegatggagg caccaagetg gaaatcaaac gaactgtgge tgeaccatct
gictteatct teocgeeatc tgatgageayg ttgaaatctyg gaactgecte tgtigigloc
ctgctgaata actictatoe cagagaggec aaagtacagt ggaaggtgga taacgeocic
caateggota acteccagga gagtglcaca gageaggaca graaggacag cacctacage

ctcageagea coctgacgct gagoaaagea gactacgaga aacacaaagt ctacgectge

gaagtcacce atcagggect gagetegeee gteacaaaga geticaacag gggagagigt (SEQ ID NO:

Antibody 1277: light chain aming acid seguence

Leu Ala Asp Val Val Met Thr Gin Thr Pro Leu Ser Lau Pro Val Ser
Leu Gly Asp GiIn Ala Ser e Ser Cys Arg Ser Ser Gin Ser Leu Val
His Ser Asn Gly Asn Thr Tyr Leu His Trp Tyr Leu Gin Lys Pro Gly
Gin Ser Pro Lvs Leu Leu Ile Tyr Lys Val Ser Asn Arg Phe Ser Gly
Val Pro Asp Arg Phe Ser Gly Ser Gly Ser Gly Thr Asp Phe Thr Leu
Lys He Ser Arg Val Glu Ala Glu Asp Leu Gly Val Tyr Phe Cys Ser
Gin Ser Thr His Val Pro Thr Phe Gly Gly Gly Thr Lys Leu Glu le
Lys Arg Thr Val Ala Ala Pro Ser Val Phe Hle Phe Pro Pro Ser Asp
Glu Gin Leu Lys Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn
Phe Tyr Pro Arg Glu Ala Lys Val Gin Trp Lys Val Asp Asr Ala Leu
Gin Ser Gly Asn Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lvs Asp
Ser Thr Tyr Ser Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr
Glu Lys His Lys Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser
Ser Pro Val Thr Lys Ser Phe Asn Arg Gly Glu Cys {(SEQ ID NGO: 17)

Antibody 1565: VH nudieotide sequence
ggcgegocaa gatocaactg caacagtcty ggactgaatt ggtgaagect ggggeticag

tgatacigic ctgltaaggoc totggcetaca cottcancag ctactiggaty cagtgggatga
74
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ageagaggec tggacaagge ctitgagtggs thtggaaatat taatectage aatgotggaa
ctagtitcaa tgaggagitc aagagtagqg ceacactgac tgtagacaaa tectecagta
cagectacat geaactecage agectgacat ctgaggacte tgegghctat tatighgeaa

cagtctegag (SEQ ID NO: 18)

Antibody 1565: VH amino acid sequence

Arg Ala Glu Val Gin Leu Gin Gin Ser Gly Thr Giu Leu Val Lys Pro
Gly Ala Ser Val Ile Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr
Ser Tyr Trp Met Gin Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu
Trp lle Giy Asn He Asn Pro Ser Asn Gly Gly Thr Ser Phe Asn Glu
Glu Phe Lys Ser Arg Ala Thr Leu Thr Val Asp Lys Ser Ser Ser Thr
Ala Tyr Met Gin Lau Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr
Tyr Cys Ala Arg Asp Gly Gly Leu Tyr Asp Gly Tyr Tyr Phe Asp Phe
Trp Gly Gln Gly Thy Thr Leu Thr Val Ser {SEQ ID NQ: 19)

Antibody 1565: light chain nucleotide sequence

grtagecaac attgtgatga cacagictea caaaticatg tecacatiaa taggagocay
ggtctecate acctgcaagg ccaglcagga tgtggatacg getgtagect ggtatcaaca
gaaaccaggl caatclocta aattattaat tatigggea tecaccegge acactggagt
cectgatege tteacaggea gtggatctgg gacagatite totcteaceg ttageaatgt
geagtctgag gacttaacag attatttctg tcageaatal ageagcetate cictcacgtt
cggtgotggg accaagelag agetgaaacy aactgigget geaccatety tetteatett
cecgecatet gatgageagt tgaaatetgg aactgectal gltgtgtgec tgotgaataa
ctictateee agagaggeca aagtacagty gaaggtggat aacgecctee aategggtaa
cteccaggag agigicacag ageagaacag caaggacage acctacagee teageageac
cetgacgelg ageaaageag actacgagaa acacaaaghc tacgectigeg aagteaceea
tcagggecty agetegeceg tcacaaagag cttcaacagy ggagagtott astasgegge
cge {SEQ ID NO: 20)

Antibody 1565: light chain amingo acid sequence

Leu Ala Asn Tle Val Met Thr Gin Ser His Lys Phe Met Ser Thr Leu
Hle Gly Ala Arg Val Ser Hle Thr Cys Lys Ala Ser Gin Asp Val Asp
Thr Ala Val Ala Trp Tyr Gin Gln Lys Pro Gly Gin Ser Pro Lys Leu
Leu [le Tyr Trp Ala Ser Thr Arg His Thr Gly Val Pro Asp Arg Phe
Thr Gly Ser Gly Ser Gly Thr Asp Phe Ser Leu Thr Val Ser Asn Val
Gin Ser Glu Asp Leu Thr Asp Tyr Phe Cys Gin Gin Tyr Ser Ser Tyr
Pro Leu Thr Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Thr Val
Ala Ala Pro Ser Val Phe lle Phe Pro Pro Ser Asp Glu Gin Leu Lys

Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg
75



[y

w

20

35

49

WO 2013/164689 PCT/IB2013/001027

Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn
Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser
Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr
Lys Ser Phe Asn Arg Gly Glu Cys {SEQ ID NQO: 21)

Antibody 4384 VH nucleotide sequence

caggtgeage tgecageagee tggracagag ctggtgaaac ctggegecte cgtgaagety
toctgeaagg ceteeggeta caccticaco teocantgga tgeactgggt gaaacanegyg
cetggacagg gectggaaty getoggeaan atcaaccoct cCaanggegy caccaactac
aacgagaagt tcaagloceg ggecaceotyg acogtggaca aggoctecte cacegentac

atgragcetol cctocctgac cteccgaggac teegengtgt actactgege cagagoctac

tacgactica gtiggttcgt gtactgggge cagggeacce tggtgacagt cteg (SEQ ID NGO: 22)

Antibody 4384 VH amino acid sequence

Gin Val Gin Leu GiIn Gin Pro Gly Thr Glu Leu Val Lys Pro Gly Ala
Ser Val Lys Leu Ser Cys Lys Ala Ser Gly Tyr Thr Phe Thr Ser His
Trp Met His Trp Val Lys Gin Arg Pro Gly Gin Gly Leu Glu Trp lle
Gly Asn Ile Asn Pro Ser Asn Gly Gly Thr Asn Tyr Asn Glu Lys Phe
Lys Ser Arg Ala Thr Leu Thr Val Asp Lys Ala Ser Ser Thr Ala Tyr
Met Gin Leu Ser Ser Leu Thr Ser Glu Asp Ser Ala Val Tyr Tyr Cys
Ala Arg Ala Tyr Tyr Asp Phe Ser Trp Phe Val Tyr Trp Gly Gin Gly
Thr Leu Val Thr Val Ser (SEQ ID NO: 233

Antibody 4384: light chain nucleotide sequence

gatatccaga tgacceagac cltectecage ctgtecgedd cectgggega cagagtgace
atctectgee ggtectecea ggacateter aactacctga actggtatea geagaaacee
gacggeaceg tgaagetget gatgtacate tceeggetge actecggegt goectecaga
tictecgget ctgactoegg caccgaghtac tooctgacca teageaacat ggaacaggaa
gatatcogeta cctactictyg tcageaggae aacaccectqe coctgacett cggegetggc
accaagetag aactgaageg gacegtggee geteecteeg tgtieatatt cocaccctee
gacgaqeage tgaagltecgg cacegecter gtoggtgtgec tgctgaacaa citctacece
cgegaggoeca aggtgeagtg gaaggtggac aacgeectye agteeggeaa cteccaggas
teegtgaceg ageaggacic caaggacage acctacteoe fglectecac cctgacecty
tcraaggeeg actacgagaa geacaagatg tacgectgeg aagitgaccca cragggecty
tecageceeg tgaccaagic citcaaccgg ggegagtge (SEQ ID NO: 24)

Antibody 4384: light chain amingc acid sequence
Asp Ile Gin Met Thr GIn Thr Ser Ser Ser Leu Ser Ala Ser Leu Gly

Asp Arg Vai Thr e Ser Cys Arg Ser Ser Gin Asp e Ser Asn Tyr
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Leu Asn Trp Tyr Gin Gin Lys Pro Asp Gly Thr Val Lys Leu Leu Met

Tyr He Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe Ser Gly Ser

Gly Ser Gly Thr Glu Tyr Ser Leu Thr e Ser Asn Leu Glu Gin Glu

Asp Ile Ala Thr Tyr Phe Cys Gin Gin Gly Asn Thr Leu Pro Leu Thr

Phe Gly Ala Gly Thr Lys Leu Glu Leu Lys Arg Thr Val Ala Ala Pro

Ser Val Phe lie Phe Pro Pro Ser Asp Giu Gin Leu Lys Ser Gly Thr

Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg Glu Ala Lys

Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn Ser Gin Glu

Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser Ser

Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr Ala

Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr Lys Ser Phe

Asn Arg Gly Glu Cys (SEQ 1D NO: 25)

Antibody 4517 VH nuclestide sequence

gaaglgcage tggtggaatc tggeggegac ctggigaaac ctggrggete cctgaagelg
tectgegeey octocggett cacctictee agetacggea tgtoctgggt gegactgace
cecgacaage ggctggaatyg ggtggeaace atctecggeg gaageiocta cacctactac
cecgactecg tgaagggecg gtcaccate teccgggata fogecaagio cacectgtac
ctgcagatgt cclcectgaa gtecgaggac accgergtgt actactgege cocggaaggac
aactacggea attacggraa getgaoctac tggggecagyg goaccteogt gacagtcteg (SEQ ID NO: 26)

Antibody 4517: VH amino acid sequence

Glu Val Gin Leu Val Glu Ser Gly Gly Asp Leu Val Lys Pro Gly Gly
Ser Leu Lys Leu Ser Cys Ala Ala Ser Gly Phe Thr Phe Ser Ser Tyr
Gly Mat Ser Trp Val Arg Leu Thr Pro Asp Lys Arg Leu Glu Trp Val
Ala Thy Lle Ser Gly Gly Gly Ser Tyr Thr Tyr Tyr Pro Asp Ser Val
Lys Gly Arg Phe Thr Tle Ser Arg Asp He Ala Lys Ser Thr Leu Tyr
Leu Gin Met Ser Ser Leu Lys Ser Glu Asp Thr Ala Val Tyr Tyr Cys
Ala Arg Lys Gly Asn Tyr Gly Asn Tyr Gly Lys Leu Ala Tyr Trp Gly
Gin Gly Thr Ser Val Thr Val Ser {(SEQ ID NO: 27)

Antibody 4517: light chain nuclectide sequence

gatalccaga tgacecagte cocegectee ctgtecgtgt cigltggaega gacagtgace
atcacctgte gggectoega gaacatctac tecaacctqg cctggtatca geaggaacag
ggcaagtece cecageigct ggtgtacgee gecaccaate tggecgangg cgtgeecice
agattctecg gotctgacte cggeacecag tacteoctga agateaactc cctgeagiee
gaggacticg gctectacta ctgecagea tietggggea cococtggac citeggoegga
ggcaccaage tggaaatcaa geggacegig googeteect cegigticat clitocracce
tcrgacgage agotgaagic cggeaccgec toegltggtat gectgeigaa caactictac

cocCgogagg craaggigea giggaaggly gacaacgeoe tgeagageny taacteccag
77



[y

w

20

35

49

WO 2013/164689 PCT/IB2013/001027

gaatccgtga cegageagga ctecaaggac ageacctact cectgtecte cacectgace
ctgtecaagg cogactacga gaageacaag ghgtacgect gogaaglgac coaccaggye

ctgtccagece coglgaccaa glecttcaac cggagegagt go (SEQ ID NO: 28)

Antibody 4517: light chain amino acid sequence

Asp Ile Gin Met Thr Gin Ser Pro Ala Ser Leu Ser Val Ser Val Gly
Glu Thr Val Thr He Thr Cys Arg Ala Ser Glu Asn Hle Tyr Ser Asn
Leu Ala Trp Tyr Gln GIn Glu Gin Gly Lys Ser Pro Gin Leu Leu Val
Tyr Ala Ala Thr Asn Leu Ala Asp Gly Val Pro Ser Arg Phe Ser Gly
Ser Gly Ser Gly Thr Gin Tyr Ser Leu Lys e Asn Ser Leu Gin Ser
Glu Asp Phe Gly Ser Tyr Tyr Cys Gin His Phe Trp Gly Thr Pro Trp
Thr Phe Gly Gly Gly Thr Lys Leu Glu He Lys Arg Thr Val Ale Ala
Pro Ser Val Phe He Phe Pro Pro Ser Asp Glu Gin Leu Lys Ser Gly
Thr Ala Ser Val Val Cys Lau Leu Asn Asn Phe Tyr Pro Arg Glu Ala
Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gln Ser Gly Asn Ser GIn
Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyr Ser Leu Ser
Ser Thr Leu Thy Leu Ser Lys Ala Asp Tyr Glu Lys His Lys Val Tyr
Ala Cys Glu Val Thr His Gln Gly Leu Ser Ser Pro Val Thr Lys Ser
Phe Asn Arg Gly Glu Cys (SEQ ID NO: 29}

Antibody 5038: VH nuclectide sequence

cgogecgagg tgaagetggt tgagicagga cotggecteg tgaaacctic teagletcty
tetcteaccet getctgteac tggcetactee atcaccagtg gittttactg gacciggate
cggeagtitc caggeaacaa atiggaatayg atgggcetica taagetacga tggtageaat
aactacaacce catctctcaa aaatcgaatc tecatcacte gigacacatc taagaaccag
ttittectga agttgaatic tgtgactact gaggacacag ccacatatta ctgtgeaaga
gocggaggacet actatggtaa cctatltgac tactgggged aaggeaceac teteacagie
tega {(SEQ ID NO: 30)

Antibody 5038: VH amino acid sequence

Arg Ala Glu Val Lys Leu Val Glu Ser Gly Pro Gly Leu Val Lys Pro
Ser Gin Ser Leu Ser Leu Thr Cys Ser Val Thr Gly Tyr Ser lle Thr
Ser Gly Phe Tyr Trp Thr Trp lie Arg Gin Phe Pro Gly Asn Lys Leu
Glu Trp Met Gly Phe e Ser Tyr Asp Gly Ser Asn Asn Tyr Asn Pro
Ser Leu Lys Asn Arg He Ser Ile Thr Arg Asp Thr Ser Lys Asn Gin
Phe Phe Leu Lys Leu Asn Ser Val Thr Thr Glu Asp Thr Ala Thr Tyr
Tyr Cys Ala Arg Gly Gly Gly Tyr Tyr Gly Asn Leu Phe Asp Tyr Trp
Gly Gin Gly Thr Thr Leu Thr Val Ser (SEQ ID NO: 31)

Antibody 5038: light chain nuclectide sequence
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ctagecgata ttgtgatgac tcaaactaca toctecatgt cogectetel gggagacaga
gicaccatea gitgeaggee aagteagaac attageastt atgtaasacty gittcageag
aaaccagate gaactgtiae gotectgate tecacacat caagattaca cteaggagte
ceatcaaggat tcagiggeag tggatetaoa acagatiatt ctetcaccat tageacectg
gaacaggaag atattgecat ttactitige caacaggoata thacgettoe ghggacgtic
gotggeggca coaagetgga aatasaacga actgtggetg caccatetat citeatclte
cegecatetg atgageagtt gaaatotgga actgoctotg tgtgigect getgaataac
ttctatcoca gagagorcaa agtacaglgg aaggltggata acgaoccteca ategagtaac
tocraggaga gtgtcacaga geaggacage aaggacagoa cctacagaoct cageagrace

ctgacactge geaaancaga clacgagaaa cacaaagict acgertgega aglicacocat

cagggectga getegocngt cacaaagage Heaacagag gagagigtta ataagegger {(SEQ ID NO:

Antibody 5038: light chain aming acid saguence

Leu Ala Asp Hie Val Met Thr GiIn Thr Thr Ser Ser Leu Ser Ala Ser
Leu Gly Asp Arg Val Thr lle Ser Cys Arg Pro Ser Gin Asp lle Ser
Asn Tyr Val Asn Trp Phe GIn Gin Lys Pro Gly Gly Thr Val Lys Leu
Leu lle Phe His Thr Ser Arg Leu His Ser Gly Val Pro Ser Arg Phe
Ser Gly Ser Gly Ser Gly Thr Asp Tyr Ser Leu Thr lle Ser Thr Leu
Glu Gin Glu Asp He Ala Ile Tyr Phe Cys Gin Gin Gly He Thr Leu
Pro Trp Thr Phe Gly Gly Gly Thr Lys Lau Glu He Lys Arg Thr Val
Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp Glu Gin Leu Lys
Ser Gly Thr Ala Ser Val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg
Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu Gin Ser Gly Asn
Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tyvr Ser
Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
Val Tyr Ala Cys Glu Val Thr His Gin Gly Lau Ser Ser Pro Val Thr
Lys Ser Phe Asn Arg Gly Glu Cys (SEQ ID NO: 333

Antibody 5082: VH nuciectide sequence

cgegecgaas tgeagetgaa goagleaggs catggectog tgaaacctie teagtatetyg
tetcteacct gotctgteac cggetactoee atcaccagty cttattactyg gaactggate
cgaeagtite caggaaacaa aghtggaalgg atgggetaca taggelacga tgghogtaat
acctacaace calcictcaa aaategaate tecalcacte gigacacate taagaaceag

tttttectga aatlgaatic tetgactact gaggacacag ccacatatta tgittcaaga

32}

gagggggact acggitacte tgactactgg ggccaaggea coactotcac agtctega (SEQ 1D NO: 34)

Antibody 5082: VH amino acid sequence
Arg Ala Glu Val Gin Leu Lys Glu Ser Gly Pro Gly Leu Val Lys Pro
Ser Gin Ser Leu Ser Leu Thr Cys Ser Val Thr Gly Tyr Ser e Thr

Ser Ala Tyr Tyr Trp Asn Trp Ile Arg Gin Phe Pro Gly Asn Lys Val
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Glu Trp Met Gly Tyr Tle Gly Tyr Asp Gly Arg Asn Thr Tyr Asn Pro
Ser Leu Lys Asn Arg Hle Ser lle Thr Arg Asp Thr Ser Lys Asn Gin
Phe Phe Leu Lys Leu Asn Ser Leu Thr Thr Glu Asp Thr Ala Thr Tyr
Tyr Cys Ser Arg Giu Gly Asp Tyr Gly Tyr Ser Asp Tyr Trp Gly Gin
Gly Thr Thr Leu Thr Val Ser (5EQ ID NO: 35)

Antibody 5082: light chain nucleotide sequence

ctagecgate ttgtgatgac goaagetaca tecteoctgl ctgenteict gggagacaga
givaccgtca giigraggge aagtcaggac attaacaalt atttaaatly gtatcageag
aagrcagatg gaactgtias actectgate tactacacat caagattaca gtcaggagic
ccatvaaggt tcagigacag tggglictgoa atagatiatt clotcaccat tagoaacttyg
gagcaggaag attttgtcac thactitige caacagagty aaacgeiice giggacgttc
gotgaaggea ccaagetgga gelgaaacga actgtggetg caccatotgt cticatette
cegecatety atgageagtt gaaatctgga actgocictg tigtgtgect getgaataac
tictatcocca gagaggeeaa agtacaglgg aagglggata acgoccteca atcgagtaac
fcccaggaga gtgtcacaga geaggacage aaggacagea cctacagoct cageageace

ctgacgetga goaaageaga cltacgagaaa cacaaagtct acgectgega aglicacceat

cagggectga getegocogt cacaaagage toaacagag gagagtatta ataagegger {(SEQ ID NO:

Antibody 5082: light chain aming acid saquence

Leu Ala Asp Ile Val Met Thr Gin Ala Thr Ser Ser Leu Ser Ala Ser
Leu Gly Asp Arg Val Thr Val Ser Cys Arg Ala Ser Gin Asp Tle Asn
Asn Tyr Leu Asn Trp Tyr Gin Gin Lvs Pro Asp Gly Thr Val Lys Leu
Leu He Tyr Tyr Thr Ser Arg Leu Gin Ser Gly Val Pro Ser Arg Phe
Ser Gly Ser Gly Ser Gly Ile Asp Tyr Ser Leu Thr le Ser Asn Leu
Glu Gin Glu Asp Phe Val Thr Tyr Phe Cys Gin Gin Ser Glu Thr Leu
Pro Trp Thr Phe Gly Gly Gly Thr Lys Leu Glu Leu Lys Arg Thr Val
Ala Ala Pro Ser Val Phe lie Phe Pro Pro Ser Asp Glu Gin Leu Lys
Ser Gly Thr Ala Ser val Val Cys Leu Leu Asn Asn Phe Tyr Pro Arg
Glu Ala Lys Val Gin Trp Lys Val Asp Asn Ala Leu GiIn Ser Gly Asn
Ser Gin Glu Ser Val Thr Glu Gin Asp Ser Lys Asp Ser Thr Tvr Ser
Leu Ser Ser Thr Leu Thr Leu Ser Lys Ala Asp Tyr Glu Lys His Lys
Val Tyr Ala Cys Glu Val Thr His Gin Gly Leu Ser Ser Pro Val Thr
Lys Ser Phe Asn Arg Gly Glu Cys (SEQ ID NO: 37}

80

36)



19 Jan 2018

2013255537

81

CLAIMS

A recombinant antibody composition comprising at least one humanized anti-EGFR
antibody or an antigen-binding fragment thereof, at least one humanized anti-HER2
antibody or an antigen-binding fragment thereof, and at least one humanized anti-HER3
antibody or an antigen-binding fragment thereof, wherein the at least one humanized anti-
HER3 antibody or antigen-binding fragment comprises the heavy chain CDR1, CDR2,
and CDR3 sequences and light chain CDR1, CDR2, and CDR3 sequences in:

SEQ ID NOs: 54 and 55, respectively;

SEQ ID NOs: 56 and 57, respectively;

SEQ ID NOs: 58 and 59, respectively; or

SEQ ID NOs: 60 and 61, respectively.

The antibody composition of claim 1, wherein:

the at least one humanized anti-EGFR antibody is selected from

(a) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:42 and the light chain variable region sequence of SEQ ID NO:43, and

(b) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:46 and the light chain variable region sequence of SEQ ID NO:47;

the at least one humanized anti-HER?2 antibody is selected from

(c) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:50 and the light chain variable region sequence of SEQ ID NO:51, and

(d) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:52 and the light chain variable region sequence of SEQ ID NO:53; and

the at least one humanized anti-HER3 antibody is selected from

(e) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:54 and the light chain variable region sequence of SEQ ID NO:55, and

(f) an antibody comprising the heavy chain variable region sequence of SEQ ID

NO:60 and the light chain variable region sequence of SEQ ID NO:61.

The antibody composition of claim 2, comprising:

(1) anti-EGFR antibody (a), anti-HER2 antibody (c), and anti-HER3 antibody (e);
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(ii) anti-EGFR antibody (a), anti-HER2 antibody (c), and anti-HER3 antibody (f);
(iii))  anti-EGFR antibody (a), anti-HER2 antibody (d), and anti-HER3 antibody (e);
(iv)  anti-EGFR antibody (a), anti-HER2 antibody (d), and anti-HER3 antibody (f);
(v) anti-EGFR antibody (b), anti-HER?2 antibody (c), and anti-HER3 antibody (e);
(vi)  anti-EGFR antibody (b), anti-HER?2 antibody (c), and anti-HER3 antibody (f);
(vil)  anti-EGFR antibody (b), anti-HER?2 antibody (d), and anti-HER3 antibody (e); or
(viii) anti-EGFR antibody (b), anti-HER?2 antibody (d), and anti-HER3 antibody (f).

4. The antibody composition of claim 1, wherein the anti-EGFR antibody comprises:

(1) a heavy chain variable region sequence comprising SEQ ID NO:1 that has Arg44,
Val83 and Ile104, and a light chain variable region sequence comprising SEQ ID
NO:3 that has Leu34, Tyr41, Leu51 and Phe92;

(ii) a heavy chain variable region sequence comprising SEQ ID NO:1 that has Arg44,
Val83 and Ile104, and a light chain variable region sequence comprising SEQ ID
NO:3 that has Tyr41, Leu51 and Phe92; or

(i)  aheavy chain variable region sequence comprising SEQ ID NO:1 that has Arg44
and Val83, and a light chain variable region sequence comprising SEQ ID NO:2
that has Alal9 and Phe92.

5. The antibody composition of claim 1, wherein the anti-EGFR antibody comprises:
(1) a heavy chain variable region sequence comprising SEQ ID NO:4 that has Leu20,
[1e48 and Ala68, and a light chain variable region sequence comprising SEQ ID
NO:5 that has Val75 and Phe87; or
(ii) a heavy chain variable region sequence comprising SEQ ID NO:4 that has Leu20,
Ile48, Leu56, and Ala68, and a light chain variable region sequence comprising

SEQ ID NO:5 that has Val75 and Phe87.

6. The antibody composition of claim 1, wherein the anti-HER?2 antibody comprises:
(1) a heavy chain variable region sequence comprising SEQ ID NO:6 that has Ser55,
Leu70, Val72, Lys74 and Ala79, and a light chain variable region sequence
comprising SEQ ID NO:7 that has Val44, Met48 and Tyr70; or
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(ii) a heavy chain variable region sequence comprising SEQ ID NO:6 that has Ser55
and Val72, and a light chain variable region sequence comprising SEQ ID NO:7
that has Met48 and Tyr70.

7. The antibody composition of claim 1, wherein the anti-HER?2 antibody comprises a heavy

chain variable region sequence comprising SEQ ID NO:8 that has Ala49, 1le74 and
Ser77, and a light chain variable region sequence comprising SEQ ID NO:9 that has
Thr56, Tyr71, Ser85 and Leul04.

8. The antibody composition of claim 1, wherein the anti-HER3 antibody comprises a heavy
chain variable region sequence comprising SEQ ID NO:10 that has Met49, Ser55 and
I1e68, or Asn44, Ser55 and Thr93, and a light chain variable region sequence comprising

SEQ ID NO:11 that has Phe36, Val44, Phe49 and Ile85, or has Phe36, Phe49 and Leu73.

9. The antibody composition of claim 1, wherein the anti-HER3 antibody comprises:

(1) a heavy chain variable region sequence comprising SEQ ID NO:12 that has
Val46, Met49, Ser55 and Arg72, and a light chain variable region sequence
comprising SEQ ID NO:13 that has Val21, Thr29, Val44, and Phe87; or

(ii) a heavy chain variable region sequence comprising SEQ ID NO:12 that has
Phe41, Val46, Met49, Ser55 and Arg72, and a light chain variable region
sequence comprising SEQ ID NO:13 that has Val21, Val44, Tyr71, Phe87 and

Leul04.
10, The antibody composition of any one of claims 1-9, comprising three, four, five, or six
antibodies.
11. The antibody composition of claim 1, comprising:

(a) an anti-EGFR antibody comprising the heavy and light chain variable region
amino acid sequences in SEQ ID NOs: 38 and 39, respectively; 40 and 41,

respectively; or 42 and 43, respectively;
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(b) an anti-EGFR antibody comprising the heavy and light chain variable region
amino acid sequences in SEQ ID NOs: 44 and 45, respectively; or 46 and 47,
respectively;

(c) an anti-HER?2 antibody comprising the heavy and light chain variable region
amino acid sequences in SEQ ID NOs: 48 and 49, respectively; or 50 and 51,
respectively;

(d) an anti-HER?2 antibody comprising the heavy and light chain variable region
amino acid sequences in SEQ ID NOs: 52 and 53, respectively;

(e) an anti-HER3 antibody comprising the heavy and light chain variable region
amino acid sequences in SEQ ID NOs: 54 and 55, respectively; or 56 and 57,
respectively; and

(f) an anti-HER3 antibody comprising the heavy and light chain variable region
amino acid sequences in SEQ ID NOs: 58 and 59, respectively; or 60 and 61,

respectively.

12.  An antibody composition comprising

(a) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:42 and the light chain variable region sequence of SEQ ID NO:43;

(b) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:46 and the light chain variable region sequence of SEQ ID NO:47;

(c) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:50 and the light chain variable region sequence of SEQ ID NO:51;

(d) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:52 and the light chain variable region sequence of SEQ ID NO:53;

(e) an antibody comprising the heavy chain variable region sequence of SEQ ID
NO:54 and the light chain variable region sequence of SEQ ID NO:55; and

(f) an antibody comprising the heavy chain variable region sequence of SEQ ID

NO:60 and the light chain variable region sequence of SEQ ID NO:61.

13. The antibody composition of any one of claims 1-12, wherein said antibodies are IgG1

molecules.
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A pharmaceutical composition comprising a humanized recombinant antibody
composition according to any of claims 1-13 and at least one pharmaceutically acceptable

diluent, carrier or excipient.

The pharmaceutical composition of claim 14, wherein at least one antibody in the
composition is an immunoconjugate wherein the antibody is conjugated to an anti-cancer

agent.

A method for producing a recombinant antibody composition comprising at least one
humanized recombinant anti-EGFR antibody, at least one humanized recombinant anti-
HER?2 antibody and at least one humanized recombinant anti-HER3 antibody, the method
comprising:

providing at least first, second and third host cells, wherein the first host cell is
capable of expressing a recombinant anti-EGFR antibody as defined in claim 11(a) or
11(b), the second host cell is capable of expressing a recombinant anti-HER2 antibody as
defined in claim 11(c) or 11(d), and the third host cell is capable of expressing a
recombinant anti-HER3 antibody as defined in claim 11(e) or 11(f),

cultivating the first, second and third host cells under conditions suitable for
expression of the anti-EGFR antibody, the anti-HER2 antibody and the anti-HER3
antibody, and

isolating the resulting antibodies.

A method for treating cancer in a patient, the method comprising administering to said
patient a recombinant antibody composition according to any of claims 1-13 or a

pharmaceutical composition according to claim 14.

A method for treating a patient with a disorder characterized by expression or
overexpression of EGFR, HER2 and/or HER3, the method comprising administering to
said patient a recombinant antibody composition according to any of claims 1-13 or a

pharmaceutical composition according to claim 14.
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A method for treating cancer in a patient having acquired resistance to treatment with an
antibody and/or a tyrosine kinase inhibitor, the method comprising administering to said
patient an effective amount of a recombinant antibody composition according to any of

claims 1-13 or a pharmaceutical composition according to claim 14.

A method for inhibiting cancer growth in a patient, the method comprising administering
to said patient a recombinant antibody composition according to any of claims 1-13 or a

pharmaceutical composition according to claim 14.

A method for reducing EGFR, HER2, or HER3 expression, or preventing EGFR, HER2,
or HER3 up-regulation, in a cancer patient, comprising administering to the patient a
recombinant antibody composition according to any of claims 1-13 or a pharmaceutical

composition according to claim 14.

The method of any one of claims 17-21, wherein the patient has pancreatic, bone, colon,

endometrial, or urinary tract cancer.

The method of claim 22, wherein the patient has pancreatic cancer and a KRAS mutation.

The method of any one of claims 17-23, wherein at least one of the antibodies is

conjugated to an anti-cancer agent.

The method of claim 24, wherein the anti-cancer agent is a cytotoxic agent, a cytokine, a

toxin, or a radionuclide.

The method of any one of claims 17-25, wherein the patient has not been treated for

cancer previously.

The method of any one of claims 17-25, wherein the patient has been treated for cancer

previously.
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28.

29.

30.

31.

87

The method of claim 27, wherein the patient has been treated with cetuximab,

trastuzumab, or pertuzumab previously.

The method of claim 28, wherein cancer in the patient has acquired resistance to

cetuximab, trastuzumab, or pertuzumab.

The method of any one of claims 17-29, wherein the patient is human.

Use of at least one humanized anti-EGFR antibody or an antigen-binding fragment
thereof, at least one humanized anti-HER2 antibody or an antigen-binding fragment
thereof, and at least one humanized anti-HER3 antibody or an antigen-binding fragment
thereof, wherein the at least one humanized anti-HER3 antibody or antigen-binding
fragment comprises the heavy chain CDR1, CDR2, and CDR3 sequences and light chain
CDRI1, CDR2, and CDR3 sequences in:

SEQ ID NOs: 54 and 55, respectively;

SEQ ID NOs: 56 and 57, respectively;

SEQ ID NOs: 58 and 59, respectively; or

SEQ ID NOs: 60 and 61, respectively, in the manufacture of a medicament for the

treatment of cancer, or a disorder characterized by expression or over expression of

EGFR, HER2 and HER3.

Symphogen A/S

Patent Attorneys for the Applicant/Nominated Person

SPRUSON & FERGUSON
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26 Pancroas BxPL3 89 55 85 7 120 &8 60 125 180 50 126
27 Cesophagus Squanous cell carcinoma COLOBION 28 55 70 35 118 113 115 126 120 108 142
28 Pancroas Carcinoma CAPAN-2 52 70 % 34 7% % 81 b 2] kil 108
28 Skin mmoid carcinoma A-431 83 80 70 106 133 118 108 118 85 8% 106
30 Endometriuim Adenocarcinoma MrCE-2480 85 85 85 n 140 109 65 95 75 55 10
31 Ducta] Carcinorma HCC2aG2 73 110 110 30 1 183 112 121 120 113 37
32 Sdenocarcinoma LaCo3 70 180 75 30 106 108 83 1068 180 S0 126
3% Cystodenccarsinema RG-S 70 169 85 k) 193 119 1035 115 110 110 140
34 Colerectal carcinoma T84 73 [ 68 % 100 85 80 1068 106 a5 108
35 Qhvary Adenocarcinoma CVCAR-# 73 183 97 97 104 108 a5 108 187 8§ 101
36 Pancreas Adsrocarcinoma Pancds. i3 8 80 an an 110 113 0% 110 ki 95 120
37 Panareas Adenonarcinoma, duntal CEPAC- 75 95 30 108 175 1290 110 160 145 af 178
38 Colen Rectal adenocarcinoms SW1463 73 83 86 120 430 428 108 145 123 110 175
Ri) Bmast Adsrmcarcinommg MDA-BIE-488 9 87 71 92 82 138 118 85 148 108 134
45 Endo Endometrial Adenocarcinoma HEC-128 i 05 113 228 80 182 110 23 a5 a5 108
41 Sreast Adenccaicinonia CAL120 81 8y 8t 95 85 85 89 83 74 75 100
42 Qvary Aderocarcinoma IGR-OV1 89 128 142 150 ] 85 125 126 120 159 165
43 Colon BWB3T 288 123 105 128 158 122 130 1453 138 125 165
44 Udniary ract RY-4 81 110 8l 100 200 108 168 135 135 103 184
45 Qesophagus Adenocarinems fower thirdy QE3S 82 168 87 8% 122 118 87 126 130 94 140
48 Ovary Adenecarcinems SHOV3 a2 (2] 81 ki 87 8¢ 116 118 106 kkkd 112
47 Fancreas Ductal cancinoms PANC-1 83 74 k] 100 ing 80 89 73 8% k] 45
45 Calon Adenocarcinoma LoV 85 109 189 110 140 148 0% 05 109 189 115
49 Colon Colorectal adenocarcinems SI403 a3 148 a0 108 288 182 120 250 183 168 288
30 Prostate Carcinoms D145 8% 197 96 103 ik 108 168 118 88 180 96
51 Lung Aderocarcinoma H1437 (NCI-H1437) 83 85 182 /5 101 100 IR 113 118 85 110
52 Lung Squamous cell carcinonia, Mes othelioma H226 (INGI-H226} 98 03 108 30 100 100 180 100 105 108 118
33 Gastric Gastic carcinoma KATON W 113 95 90 115 100 85 110 110 180 110
a8 Bone Qsteosarcams 4209 49 00 o 160 100 100 108 300 00 105 120
53 Ovary Adenocarcinoms DVCAR-3 30 130 138 118 113 149 145 126 145 115 138
36 Uiriary ract Carcinoms FY.112 ba 120 85 100 130 138 168 148 120 1110 144
a7 Breast Ductal Carcinoms ZR-75-38 39 128 132 120 120 123 128 115 168 159 1560
58 Colon Colorectal carcinema 191034 98 111 85 72 140 1089 oS¢ 170 131 a8 158
39 Breast Adenccaicinonia Mer7 8y 200 178 120 220 185 138 220 Pit] 135 224
a0 i.ung Sguamous sreinoma H520 (NCI-HE28) 84 85 180 185 a5 a5 108 103 84 187 185
81 SKi: Melanoma A2058 95 45 a5 83 80 189 g5 95 100 108 83
74 GCasiric Ca e BMNL-S 23 80 S 95 i ki an 83 85 180 100
a3 vary Epithelial serous carcinoma, pleural effusion CovE0d 83 188 180 185 110 105 108 83 110 110 110
84 Lung Squanious cell carcinonia EBCH 95 110 118 128 110 183 103 40 90 a5 128
65 Luig inonia 5348 95 | 190 | 180 1 115 | 115 | 105 ] 118 | 83 80_1 185 | 138
56 Breast Adenocarcinoma AU-58% 83 168 132 165 130 150 128 138 138 135 145
87 Ovary Adenocarcinoms DVCAR-S 35 105 a5 115 148 149 130 126 130 120 158
638 Brain Glicblastoma SKMG3 28 a2 L 3 100 56 8 28 23 a7 33
(37 Breast Adenocarcinoma SK-BR-3 38 130 130 185 120 114 108 128 125 115 130
70 Colon Adenocarcinoms GP3d 100 130 89 112 158 123 128 156 136 122 171
1 Breast Ductal carcinoma MOA-MB-134-V1 105 112 112 06 143 162 106 140 120 38 152
7 Prostate Carcinoma LNCAPEGC 1065 183 110 120 130 158 108 148 135 a3 280
73 Urinary tract Urinary bladder transitional carcinoma 8r7c-40%s 116 130 108 83 200 189 110 180 175 108 168
74 Breast Larcinoma CAL-B1 118 142 160 143 159 149 156 150 146 153 155
75 Colon Adenocarcinoma SWaz0 124 123 120 115 146 128 120 158 148 132 152
75 Ovary i\{ienocarcinom DVCAR4 135 200 238 228 250 250 280 250 230 173 368
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i Breast Ductal Carcinoms MDAMB175-VH 10 50 0 40 85 70 5% 80 75 50 113
2 Colon Adenocarsinoma L8747 13 23 18 114 20 118 95 51 108 i20 135
3 Gastic Carginoms NB7 {NCI-N8T) 15 15 34 215 o5 8 | A 118 195 { 200 1 290
4 Head and Neck Pharyngeal Squamous cofl carcinoma FaDu 17 20 i7 100 M 98 89 77 83 85 94
g Breast Ductsl Carcinoms MOAMB7S-W 20 85 35 65 80 &0 8 40 &0 85 103
§ Gastric Adenocarsinoma OE18 25 20 35 7 B0 80 130 90 5 §99 130
7 Qvary Adenocarcinoms RMG- 25 25 2% 170 25 148 184 84 185 178 170
3 Lung Adenocarcinema H358 (NCIH358) 27 30 29 £6 38 89 81 8¢ 95 92 97
9 Calon GED 27 35 3 144 22 133 113 100 139 137 138
18 Sreast Carcinoims 87474 30 30 80 35 120 35 75 100 35 70 105
11 Gastiic Adenocarcinoema QE138 35 45 80 40 0 90 118 105 45 103 120
i2 lung Sdenocarcinoma CALU-3 35 40 45 176 55 140 148 85 140 143 16%
13 Lung MuccepidermeidC arcinoma H262 (NCI-H252} 3G 36 3 142 38 137 129 107 133 136 138
14 Pancreas Adenocarcinoms ASPCH 39 A2 3% 153 AR 148 143 73 148 1432 183
15 Colen Rectal adenccarcinoma 5W548 44 3 44 216 28 83 111 103 200 178 380
i Breast Carcinoma HOC1337 A5 56 58 98 78 94 97 48 1 25 103
7 Sraast Ductai Carcinoma HCC202 49 58 31 98 88 113 "7 7 112 i13 125
18 Lung Adenocarcinoms HE20 (NCI-H820) 53 43 58 40 74 48 78 74 108 102 114
18 Colen Rectal adenccarcinoma SW1463 55 &0 70 180 85 i45 138 75 115 130 155
28 {esophagus Adenocarcinoma flower third} OE33 57 81 7 105 53 7% 108 72 93 100 43
21 Pancreas Carcinoma BxPC3 58 85 57 93 100 95 91 100 105 §93 100
22 Endometrium Adenocarcinoms MFE-280 80 65 §i 70 @5 75 65 8% 75 &0 35
23 Pancroas Adenocarcinoima CAPAN- 60 50 50 130 55 i35 138 80 140 148 i40
4 Uesophagus Squamous ol carcinoms COLOSESN &1 49 i1 151 58 148 155 128 184 138 154
25 Prostat Carcinoma DU14S 85 71 59 100 88 97 R 94 100 108 100
26 Colen Adenocarcinema Cal0o2 B5 &5 83 110 &0 90 100 75 105 185 128
a7 Fancreas Carcinoma PK-~1 &7 76 85 3 88 70 74 &7 &8 7 94
28 Calon Carcinoma COLOGTS [ 57 538 126 48 128 118 115 17 $92 107
28 Endometrium Carcinoms R1L95-2 88 63 78 125 &7 186 158 118 158 128 138
3¢ Breast Adenocarcinema SK-BR-3 73 81 88 87 0 90 88 75 45 180 96
H Fancreas Carcinoma CAPAN-2 75 89 74 93 71 g1 78 82 8% 86 93
32 Gastric Gastis carcinoma KATOW 75 85 88 8¢ 108 108 30 85 100 88 100
33 Qvary Cystadenocarcinoma RMUG-S 75 70 83 100 85 1408 106 180 1 105 100 115
34 Pancroas Adenocarcinoima Panc08.13 75 90 95 130 80 i30 138 80 140 120 i25
15 Dvary Adenocarcinoma QVAR-3 % 78 45 125 a0 133 118 115 128 130 133
38 Dvary Adenocarcinoma {GR-OV1 75 50 75 130 &5 150 15 30 190 180 150
37 Pancreas Adenocarcinoma, ducts! CFPACS 75 65 §i 160 85 135 160 8% 155 18% 180
38 Lung Adenocarcinoma H1437 (NCLH1437) 75 89 73 88 8z 35 102 84 7 108 97
1 Dvary Adenocarcinoma OVOARS 7 71 §2 85 #1 &5 78 46 83 g5 43
40 Calon Adenocarcinoma GPsd 78 a7 34 164 62 141 185 112 115 i87 192
41 Colen Adenocarcinoema Lovo B0 85 80 40 0 90 85 134 40 R 9%
42 Fancreas Ductal carcinoma PANC- &0 S0 43 i 20 40 8% 85 90 20 108
43 Colon Coloractal carcinoms 184 80 70 §3 110 75 180 100 §5 18 125 115
44 Lung Large celf carcinoma 4861 (NCI-HEB1} 8¢ 75 30 85 100 30 40 8% 25 g8 130
43 Colen Ractal adenocarcinema 5W837 B0 5 83 185 80 130 135 100 125 130 158
46 Qvary Adenocarcinoma SHOV3 &1 83 23 127 88 130 121 41 102 137 129
47 Sroast Carcinoma BY20 85 77 ¥ 83 7R 83 85 88 4 91 R
48 Lung Adenocarainoms H1993 {NCI-H1993) 85 90 30 85 85 30 40 8% 80 95 108
48 Gastric Carginoma SNU-I§ 88 108 168 105 75 i 108 n 48 o0 108
50 Sreast Adenocarcinoma MCF7 85 18 128 105 B0 18 135 100 100 118 134
51 Muscle Rabdomycsarcoma RD 85 35 108 120 100 100 105 30 110 125 145
52 Colon Adenocarcinoms HTZ8 80 &5 8 105 100 30 a0 74 40 183 108
53 Breast Carcinema MDAMB-157 90 95 100 100 20 108 105 100 95 95 100
84 Dvary Adenocarcinoma QVCAR-S a0 78 80 115 15 124 128 45 120 i1 113
[ Urinary tract Carcinoma RT-112 20 00 30 130 85 135 15 125 130 135 130
58 Colon Colorestal adenosarcinoma SWHI3 80 65 70 120 % 118 128 180 100 108 150
57 Urinary tract Carcinoma RT-4 o0 75 75 140 70 150 15¢ 110 155 170 170
58 Sroast Ductal carcinoma MDAMB-134-V1 5 8% 85 100 110 R 90 88 8¢ 40 5
58 Sreast Carcinoims MOAMDB-453 25 g5 7% 8¢ 100 103 40 8% Iy 75 103
8¢ Lung Squamous cel HE20 (NCI-HS20) 958 92 108 42 o3 9¢ Rid 3 43 o3 104
81 Lung Squamous sl EBCH 95 335 100 100 85 108 335 85 90 103 118
§2 Urinary tract Urinary bladder transitional carcinoma BETC805 95 90 85 110 100 103 118 100 110 10 115
82 Colon Carcinoms HOT-118 97 a1 32 88 98 103 %8 32 # 101 36
84 Breast Carginoma CALSY 100 93 108 144 108 147 144 123 133 128 144
85 Prostate Carcinoma LCAR FGU 100 30 4 180 120 138 128 118 130 140 173
§6 Lung Adencsarcinoma A549 105 108 160 100 105 125 138 110 100 i 140
&7 Lung Squamous cell carcinoma H1703 INCEH170) Hu 45 108 1 273 o8 235 | d0 119 1 238 { 230 1 332
88 Lung Large cell carcinoma, lymph noede H1299 (NCI-H1258) 110 105 105 13 105 125 1235 118 1586 110 150
88 Dvary Sdenocarsinoma OVC AR 1o 30 45 2 85 200 | 205 120 1 200 | 220 | 350
70 Sraast Adenocarsinoma AU-565 115 80 75 75 100 115 120 50 95 i25 125
71 Lung Squsmous cell carcinoms, Mesothelioms H228 (NCi-H 2726} 135 144 140 175 130 185 13% 135 165 170 i75
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Figure 26
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Figure 27
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Figure 28
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Figure 29
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Figure 30
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Figure 31
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Figure 32
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Figure 33
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Figure 34
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Figure 35
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Figure 36
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Cetuximab resisiant clones
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Figure 38
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Figure 40
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Figure 41
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Figure 42

LNA-EGFR and anti-EGFR mAb 2mix
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Figure 43
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Figure 44

EGFR+HER2 4mix is superior to EGFR 2mix
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Figure 454
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Figure 458
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