microenvironments (€.g. having a neutral pH) compared to antibodies that are not conditionally
active and/or compared to their activity in the tumor microenvironment. By virtue of the selectivity to a
tumor microenvironment, they exhibit fewer or lesser undesirable side-effects and/or exhibit improved
efficacy by virtue of the ability to dose higher.

In one aspect there is provided a modified anti-EGFR antibody. or anticen-binding fragment

thereof, comprising the amino acid replacement Y 104D in the variable heavy chain of the unmedified

aniibody, wherein:

the modified anti-EGFR antibody or antiven-binding fracment thereof comprises a variable heavy

(VHD chain and 2 variable light {VL) chain, or a portion thereof that is sufficient io bind EGFR antigen,

wherebhv one or both of the VI or VL is modified;

the portion thereof 1s sufficient to form an antigen binding site and contains the amino acid

replacement;

the unmodified anti-BEGFR antibody is selected from among;

i} cetuximab. or an antigen-binding fragment thereof, comprising a variable heavy chain
set forth in SEQ ID NO:3 and a variable light chain set forth in SEQ ID NO:4 or 10;

i1} _a variant of 1) comprising a variable heavy chain having a sequence of amino acids

that exhibits ar least 85% sequence identity to the sequence of amino acids set forth in SEQ ID NO: 3, and

a variable light chain having a sequence of amino acids that exhibits at least 85% seguence identity to the

sequence of aming acids set forth in SEQ 1D NO:4 or 10, wherein the variant does not comprise the

amino acid replacement and specifically binds to EGFR; and

i1i} a humanized form of 1) or i),

In another aspect there is provided a conjugate, com )rising a modified anti-BGFR antibody. or

antizen-hinding fragment thereof, as described herein linked direcily or indirectlv to a targeted agent,

In another aspect there is nrovided a nucleic acid molecule, comprising a sequence of

nucleotides encoding the heavy chain of any of the anti-EGFR antibody, or antigen-binding

fragment thereof. as described herein: and/or

a nucleic acid molecule, comprising a seguence of nucleotides encoding the light chain of

any of the anti-BGFR antibody. or antizen-binding frasment thereof, as described herein.

In ancther aspect there is provided a vector, comnrising the nucleic acid molecule(s) as

described herein.

In another aspeet there is provided a cell, comprising a vector or vectors as described herein,

In another aspect there is provided a method of making a modified anti-EGFR antibody, or

antigen-binding fragment thereof, commprising expressing the heavy chain or light chain encoded
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from a vector or vectors as described herein encoding the heavy chain and the light chain ina

suitable host cells and recovering the antibody.

In another aspect there is provided a pharmaceutical composition comprising:

a modified anti-EGFR antibody or antisen-bindine fragment as decribed herein or a

conjugate as described herein: and

a pharmaceutically acceptable carrier or excipient,

In another aspnect there is provided use of a modified anti-EGFR antbody or antigen-

binding fragment as described herein or a conjugate as described herein for nreparation of &

medicament for treating a tumor, cancer or metastasis,

Provided herein are an anti-EGFR antibody, or antigen-binding fragment thereof, that is
conditionally active under condifions in a fusnor microenvironment. wherein the anti-EGFR antibody, or
antigen-binding fragment thereof, exhibits a ratio of binding activity to human epidermal growth factor
receptor (EGFR) or & soluble fragment thereof under conditions in a tumor environment compared o
under conditions in a non-tumor environment of at least 3.0. In such an example, the conditions i a
tumor environment contain one or both of pH befween or about between 5.6 to 6.8 or lactate
concentration between or about between 5 mM to 20 mM, and protein concentration of 10 mg/mL to 50
mg/mL,; and the conditions in a non-tumor environment contain one or both of pH between or about
between 7.0 to 7.8 or lactate concentration between or about between 0.5 mM to 5 mM, and protein
concentration of 10 mg/mL to 50 mg/ml. For example, the anti-EGFR antibody, or antigen-binding
fragment thereof, exhibits the ratio of activity under conditions that exist in a tumor microenvironment
that contain a pH of between or about between 5.6 to 6.8 compared to under conditions that exist in a non-
tumor micreenvironment that comprise a pH of between or abouf between 7.0 to 7.8. In another example,
the anti-EGFR antibody, or antigen-binding fragment thereof, exhibits the ratio of activity under
conditions that exist in a tumor microenvironment that contain a pH of between or about between 6.0 o
6.5 compared to under conditions that exist in a non-tumor microenvironment that comprise a pH of about
7.4. In some instances, the anti-BGFR antibody, or antigen-binding fragment thereof, exhibits the ratio
of activity under conditions that exist in & tumor microenvironment that contain lactate concentration
between or about between 5 mM to 20 mM compared to under conditions that exist in a non-tumor
microenvironment that contain lactate concentration between or about between 0.5 mM fo SmM. In
particular examples herein,
the anti-EGFR antibody or, or antigen-binding fragment thereof, of any of claims [-4, exhibits the ratio of

activity under conditions of a tumor microenvironment that
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CLAIMS:

1. A modified anti-EGFR antibody, or antigen-binding fragment theg eof,
comprising the amino acid replacement Y104D in the variable heavy chain of e
unmodified antibody, wherein:

the modified anti-EGFR antibody or anngen—bmdmg fragment they ot comprises a
variable heavy (VH) chain and a variable light (VL) chain, or a portion ffereof that is
sufficient to bind EGFR antigen, whereby one or both of the VH or Vvl fis modified;

the portion thereof is sufficient to fozm an antigen b1ndmo s £ and contains the
amino acid replacement; ;

the unrmodified anti-EGFR antibody is seiecteé from arg ng:

i) cetuximab, or an antzgen—bmdzng ﬁagrnen Al ereof comprising a
variable heavy chain set forth in SEQ IDNQO:3anda van #le light chain set forth in SEQ
ID NO:4 or 10;

" i) a variant of i) comprising a variablgf eavy chain having a sequence of
amino acids that exhibits at least 85% sequence 1de fity to the sequence of amino acids
set forth in SEQ ID NO:3, and a variable light chai having a sequence of amino acids
that exhibits at least 85% sequence identity to th # sequence of amino acids set forth in
SEQ ID NO:4 or 10, wherein the variant does # ot comprise the amino acid replacement
and specifically binds to EGFR; and /

i) a humanized form of i i for n)

, the modified anti-EGFR anti ’ dy, or antigen-binding fragment thereof, exhibits
a ratio of binding activity to human Fidermal growth factor receptor (EGFR) or a soluble
ﬁagmant thereof under conditions £ 2 tumor environment compared to under conditions
in a non-tumor environment of af feast 2. 0;

conditions in a tumngf fenvironment comprise one or both of pH between or
about between 6.0 to 6.5 orf fotate concentration between or about between 5 mM to 20
mM, and protein concentr on of 10 mg/mL to 50 mg/mL;

conditions in A /ron-tumor environmert oompnsc one or both of pH of about
7.4 or lactate concentg ion between or about between 0.5 mM to 5 mM, and protein
concentration of 10hg/mL to 50 mg/mL , whereby the anti-EGFR antibody or fragment
thereof is conditighally active under conditions in a tumor microenvironment.

2. he anti-BEGFR antibody, or antigen-binding fragment thereof, of claim 1,
wherein the rgfio of binding activity is at least 3.0 .

-

3,/ The anti-EGFR antibody, or antigen-binding fragment thereof, of claim 1

, whereigfthe anti-EGFR antibody, or antigen-binding fragment thereof, exhibits the ratio -

of actiyity under conditions that exist in a tumor microenvironment that comprise a pH of

betwden or about between 6.0 to 6.5 compared to under conditions that exist in 2 non-
ofor microenvironment that comprise a pH of about 7.4.

; 4, The anti-EGFR antibody, or antigen-binding fragment thereof, of any of
cianfns 1-3, wherein the anti-EGFR antibody or, or antigen-binding fragment thereof,
exhibits the ratio of activity under conditions of a tumor microenvironment that comprise
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pH of 6.0 to 6.5 and lactate concentration of 10 mM to 20 mM compared to under 4
condition of a non-tumor microenvironment that comprise pH of 7.6 to 7.4, incl of e, and
lactate concentration of 0.5 mM to 2 mM. -

5. The anti-EGFR antibody, or antigen-binding fragment thereoffof any of
claims 1-4, wherein the protein concentration under conditions in a tumor 7 4
microenvironment and under conditions in a non-tumor microenwronme ! is substantially
the same or 15 the same.

6. - The anti-EGFR antibody, or antxgen—bmdmg fragme thereof of any of
claims 1-5, comprising;

a) a variable heavy (VH) chain comprising the sequencg of amino acids set forth
in SEQ ID.NO:495, 1062, 1112, 1114-1117, 1124-1126, 11281130, 1134-1137, or 1146-
1152, or a sequence of amino acids that exhibits at least 85° b sequence identity to.any of
SEQ ID NOS: 465, 1062, 1112, 1114-1117,1124- 1126 §28-1130, 1134-1137, or 1146-
1152; and _

'b) a variable light (VL) chain comprising thef que,nce of amino acids set forth in
SEQ ID NO:4, 10, 1138-1145,.1153-1159 or 118640r a sequence of amino acids that
exhibits at least 85% seguence identity 1o SEQ I*‘ 'NO:4, 10, 1138-1145, 1153-115% or
1186.

7. The anti-EGFR antibody, or # ngen-bmdmg fragment thereof, of any of
claims 1-6, selected from among an annb 0y comprising: -

~a) the variable heavy chain setf rth in SEQ ID NO:495 or a sequence of amino
acids’ that exhibits at least 85% seques fce identity to SEQ ID NO:495, and the variable
light chain set forth in SEQ ID NOg or 10 or 4 sequence of amino acxds that exhibits at
ieast 85% sequence identity to S ) ID NO4 or 10;

b) the variable heavy‘ ain set forth in SEQ ID NO:1062 or a saquence of amino
acids that exhibits at least 8% sequence identity to SEQ ID NO:1062, and the variable
light chain set forth in SE@ 'ID NO:4 or 10 or a sequence of amino acids that exhibiis at
least 85% sequence 1de 1ty to SEQ ID NO:4 or 10;

¢) the variabf hcavy chain set forth in SEQ ID NO:1112 or & sequence of amino
acids that exhibits #  Jeast 85% sequence identity to SEQ ID N(O:1112, and the variable
light chain set fof fh in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at
least 85% seq nce identity to SEQ ID NO:4 or 10;

d) t vanab]e heavy chain set forth in SEQ ID NO:1114 or a sequence of amino
acids thaty Xb.lblts at least 83% sequence identity i6 SEQ ID NO:1114, and the variable
light chgdn set forth in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at
least §8% sequence identity to SEQ ID NO:4 or 10;

4 ¢) the variable heavy chain set forth in SEQ ID NO:1115 or a sequence of amino
aflds that exhibits at ieast 85% -sequence identity to SEQ ID NO:1115, and the variable

/ 1ght chain set forth in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at
¢ least 85% sequence identity to SEQ ID NO:4 or 10;

1) the variable heavy chain set forth in SEQ ID NO:1116 or a sequence of amino .
acids that exhibits at least 85% sequence identity to SEQ ID NO:1116, and the variable
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light chain set forth in SEQ ID NO:4 or 10 or a sequence of amino acids that e, 1bits at
least 85% sequence identity to SEQ ID NO:4 or 10;

g) the variable heavy chain set forth in SEQ IDNO:11170ra ce of amino
acids that exhibits at least 85% sequence identity to SEQ ID NQO:1117, and the variable

 light chain set forth in SEQ ID NO:4 or 10 or a sequence of amino acidg #that exhibits at

Jeast 85% sequence identity to SEQ ID NO:4 or 10;

h) the variable heavy chain set forth in SEQ IDNO:1124 o2 se:quence of amino
acids that exhibits at least 85% sequence 1dentity to SEQ ID NO.#124, ané the variable
light chain set forth in SEQ ID NO:4 or 10 or a sequence of amjfio acids that exhibits at
least 83% sequence identity to SEQ ID NO:4 or 10, '

1) the variable heavy chain set forth in SEQ ID NOA 125 or a sequence of amino
acids that exhibits at least 85% sequence identity to SEQ D NO:1125, and the variabie
light chain set forth in SEQ ID NO:4 or 10 or a sequengf of amino acids that exhibits at
least 83% sequence identity to SEQ ID NO:4 or 10, '

j) the variable heavy chain set forth in SEQy D NO:1126 or a sequence of amino
acids that exhibits at least 5% sequence identity & _SEQ ID NO:1126, and the variable
light chain set forth in'SEQ ID NO:4 or 10 or agequence of amino acids that exhibits at
least 85% sequence identity.to SEQ ID NO:4 #r 10;

k) the variable heavy chain set fortjfin SEQ ID-NO:1128 or 2 sequence of amino |
acids that exhibits at least 85% seguence fentity to SEQ ID NO:1128, and the variable
light chain set forth in SEQ ID NO:4 orf0 or a sequence of amino acids that exhibits at
least 85% sequence identity to SEQ IFNC:4 or 10;

1) the variable heavy chainget forth in SEQ ID NO:1129 or a sequence of amino
acids that exhibits at least 85% sgffuence identity to SEQ ID N(0:1129, and the variable
light chain set forth in SEQ ID } fO:4 0ri0 ora sequence of amino acids that exhibits at
ieast 85% sequence identity t EQ IDNO:4 or 10;

m) the variable £ eavy chain set forth in SEQ ID NO:1130 or a-sequence of
amino acids that exhibits 4t least 85% sequence identity fo SEQ ID NO:1130, and the
variable light chain set # frth in SEQ ID NO:4 or 10 or a sequence of amino acids that
exhibits at least 85% ¢ qupnce identity to SEQ ID NO:4 or 10;

n) the variy le heavy chain set forth in SEQ ID NO:1134 or a sequence of amino
acids that exhibityat least 85% sequence identity to SEQ ID NO:1134, and the variable

- light chain set § rth in SEQ.ID NO:1138 or a sequence of amino acids that exhibits at

least 85% seq ence identity to SEQ ID NO:1138;

o) B e Vanable heavy chain set forth in SEQ ID NO:1134 or a sequence of amino
acids thayexhibits at least 85% sequence identity to SEQ ID NO:1134, and the variable
light chy din set forth in SEQ ID NO:1139 or a séquence of amino acids that exhibits at
ieast 5% sequence identity to SEQ ID NO:1139;

‘ p) the variable heavy chain set forth in SEQ ID NO:1135 or a sequence of amino
£ids that exhibits at least 85% sequence identity to SEQ ID NO:1135, and the variable
Lcrht chain set forth in SEQ ID NO:1138 or a sequence of amino acids that exhibits at

4 " least 85% sequence identity to SEQ ID NO 1138;
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q) the variable heavy chain set forth in SEQ ID NO:1134 or a sequence of ag 1;10

* acids that exhibits at least 85% sequence identity to SEQ ID NO:1134, and the varjéble

light chain set forth in SEQ ID NO:1140 or a sequence of amino acids that exhl s at
least 85% sequence identity to SEQ ID NO':1140;

r) the variable heavy chain set forth in SEQ ID NO:1134 or a sequepCe of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1134, angfthe variable
light chain set forth in SEQ ID NO:114] or a sequence of ammo acids thiit exhibits at
least 85% sequence identity to SEQ ID NO:1141;

s} the variable heavy chain set forth in SEQ ID NO:1134 ok seque:nce of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO: /34, and the variable
light chain set forth in SEQ'ID NO:1142 or a sequence of aming facids that exhﬂa:ts at
least 85% sequence identity to SEQ ID NO:1142;

t) the variable heavy chain set forth in SEQ ID NO# 135 or a sequence of amino
acids that exhibits at least 85% sequence identity to SEQAD NO:11335, and the variable
light chain set forth in SEQ ID NO:1142 or a sequence#f amino acids that exhibits at
least 85% sequence identity to SEQ ID NO:1142;

u) the variable heavy chain set forth in SE@ ID NO:1134 or a sequence of amino
acids that exhibits at least 85% sequence iderm o SEQ ID NO:1134, and the variable
light chain set forth in SEQ ID NO:1143 or a sgfquence of amino acids that exhibits at
least 85% sequence identity to SEQ ID NO:} 43

, v) the variable heavy chain set vJ in SEQ ID NO:1136 or a sequence of amino
acids that exhibits at least 85% sequency dentity to SEQ ID NO:1136, and the variable
light chain set forth in SEQ [D NO: 1142 or a sequence of amino acids that exhibits at
least 85% sequence identity to SEQ JD NO:1142;

w) the variable heavy chg 4 set forth in SEQ ID NO:1137 or a sequence of amino
acids that exhibits at least 85% g#equence identity to SEQ ID NO:1137, and the variable

Tight chain set forth in SEQ 1 INO:1144 or 2 a sequence of amino acids that exhibits at

least 85% sequence identityfto SEQ ID NO:1144;
x) the variable hg 'jvy chain set forth in SEQ ID NO:1136 or a sequence of amino

" acids that exhibits at ledst 85% sequence identity to SEQ ID NO:1136, and the variable

light chain set forth i SEQ IDNO:1144 or a sequence of amino acids that exhibits at
least 85% sequency 1dent1ty to SEQ ID NO:1144;

y) the vafiable heavy chain set forth in SEQ ID NO:1137 or 2 sequence of amino
acids that ex 1ts at least §5% sequence identity to SEQ ID NO:1137, and the variabie
light chain sgf {forth in SEQ ID NO:1145 or a sequence of amino acids that exhibits at -

. least 85% g quence identity to SEQ ID NO:1145;

the variable heavy chain set forth in SEQ ID NO 1136 or a sequence of amino
acids }# tat exlubits at least §5% sequence dentity 1o SEQ ID NO:1136, and the variable
Ew fohain set forth in SEQ ID NO:1145 or a sequence of amino acids that exhibits at
t 85% sequence identity to SEQ ID NO:1145;

aa) the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of amino

‘a{:idS that exhibits at least 85% sequence 1df:nt1ty to SEQ ID NO:1146, and the variabie
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light chain set forth in SEQ ID NO:1153 or a sequence of amino acids that exhibi £ at
least 85% sequence identity to SEQ ID NO:1153;

bb) the variable heavy chain set forth in SEQ ID NO:1147 or a sequeglce of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1147, and ghe variable
light chain set forth in SEQ ID NO:1153 or a sequence of amino acids thexhibits at
least 85% sequence identity to SEQ ID NO:1153; 4

cc) the variable heavy chain set forth in SEQ ID NC:1148 or & equence of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO:11#8, and the variable
light chain set forth in SEQ ID NO:1154 or a sequence of amino gfids that exhibits af
least 85% sequence identity to SEQ ID NO:1154; ' J

dd) the variable heavy chain sef forth in SEQ ID NOZ 149 or a sequence of amino
acids that exhibits at ieast 85% sequence identity to SEQ IDFNO:1149, and the variable
light chain set forth in SEQ ID NO:1134 or a sequence o offamino acids that exhibits at
least 85% sequence identity to SEQ ID NO:1154; /

_ ee) the variable heavy chain set forth in SEQAD NO:1150 or a sequence of amino
acids that exhibits at least 85% sequence identity tg/SEQ ID NO:1150, and the variable
light chain set forth in SEQ ID NO:1135 or a seqifence of amino acids that exhibits at
least 83% sequence identity to SEQ ID NO:11; :

ff) the variable heavy chain set fo a SEQ ID NO:1151 or a sequence of amino
acids that exhibits at least 85% sequence ig€ntity 1o SEQ ID NO:1151, and the variable
light chain set forth in SEQ ID NO: : a sequence of amino acids that exhlbits at
least 85% sequence identity to SEQ IDANO: 1156

gg) the variable heavy chaindet forth in SEQ ID NO:1146 or a sequence of amino
acids that exhibits at least 5% segfience identity to SEQ ID N(O:1146, and the variable
light chain set forth in SEQ ID Ni:1156 or a sequence of amino acids that exhibits at
least 85% sequence identity to6EQ ID NO:1156;

hh) the variable heg#y chain set forth in SEQ ID NO: 1149 or a sequence of amino
acids that exhibits at ieasif 5% sequence identity to SEQ ID N(O:1149, and the variable
light chain set forth in S# Q ID NO:1156 or a sequence of aminc acids that exhibits at

ieast 85% sequence id 2 n ity o SEQ ID NO:1156;

i) the varighle heavy chain set forth in SEQ ID NO:1150 or 2 sequencc of amino
acids that exhibitgfat least 85% sequence identity to SEQ ID N0:1150, and the variable
light chain set fgfth in SEQ ID NO:1157 or 2 sequence of amino acids that exhibits at
least 85% seqpence 1dcnt1ty to SEQ ID NO:1157;

i) e vanable heavy chain set forth in SEQ ID NO:1152 or a sequence of amino
acids thatfxhibits at least 85% sequence identity to SEQ ID NO:1152, and the variable
light chgin set forth in SEQ ID NO:1157 or a sequence of ammo acids that exhibits at
least _' 9% sequence identity to SEQ ID NO:1157; :

kk) the variable heavy chain set forth in SEQ ID NO:1148 or a sequence of amino
agf s that exhibits at least 85% sequence identity to SEQ ID N(O:1148, and the variable
ight chain set forth in SEQ ID NO:1157 or a sequence of amino acids that exhibits at .

,.ﬁ least 85% sequencv identity to SEQ ID NO:1157;
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4

I} the variable heavy chain set forth in SEQ ID NO:1149 or a sequence offamino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1149, and the yhriable
light chain set forth in SEQ ID NO:1157 or a sequence of amino acids that exjfbits at
least 85% sequence identity to SEQ ID NO:1157; ' '

mm) the variable heavy chain set forth in SEQ ID NO:1150 or a gfquence of
amino acids that exhibits at least 85% sequence identity to SEQ ID NO»'150, and the
variable light chain set forth in SEQ ID NO:1186 or a sequence of ampho acids that
exhibits at least 85% sequence identity to SEQ ID NO:1186; /

nn) the variable heavy chain set forth in SEQ ID NO:115# or a sequence of amino
acids that exhibits at least 85% sequence identity to SEQ ID N(#1152, and the variable
light chain setforth in SEQ ID NO:1186 or a sequence of amj o acids that exhibits at
least 3% sequence identity 1o SRQ ID NO:1186;

oo) the variable heavy chain set forth in SEQ ID JA 0_:1 148 or a sequence of amino
acids that exhibits af least 85% sequence identity to SE@ ID NO:1148, and the variable
light chain set forth in SEQ ID NO:1186 or a sequengf of amino acids that exhibits at’
least 85% sequence identity to SEQ ID NO:1186; /

pp) the variable heavy chain set forth in $EQ ID NO:1149 or a sequence of amino
acids that exhibits at ieast 85% sequence identiff to SEQ ID NO:1149, and the variable
light chain set forth in SEQ ID NO:1186 or afequence of amino acids that exhibits at
least 85% sequence identity to SEQ ID NOA186; :

. qq) the variable heavy chain set § Orth in SEQ ID NO:1150 er a sequence of amino
acids that exhibits at least 85% sequeng® identity to SEQ ID NO:1150, and the variable
light chain set forth in SEQ ID NO:1 F#8ora sequence of amino acids that exhibits at
least 85% sequence identity to SE D NO: 1158

17) the variable heavy chéin set forth i in SEQ ID NO:1152 or a sequence of amino
acids that exhibits at least 85%fsequence identity to SEQ ID NO:1152, and the variable
light chain set forth in SEQ J» NO:1159 or a sequence of amino acids that exhibits at
least 85% sequence 1de:nt1 "to SEQ ID NO:1139;

55} the vamable 4 eavy chain set forth in.SEQ ID NO 1146 ora sequcnce of amino
acids that exhibits at Ifast 85% sequence identity to SEQ ID NO:1146, and the variable
light chain set forth #r SEQ ID NO:1159 or a sequence of amino acids that exhibits at
least 83% sequeng £ identity 1o SEQ ID NO:1159;

tt) the 1able hcavy chain set forth in SEQ ID NO:1 1460ra sequence of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1146, and the variable
light chain 3 4 forth in SEQ ID NO:1157 or a sequence of amino acids that exhlblts at
least 85% equence identity to SEQ IDNO:1157;

u) the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of |

aming facids that exhibits at least 85% sequence identity to SEQ ID NO:1146, and the

varfible light chain set forth in SEQ ID NO:1186 or 2 sequence of amino acids that
e Sibits at least 85% sequence identity to SEQ ID NO:1186; and .

vv)  the variable heavy chain set forth in SEQ ID NO:1118 or a sequence of

amino acids that exhibits at least 85% sequence identity to SEQ ID NO:1118, and the
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variable light chain set forth in SEQ ID NO:4 or 10 or a sequence of amino acxcis at
"~ exhibits at least 85% sequence identity to SEQ ID NO:4 or 10.

g. The anti-EGFR antibody, or antigen-binding fragment thereof f claim 31
or claim 32, wherein sequence identity is at least 86%, 87%, 88%, 89%, 90° G1%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 98%, 99% or more.

9. A modified anti-EGFR antibody or antigen-binding fragfnent thereof,
cCOmprising an amino acid replacement(s) in a variable heavy cham, vglriable light chain or
both of the unmodified antibody, wherein:

the modified anti-EGFR antibody or anfigen-binding ent thereof comprises &
variable heavy (VH) chain and 2 variable light (VL) chain, or ggortion thereof that is
sufficient to bind EGFR antigen, whereby one or-both of the }'H or VL is modified;

the portion thereof is sufficient to form an antlgen r ndmg site and contains the
ramino acid replacement; ;

the unmodified anti-EGFR antibody 1s seie:cte - om among:

i) cefuximab, or an anﬁgen-binding thereof, comprising a
variable heavy chain set forth in SEQ ID NO:3 and# a variable light chain set forth in SEQ
ID NO:4 or 19; 3

ii) avariant of i} comprising variable heavy chain having a sequence of
amino acids that exhibits at least 85% sequghce identity to the sequence of amino acids
set forth in SEQ ID NO:3, and a variable fght chain having a sequence of amino acids
that exhibits at least 85% sequence idegfity 1o the sequence of amino acids set forth in
SEQ ID NO:4 or 10, wherein the varjfat does not comprise the amino acid replacement
and specifically binds to EGFR; g: '

i) a humamzcd brm of 1) or i);

the modified anti- EGEK antibody or fragment thereof exhibits a ratio of binding
activity for EGFR at or aboy pﬂ 6.0 to pH 6.5 compared to at or about pH 7.4 of at least
2.0, when measursd under e same conditions except for the difference in pH and

the modified anj# EGFR antibody exhibits less than 40% of the bmdmg activity
for EGFR at pH 7.4 cgf pared to the unmodified antibody at pH 7.4 when measured
under the same condfltions, with the proviso that the modified anti-EGFR antibody or
fragment thereof gf fes not comprise:

a) 3 arzable heavy chain comprising an amino acid replacement selected -
fr amonc N31L N31V, V50L, Y59E and T64N; or

' 2 variable light chain comprising an amino acid replacement L4C.

#.  The modified anti-EGFR antibody or fragment thereof of claim 9, wherein
the mgH fified anti-EGFR antibody exhibits at least 20% of the binding activity for EGFR.
at orf fbout pH 6.0 to pH 6.5 compared to the nunmodified antibody at pH 6.0 to pH 6.5
wifn measured under the same conditions,

il. The modified anti-EGFR antibody or fragment thereof of claims 9 or

fr claun 10, wherein:
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a) the variable heavy chain, or portion thereof, of the modified anti-EGFR /
antibody contains an amino acid replacement corresponding to an amino acid repfacement
selected from among V24E, V241, V241, S25C, 825, S23R, S235A, S25D, SPHG,

S25M, S25Q, S25V, 8251, §28C, L29H, N31H, G54D, G548, F63R, F63C, F63M,
F63P, F63S, T64V, L67G, D72L, D72P, D72W, N73Q, K75H, K75G, K78, K75W,
§761, 876V, Q77E, T100P, Y104D, Y1048, Y104V, Q1111 and QII}N 1th reference to
amino acid positions set forth in SEQ ID NO:3, wherein: :

corresponding amino acid positions are identified by j 1gnmcnt of the VH

- chain of the antibody with the VH chain set forth in SEQ ID NO:3p/and

the portion thereof is sufficient to form an anUgc binding site and
contams the amino acid replacement; and/or ;

b) the variable light chain, or portion thereof, of the modiﬁed anti-BGFR
antibody contains an amino acid replacement correspond fig to an amino acid replacement

selected from among L4F, L4V, T5P and R24G, w1th rgfierence to amino acid pesitions
set forth in SEQ ID NO:4, wherein: -

corresponding amino acid posmon are identified by alignment of the VL
chain of the antibody with the VL chain set forth#n SEQ ID NO:4; and

the portion thereof is sufficienty b form an antigen binding site and
contains the amino acid replacement.

12. The modified anti-EGFR A tlbody of any of claims 9-11 , wherein the
variable heavy chain, or portion thersofy /of the modified anti-EGFR antlbody contains the
amino acid replacement Y104D. ‘

13. - The modified antx- £ FR anttbody or fragment thereof of claim 1,
wherein: . V4

~a) the vamable heavy ém, or portion the:reof of the modified anti-EGFR
antibody contains an amino g fid replacement corresponding to an amino acid replacement
selected from among V24 'V24I V241, 825C, S25H, S23R, S23A, 825D, 825G,
S25M, S25Q, 8235V, 82#, S28C, L29H, N31H, G54D, G548, F63R, F63C, F63M,
63D, F63S, T64V, LG, D72L D72P, D72W, N73Q, K75H, K75G, K75P, K75W,
S761, 876V, Q77E, I 00P, Y1048, Y104V, Q1111 and Q111V, with reference to amino
acid positions set § #rth in SEQ ID NO:3, wherein:

rresI)ondmg amino acid pesitions are identified by alignment of the VH
chain of the ay 1body with the VH chain set forth in SEQ ID NO:3; and

th° portion thereof is sufficient to form an antigen binding site and
contains t} e amino acid replacement; and/or |

) the variable light chain, or portion thereof, of the modified anti-EGFR
antiby dy contains an amino acid replacement corresponding to an amino acid replacement
s'=l fted from among L4F, L4V, T5P and R24G, with reference to amino acid positions
# forth in SEQ ID NO:4, wherein:

corresponding amino acid positions are identified by alignment of the VL

chain of the antibody with the VL chain set forth in SEQ ID NO:4; and
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the portion thereof 1s sufficient to form an antigen bmdmg site and
contains the amino acid replacement. -

14. The modified anti-EGFR antibody of claims 11-13 , whereir

the variable heavy chain, or portion thersof, of the modified anti-E# FR antibody
contains a further amino acid replacement selected from among V24E, S C, S?_SV
F27R, T30F, S53G, D72L, R97H, Y104D and QI11P. j

15. A modified anti-EGFR antibody or antlgen-bmdmg b gment thereo‘f
comprising at least two amino acid replacement, wherein:

the amino acid replacements are in a variable heavy (V 1 chalrg variabie light
(VL) chain or both of the unmodified antibody:

the modified anti-EGFR antibody or ant1gen—bmdm fracrmem thereof comprises a
variable heavy (VH) chain and a variable light (VL) chainfor a portion thereof that is
sufficient to bind EGFR antigen, whereby one or both of gthe VI or VL is modified;

the portion thereof is sufficient to form an ang fren binding site and contains the
amino acid replacement; $

the unmodified anti-EGFR antibody is s¢ from among:

) i} cetuximab, or an anngen-b dmg fragment thereof, comprising a
variable heavy chain set forth in SEQ ID N 3 and a variable light chain set forth in SEQ

i) avariant of i) compy smg a variable heavy chain having a sequence of
amino acids that exhibits at least 85%#equence identity to the sequence of amino acids
set forth in SEQ ID NO:3, and a vagf ble light chain having a sequence of amino acids
that exhibits at least 85% sequency 1dent1ty to the sequence of amino acids set forth in
SEQ ID NO:4 or 10, wherein thfvariant does not compnse the amino acid replacement
and specifically binds to EGF  and

iil) a humay ed form of 1) or ii);

the amino acid reg acements in the VH chain of the modified anti-EGFR antibody
corresponds to an amigh acid replacement selected from among V24E, S25C, S25V,
F27R, T30F, 853G, 721, R9TH, Y104D and Q111P, with reference to amino acid
positions set forth ji SEQ ID NO:3, wherein corresponding amino acid positions are
identified by aligAment of the VH chain of the antibody with the VH chain set forth in

- SEQ ID NO:3;nd

the xno acid replacement in the VL chain of the modified anti-EGFR antibody
correspong to amino acid replacement [29S, with reference to the amino acid position set
forth in PEQ ID NO:4; wherein corresponding amino acid positions are identified by
alig ngnt of the VL chain of the antibody with the VL chain set forth in SEQ ID NO:4.
" 16.  The modified anti-BGFR antibody, or antigen-binding fragment thereof, of

g of claims 12-15, wherein the amino acid replacements are HC-Y 104D/ HC-Q111P;
AC-S25C/ HC- Y104D HC-Y104D/L.C-1295; HC-Y104D/HC-Q111P/LC-129S; HC-

£S53G/HC-Y104D; HC-S53G/HC-Y104D/HC-Q111P; HC-S25V/HC-Y104D; HC-
7 S25V/HC-Y104D/HC-Q111P; HC-S25V/HC-853G/HC-Y104D; HC-S25V/HC-
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S53G/HC-Y104D/HC-Q111P; HC-T30F/HC-Y104D; HC-T30F/HC-Y104D/HC-QA11P;
HC-T30E/HC-S53G/HC-Y104D; HC-T30F/HC-S53G/HC-Y104D/HC-Q111P; BC-
D72L/HC-Y104D; HC-D72L/HC-Y104D/HC-Q111P; HC-S53G/ HC- D72L £-Y104D;
or HC-S53G/HC-D72L/HC-Y104D/HC-Q111P. '

" 17.  The modified anti-EGFR antibody, or antigen-binding frag fort thereof, of
claim 13 or claim 15, wherein the amino acid replacements are HC-S25Gf HC-Q111P;
HC-V24E/ HC-F27R/ HC-R97H/ HC-Q111P; HC- SZSC/LC 129S; andgHC-Q111P/LC-
1298. _

18.  The modified anti-EGFR antibody, or antigen-bindyf g fragment thereof, of
any of claims 15-17, wherein the modified anti-EGFR antibody gt fragment thereof
exhibits a ratio of binding activity for EGFR at or about pH 6.¢fto pH 6.5 compared to at
or about pH 7.4 of at least 1.1, 1.2, 1.3, 1.4, 15 1.6,1.7, 18 9,2.0, 25 3.0, 4.0, 4.5,
5.0 or greater.

19, The modified ann-EGFR antibody, or a en-bmdmg fragment thereof, of
claim 18, wherein the modified anti-EGFR antzbody ot fracrmcnt thereof exhibits a ratio
of binding activity for EGFR at or about pH 6.0 to n#. 6.5 compared to at or about pH 7.4
of at least 2.0. ;

20.  The modified anti-EGFR antibo , or antigen-binding fragment thereof, of
claim 19, wherein the amino acid replacemenyf are HC-Y104D/ HC-Q111P; HC-S25C/
HC-Y104D; HC-S53G/HC-Y104D; HC-S5#G/HC-Y104D/HC-Q111P; HC-S25V/HC-
Y104D; HC-S25V/HC-Y104D/HC-Q11 1§, HC-825V/HC- S53G/HC-Y104D; HC-
S25V/HC-S53G/HC-Y104D/HC-Q111 ¥ HC-T30F/HC- Y104D; HC-T30F/HC-
Y104D/HC-Q111P; HC-T30F/HC-S54 fGrHC- Y104D; HC-T30F/HC-853G/HC-
Y104D/HC-Q111P; HC- D’?ZL/HC» '104D; HC-D72L/HC-Y104D/HC-Q111P; HC-
853G/ HC-D72L/HC-Y104D; or C-$53G/HC-D72L/HC-Y104D/HC-Q111P.

. 21.  The modified a ~EGFR antibody, or antigen-binding fragment thereof, of
any of claims 1-20, wherein {}fe unmodified cetuximab antibody, antigen-binding
fragment thereof or variantf hereof comprises:

a heavy chain hayfng a sequence of amino acids set forth in SEQ ID NO:1 ora
sequence of amino acigf that exhibits at least 85% sequence identity to the sequence of
amino acids set fo SEQ ID NO:1 and a light chain having 2 sequence of amino acids
set forth SEQ ID N@ 2 or 2 sequence of amino acids that exhibits at least 85% sequence
identity to the segh hence of amino acids set forth in SEQ ID NO:2; or

a heavy cham having a having a sequence of amino acids set forth in SEQ ID NO:
8 or a sequepfe of amino acids that exhibits at least §5% sequence identity to the
sequence gf amino acids set forth in SEQ ID NO:8 and a light chain having a sequence of
amino agfds set forth SEQ ID NO:9 or a sequence of amino acids that exhibits at least
85% Sk fuence identity to the sequence of amino acids set forth in SEQ ID NO:9.

722, The modified anti-EGFR antibody, or antigen-binding fragment thereof,
y Of clalms 1-21, wherein the unmodified anti-EGFR antibody is humanized.

23 The modified anti-EGFR antibody, or antigen-binding fragment thereof,

,.z’"’of claim 22, wherein the unmodified anti-EGFR antibody comprises the variable heavy

chain set forth in SEQ ID NO:28 and the variable light chain set forth in SEQ ID NO:29.
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24.  The modified anti-EGFR antibody, or anhgembmdmg fragment the of of
any of claims 1-20, wherein:

the unmodified anti-EGFR antibody is an antigen-binding fragment; # d

the antigen-binding fragment is selected from among a Fab, Fab', F(#b’),, single-
chain Fv-{scFv), Fv, dsFv, diabody, Fd and Fd’ fragments.

25, The modified anti-BEGFR antibody, or antigen-binding, "' agment thereof,
of claim 24, wherein the unmodified anti-EGFR antibody is a Fab frg#ment; and

the Fab comprises a heavy chain having the sequence of apimo acids set forth in
SEQ ID NO:5 or a sequence of amino acids that exhibits at least# S% sequence 1dentity fo
SEQ ID NQ:5 and a light chain having the sequence of amingg#icids set forth in SEQ ID
NO:2ora sequence of amino acids that exhibits at least 75% equence identity to a- '
sequence of amino acids set forth in SEQ ID NO:2,

26.  The modified anti-EGFR antibody, or a en-binding ﬁ'agment thereof, of
any of claims 11-25, comprising:

‘ a) a variable heavy (VH) chain comprising He sequence of amino acids set forth
in SEQ ID NO:495, 1062, 1112, 1114, 1115, 1114 1117, 1118, 1119, 1124, 1125, 1126,
1127, 1128, 1129, 1130 or 1131, or a sequence g amino acids that exhibits at least 85%
sequence identity to any of SEQ ID NOS: 4951062, 1112, 1114, 1115, 1116, 1117,
1118, 1119,1124, 1125, 1126, 1127, 1128, #129, 1130 or 1131; and

b) a variable light (VL) chain co -- the sequence of amino acids set forth in
SEQ ID NO:4 or 10, or a sequence of agfiino acids that exhibits at 1east 85% sequence
1dent1ty to SEQ ID NOG:4 or 10.

27.  The modified anti-} A FR antibody, or antigen-binding: fragment thcreof of
any of claims 53 1-8 or 11-26, cot pnsmcr

.a) avariable heavy (V } chain comprising the sequence of amino acids set forth
in SEQ ID NO:1062 or 112§ or a sequence of amino acids that exhibits at least 85%
sequence identity to any of SEQ ID NOS: 1062 or 1125; and

b) a variable lig t {VL) chain compnsmg the sequence of amino acids set forth in
SEQIDNO:4 or 10, g 2 sequence of ammo acids that exhibits at least 85% sequence
1d=nt1ty to SEQ ID KO:4 0r 10.

28 _ Fne modified anti-EGFR anmbody, or antigen-binding fragment thereof,
of any of claimy 1 -27 that is humanized.

29. / The modified anti-EGFR antibody, or antlgembmdmﬁ fragment thereof
of claim 2 9 wherein:

e variable heavy chain of the modified anti-EGFR antibody exhibits less than
85% o quenqe identity to the variable heavy chain set forth in SEQ ID NO:3 and greater
anfo5% sequence identity to the variable heavy chain set forth in SEQ ID NO:3; and

the variable light chain of the modified anti-EGFR antibody exhibits less than

. £5% sequence identity to the variable hight chain set forth in SEQ ID NO:4 and greater
40 f7

than 65% sequence identity to the variabie light chain set forth in SEQ ID NO:4.



10

20

25

30

35

40

374

30. The modified anti-EGFR antibody, or antigen-binding ﬁ'agmcn fhereof,
of claim 28 or claim 29, wherein:

the modified anti-EGFR antibody comprises amino acid replacemen '
Y104D/QI11P or T30F/Y104D/Q111P; and

the modified anti-EGFR antibody compnses a sequence of amx Do ac:cis selected

- from among:

ay the variable heavy chain set forthin SEQ ID NG 1134 oy sequence of aminc
acids that exhibits at least §5% sequence identity to SEQ ID NO: 34, and the variable
light chain set forth in SEQ ID NO:1138 or a sequence of amm facids that exhibits at
least 85% sequence identity to SEQ ID'NO:1138;

b) the variable heavy chain set forth in SEQ ID NO/ 134 or a sequence of amino
acids that exhibits at least 85% sequence identity to SEQ JD NO:1134, and the variable
light chain set forth in SEQ ID NO:1139 or a sequence g amino acids that exhibits at
least 85% sequence identity to SEQ ID NO:1139;

¢) the variable heavy chain set forth in SE t NO:1135 or a sequence of amino
acids that exhibits at ieast 85% sequence 1dent1ty "4 SEQ ID NO:1135, and the variable
light chain set forth in SEQ ID NO:1138 or a sefuence of amino acids that exhibits at
least 85% sequence identity to SEQ ID NO: 1 8

d) the variable heavy chain set fo 74 fin SEQ ID NO:1134 or a sequence of amino
acids that exhibits at least 85% sequence fientity to SEQ ID NQ:1134, and the variable
light chain set forth in SEQ ID NO:114for a sequence of amino acids that exhlb1+s at
least 85% sequence 1dent1ty to SEQ I NO: 114¢;

) the variable heavy chai et forth in SEQ ID \IO 1134 or a sequence of amino
acids that exhibits at least 85% sgfjuence identity to SEQ ID NO:1134, and the variable
light chain set forth in SEQ ID } {0:1141 or a sequence of amino acids that exhibits at
Jeast 85% sequence identity tg i EQ ID NG:1141;

f) the variable heayh cham set forth in SEQ ID NO:1134 or a sequence of amino
acids that exhibits at leagff85% sequence identity to SEQ ID NO:1134, and the variable
light chain set forth in 3 Q ID NO:1142 or a sequence of amino acids that exhlbits at
least 85% sequence igk ntlty 10 SEQ IDNO:1142,

g) the varighle beavy chain set forth in SEQ ID NO:1135 or a sequence of amino
acids that exhibitg /at least 85% sequence identity to SEQ ID NO:1135, and the variable
Hght chain set #Arth in SEQ ID NO:1142 or a sequence of amino acids that exhibits at

Jeast 85% seg fience identity to SEQ ID NO:1142;

h) 2 e variable heavy chain set forth in SEQ ID NO:1134 or 2 sequence of amino
acids thaj exkubxts at least 85% sequence identity to SEQ ID NO:1134, and the variable
light chh din set forth in SEQ ID NO:1143 or a sequence of amino acids that exhibits at
least #5% sequence identity to SEQ ID NO:1143;

#° 1) the variable heavy chain set forth in SEQ ID NO:1136 or a sequence of amino
affids that exhibits at least 85% sequence identity to SEQ ID NO:1136, and the variable

/ 1ght chain set forth in SEQ ID NO:1142 or a sequence of amino acids that exhibits at

/,: least 85% sequence identity to SEQ ID NO:1142;

-
A

g7
o
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}) the variable heavy chain set forth in SEQ ID NO:1137 or a sequence offamino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1137, and the ghriable
light chain set forth in SEQ ID NO:1144 or a sequence of amino acids that exjibits at
least 85% sequence identity to SEQID NO:1144; '

k) the variable heavy chain set forth in SEQ ID NO:1136 or a segfience of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1136, ghd the variable
light chain set forth in SEQ ID NO:1144 or 2 sequence of amino acidgfthat exhibits at
least 85% seguence identity to SEQ ID NO:1144;

1) the variable heavy chain set forth in SEQ ID NO:1 , a sequence of aniino
acids that exhibits at least 85% sequence identity to SEQ ID N¢#: 1137, and the variable

light chain set forth in SEQ ID NO:1145 or a sequence of amjfio acids that exhibits at

least 85% sequence identity to SEQ 1D NO:1145;

m) the variable heavy chain set forth in SEQ ID O 1136 or a sequence of amino
acids that exhibits at least 85% sequence identity to SE ID NO:1136, and the variable
light chain set forth in SEQ ID NO:1145 or a sequeng€ of amino acids that exhibits at
least 85% sequence identity to SEQ ID NO:1145; # '

n) the variable heavy chain set forth in ID NO:1146 or a sequence of amino
acids that exhibits at least §5% sequence identify to SEQ ID NO:1146, and the variable
light chain set forth in SEQ 1D NO:1153 or ghequence of amino acids that exhibits at
least 85% sequence identity to SEQ ID NQ# 1353;

-0} the variable heavy chain set grth in SEQ ID NO:1147 or a sequence of amino
acids that exhibits at least 85% seque fe identity io SEQ ID NO:1147, and the variable
light chain set forth in SEQ ID NO: 453 or a sequence of amino acids that exhibits at
least 85% sequence identity to SE ID NO: 1153;

p) the variabie heavy y_-: n set forth in SEQ ID NO:1148 or a sequence of amino
acids that exhibits at least 85° ¥ sequence identity to SEQ ID NO:1148, and the variable
light chain set forth in SEQAD NO:1154 or & sequence of amino acids that exhibits at
least 85% sequence identjfs ' to SEQ ID NO:1154; :

q) the variablefeavy chain set forth in SEQ ID NQ:1149 or a sequence of amino
acids that exhibits at Jast 85% sequence identity to SEQ ID NO:1149, and the variable
light chain set fortifn SEQ ID NO:1154 or a sequence of amino acids that exhibits at
least 85% sequengk identity to SEQ ID NO:1154;

r) the yhriable heavy chain set forth in SEQ ID NO:1150 or a sequence of amino
acids that exif bits at least 85% sequence identity to SEQ ID NO:1150, and the variabie
light chain #&¢ forth in SEQ ID NO:1155 or a sequence of amino acids that exhibits at
Jeast 85',sequence identity to SEQ ID NO:1155;

the variable heavy chain set forth in SEQ ID NO:1151 or a sequence of amino
acid that exhibits at least 85% sequence identity to SEQ ID NO:1151, and the variable
lig - " chain set forth in SEQ ID NO:1156 or a sequence of amino acids that exhibits at
fast 85% sequence identity to SEQ ID NQ:1156;

't} the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of amino

acids that exhibits at least 85% sequence identity to SEQ ID NO:1146, and the variable
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light chain set forth in SEQ ID NO:1156 or a sequence of amino acids that exh1b1t t
least 85% sequence identity to SEQ ID NO:1156; .

u) the variable heavy chain set forth in SEQ ID N0:1149 or a sequenc# of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1149, and t}fe variable
light chain set forth in SEQ ID NO:1156 or a sequence of amino acids tha xhlbzts at
least 85% sequence identity to SEQ ID NO:1156; ;

v) the variable heavy chain set forth in SEQ ID NO:1150 or ay equcmce of amino
acids that exhibits at least 85% sequence 1(ient1ty to SEQ ID NO:1130, and the variable
light chain set forth in SEQ ID NO:1157 or a sequence of amino 2 ds that exhibits at
least 85% sequence identity to SEQ ID NO:1157;

w) the variable heavy chain set forth in SEQ ID NO: __ ': ora s‘eéuence of amino
acids that exhibits at least 85% sequence identity to SEQ IDYNO:1152, and the variable
light chain set forth in SEQ ID NO:1157 or a sequence of fmino acids that exhibits at

“least 85% sequence identity to SEQ ID NO:1157;

x) the variable heavy chain set forth in SEQ I NO:1148 or a sequence of amino
acids that exhibits at least 85% sequence identity tof8EQ ID NO:1148, and the variable
light chain set forth in SEQ ID NO:1157 or a seqfnce of amino acids that exhibits at
least 83% sequence identity to SEQ ID NO:1137,

y) the variable heavy chain set forth i SEQ ID NO:1149 or a sequence of amino
acids that exhibits at least 83% sequence i ntlty to SEQ ID N©O:1149, and the variable
light chain set forth in SEQ ID NO: 1157 gr a sequence of amino acids that exhibits at
least 85% sequence identity to SEQ ID 011157,

z) the variable heavy chain s £ forth in SEQIDNO:1150 ora sequence of amino
acids that exhibits at least 85% seqfence identity to SEQ ID NO:1150, and the variable
hght chain set forth in SEQ ID J 1186 or a sequence of amino acids that exhibits at
least 85% sequence identity to & Q ID NO:1186; )

aa) the variable heay# cham set forth in SEQ 1D NO: 115 2 or a sequence of amino
acids that exhibits at least #5% sequence identity to SEQ ID NO:1152, and the variable .
light chain set forth in S} QIDNO:11860r a sequence of amino acids that exhibits at
least 85% sequence idgf nty io SEQ ID NO:1186;

bb) the varig ie heavy chain set forth in SEQ ID NO 1148 or a sequence of amino
acids that exhibitg/ bt least 85% seguence identity to SEQ ID NO:1148, and the variable
light chain set fgfth in SEQ ID NO:1186 or a sequence of amino aclds that exhibits at
least 85% scq £nce identity to SEQ ID NO:1186;

cc) A be varizble heavy chain set forth in SEQ ID NO:1149 or a sequence of amino
acids that£xhibits at least 835% sequence identity to SEQ ID NO:1149, and the variabie
iight chgfin set forth in SEQ ID NO:1186 or a sequence of amino acids that exhibits at
least '8 % sequence identity to SEQ ID NO:1186;

dd) the variable beavy chain set forth in SEQ ID NO:1150 or a sequence of amino
Y 4 ds that exhibits at least 85% sequence identity to SEQ ID NO:1150, and the variable
Aight chain set forth in SEQ ID NO:1158 or 2 sequence of amino acids that exhibits at

/ ieast 85% sequence identity to SEQ ID NO:1158;
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ee) the variable heavy chain set forth in SEQ ID NO:1152 or a sequence ofamino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1152, and the v#riable
light chain set forth in SEQ ID NO:1159 or a sequence of amino acids that exhbits at
least 85% sequence identity to SEQ ID NO:1159; ‘

ff) the variable heavy chain set forth in SEQ ID NO:1146 or a seq nce of amino
acids that exhibits at least 85% sequence identity to SEQ ID NO:1146, ghd the variable
light chain set forth in SEQ 1D NO:1159 or a sequence of amino acnd hat exhibits at
least 85% sequence identity to SEQ ID NO:1159;

gg) the variable heavy chain set forth in SEQ ID NO:1 14g/or 2 sequence of amino
acids that exhibits at least 85% sequence identity to SEQ ID NQF1146, and the variable
light chain set forth in SEQ ID NO:1157 or a sequence of amipfo acids that exhibits at
least 85% sequence identity to SEQ ID NO:1157; and

hh)  the variable heavy chain set forth in SEQ Jb NO:1146 or a sequence of
amino acids that exhibits at least 85% sequence identityfto SEQ ID NO:1146, and the
variable light chain set forth in SEQ ID NO:1186 or glsequence of amino acids that
exhibits at least 85% sequence identity to SEQ ID }) 0 1186.

31, The modified anti-EGFR antib o or antigen-binding fragment thereof,
of claim 26, 27 or 30 , wherein the sequence id#ntity is at least 86%, 87%, 88%, 89%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 9798%, 99% or more thereto.

32.  The anti-EGFR antibody op tigen binding fragment of any of claims 1-
31 that is a full-length IgG antibody. #

33. The modified anti-E R antibody or antigen binding fragment of cialm
32, that comprises: . '

a heavy chain constant rgf fion set forth in any of SEQ ID N(8:22-25, 1069 and
1070, or a variant thereof that fhibits at least 85% sequence identity thereto; and

o light chain constary egmn set forth in any of SEQ ID NQS: 1072-1073, 0r 2
variant thereof that exhibig Fat Jeast 85% sequence identity thereto.

34, The b 1ﬁed anti-EGFR antibody or antigen binding fragment of any of
claims 1-31 that is apfantigen-binding fragment selected from among a Fab, Fab', F(ab™),,
single-chain Fv (sc o), Fv, dstv, diabody, Fd and Fd' fragments.

35. Fhe modified dnti-EGFR antibody, or antigen-binding fragment, of
claim 34 that i a Fab or scFv.
36. / The modified anti-EGFR antibody, or antigen-binding fragment, of any

of cia.nns £35 that is isolated or purified.

: A conjugate, comprising a modified anti-EGFR antibody, or antigen-
bindigt fragment thereof, of any of claims 1-36 linked directly or indirectly to a targeted
ag ‘.

38. The conjugate of claim 37, comprising the following components:

) _;*‘(Ab), (L})q, and (targeted agent)y,, wherein:

Ab is the modified anti-EGFR antibody or antigen-binding fragment thereof that
binds to EGFR;
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L is a linker for linking the Ab to the targeted agent;

m is at least 1;

¢ is 0 or more as long as the resulting conj ucafe binds to the EGFR;/
the resulting conjugate binds to the EGFR.
39.  The conjugate of claim 38, wherein m is 1 to 8 and q is, f to 8.

. 40.  The conjugate of any of claims 36-39, wherein the tof eted agent is a
protein, peptide, nucleic acid or small molecule. s

41, The conjugate of any of claims 36-40, wherem ; targeted agent is a
therapeutic moiety. - '

42.  The conjugate of claim 41, wherein the thergheutic moiety is a cytotoxic
moiety, 2 radioisotope, a chemotherapeutic agent, a Iytlc eptlde or a cytokine.

43.  The conjugate of claim 42, wherein the, A erapeutic moiety is selected from
among taxol; cytochalasin B; gramicidin D; ethidiugy bromide; emetine; mitomycin;
etoposide; tenoposide; vincristine,; vinbiastine; colghicin; doxorubicin; daunorubicin;
dihydroxy anthracin dione; maytansine or an anafog or derivative thereof, an auristatin or
2 functional peptide analog or derivative theregf, dolastatin 10 or 15 or an analogue
thereof; irinotecan or an analogue thereof; migoxantrone; mithramycin; actinomycin D; 1-
dehydrotestosterone; a glucocorticoid; procghne; tetracaine; lidocaine; propranolol;

‘puromyein; calicheamicin or an analog orfierivative thereof, an antimetabolite; an

alkylating agent; a platinum derivative; .f ocarmycin A, duocarmycin SA, rachelmycin
(CC-1065), or an analog or derivative hereof; an antibiotic; pyrrolo[2;1-c]fl, 4]-
benzodiazepines (PDB); a toxin; ribgnuclease (RNase); DNase I, Staphylococcal
epterotoxin A; and pokeweed antiy ral protein.

44,  The conjugate off Iaxm 42 or claim 43, wherem the therapeutic moiety 15 2
maytansine derivative that is g maytansmoxds selected from among ansamitocin or
mertansme: (DM1). '

"45.  The conjy ate of claim 42 or claim 43, wherein the therapeutic moiety is
an auristatin or a functi#nal peptide analog or derivative thereof that is monomethyl
auristatin E (MMAE br F (MMAF)..

46,  Thet onjuaatn of claim 42 or claim 43, wherein the therapeuuc moiety is
an antimetabolitefselected from among methotrexate, 6 mercaptopurine, 6 thioguanine,
cytarabine, ﬂu 4 abm, 5 fluorouracil, decarbazine, hydroxyurea, asparaginase,
gemcxtabmc nd cladribine.

47.4  The conjugate of claim 42 or claim 43, wherein the therapeutic moiety is
an alkyl ng agent selected from among mechlorsthamine, thiogpa, chlorambucil, .
melphadhn, carmustine (BSNU), lomustine (CCNU), cyclophosphamide, busulfan,
dlbro omanmtol streptozotocin, dacarbazine (DTIC), procarbazine and mitomycin C.

48.  The conjugate of claim 42 or claim 43, wherein the thcrapeutlc moiety is a
atmum derivative that is cisplatin or carboplatin.
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49.  The conjugate of claim 42 or claim 43, wherein the therapeutic mioj ty ig
an antibiotic selected from among dactinomycir, bleomycin, daunorubicin, doxgfubicin, .
idarubicin, mlth:amycm mitomycin, mitoxantrone, plicamycin and anihramyc' {AMC).

50.  The conjugate of claim 42 or claim 43, wherein the therapeu® moiety is a
toxin selected from among a diphtheria toxin and active fragments thereofdnd hybrid
molecules, a ricin toxin, cholera toxin, a Shiga-like toxin, LT toxir, C3 fxin, Shiga toxin,
pertussis toxin, fetanus foxin, soybean Bowman-Birk protease inhibitog Pseudomonas

- exotoxin, alorin, saporin, modeccin, gelanin, abrin A chain, modeccif A chain, alpha-

sarcin, Aleurites fordii proteins, dianthin proteins, Phytolacca amegfana proteins,
momordica charantia inhibitor, curcin, crotin, , gelonin, m1togell' restrictocin,
phenomycin, and enomycin toxins.

" 51.  The conjugate of any of claims claim 37-50, yherein the antibody and
targeted agent are linked directly.

"52. The conjugate of any of claims 37-50, v fercin the antibody and targeted
agent are joined via a linker.

53, The conjugate of claim 32, wherem e linker comprises a peptide or a
polypeptide or is a chemical linker. -

54, The conjugate of claim 52 or cly n'i 53, wherein the linker is a cleavabic
linker or a non-cleavable linker. - / .

55, The conjugate of any of 5 52-54, wherein the linker is conjugated to
one or more free thiols on the antibody

56. The conjugate of anyfof claims 52- 54, wherein the linker is conjugated to
one or more primary amines. g

57. A nucleic acid b 1ecu.ie(s), comprising a sequence of nucleotides
encoding modified ann—EGF R #ntibody, or antigen-binding fragment thereof, of any of
claims 1-36. i ‘

58. A nucleic ag " molecule, comprising a sequence of nucleotides encoding
the heavy chain of any g Fthe antl—BGFR annbody, or antigen-binding fragment thereof,
of any of claims 1-36. £

59, Any eic acid molecule, comprising a sequence of nucleotides encoding
the light chain of ¢ "y of the anti-EGFIR antibody, or antigen-binding fragment thereof, of

60. / A vector, comprising the nucleic acid molecuie(s) of any of claims 57-59.
61 A cell, comprising a vector or vactors of claim 60.

The cell of claim 61, wherein the cell is a prokaryotic or eukaryotic cell.

-"""63. A method of making 2 modified anti-EGFR antibody, or antigen-binding
fraghnent thereof, comprising expressing the heavy chain or light chain encoded from a
vgetor or vectors of claim 60 encoding the heavy chain and the light chain in a snitable

‘,ost cells and recovering the antibody.

64, The method of claim 63, wherein: -
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the encoded antibody, or antigen-bind fragment thereof are any of claimyg21-28 ;
and _ ‘

greater than 1 mg/mL antibody 1s produced by the host cell.

65. - A combination, comprising:

a modified anti-EGFR antibody or antigen-binding fragment off ny of claims 1-
36 or a conjugate of any of claims 37-58; and -

a chemotherapeutic agent or anti-cancer agent.

66.  The combination of claim 65, wherein the chemg f erapeutic agent is

‘selected from among alkylating agents, nitrosoureas, topmso frase inhibitors, and

antibodies.

67.  The combination of claim 65, wherein the g emotharaneunc agent is
selected from among irinotecan, oxaliplatin, S-fluorourafil (5-FU), Xelode, Camptosar
Eloxatin, Adriamycin, paclitaxel, docetaxel, Cisplatiry feemcitabine and carboplatin.

68.  The combination of any of claims 6 67, wherein the ch@motherapeuﬁc
agent is an additional anti-EGFR antibody or an / En-binding fragment ther’cof that
differs from the first antibody. 4

69.  The combination of claim 68, herem the additional anti-BGFR antibody
is selected from among cetuximab, paniturgfimab, nimotuzumab, and antigen-binding
fragments thereof or variants thereof. ‘ ) '

70. - AXkit comprising the anj ody or antigen-binding fragment of any of
claims 1-36, comugates of any of clayhns 37-56 or the combination of any of claims 65-
69, in one or more containers, and /strucuons for use.

71. A pharmaceuticgl composition comprising:

-a modified anti-EGF R / itibody or antigen-binding fragment of any of claims 1-
36, conjugate of any of claigfs 27-56 or the combination of any of clalms 65-69; and

a pharmaceutlcaﬁ acceptable carrier or excipient.

72.  The phay! haceutical composition of claim 71 that is formulated as a gel,
ointment, liquid, suspénsion, aerosol, tablet, pill, powder or lyophile.

73.  The ,harmaceutxcai composition of claim 71 or claim 72 that is formulated
for systemic, parg hteral, topical, oral, mucosal, intranasal, subcutaneous, aerosolized,
intravenous, brgnchial, pulmonary, vaginal, vulvovaginal, esophageal, or oroesophageal
administratiof’.

74 The pharmaceutical composition of any of claims 71-73- that is formulated
for singlgfdosage administration.

; 5.  The pharmaceutical composition of any of claims 71-73 that is formulated
for gfultiple dosage administration.

76.  The pharmaceutical composition of any of claims 71-73 that is a sustained

elease formulation.
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80, The method of claim 78 or claim 79, wherein the t

81.  The method of any of any of claims 77-80, wherei
responsive 1o freatment with an anti-EGFR antibody is head andsheck cancer, non-small
cell lung cancer or colorectal cancer. f

82. The method of any of claims 77-81, whereinghe subject has a tumor that
does not comprise a marker that confers resistance to antifEGFR therapy.

83. The method of claim 82, wherein the mgfker is a mut:ation in KRAS, NRAS
or BRAF. 4

84.  The method of any of claims 77-81 4 (vherein the subject has a KRAS
mutation-negative epidermal growth factor rec epfor (EGFR)-expressing colorectal cancer.

85.  The method of any of claims wherein the subject is a mammal.
86.  The method of any of ~ 7-85, wherein the subject is a human.

87.  The method of any of 77-86, wherein the pharmaceutical
composition is administered topically, garenterally, locally, or systemically.

" 88. The met_hod of any laims 77-87, wherein the pharmaceutical '
composition is administered intrapfisally, intramuscularly, intradermally,
intraperitoneally, intravenously, gubcutaneously, orally, or by pulmonary administration.

89,  Themethod o -'.5"- of claims 77-88, further comprising administration of
one or more anticancer agepfs or freatments '

90.  The methgt of claim 89, wherein the anticancer agent or treatment is
selected from among ir#iotecan, oxaliplatin, 5-fluorouracil (5- FU) Xeloda, Camptosar,
Eloxatin, Adrxamym 4 pachtaxel docetaxel, Cisplatin, gemcitabine, carboplatin and
radiation. ’

91. Tk method of any of claims 77-90, further comprising administering one
or more additi Y aI anti-BEGFR antibodies or antigen-binding fragments thereof.

92. f The method of claim 91, wherein the one or more additional anti-EGFR
antibodies gre e selected from among cetuximab, panitumumab, nimotuzumab, and antigen-
binding ﬂ"gments thereof.

Vs /3. The method of any of claims 89-62, wherein the pharmaccuncal
com,_smon and the anticancer agent are formulated as a single composition or as
firate compositions.

/ 94,  The method of any of claims 89-93, wherein the pharmaceutical
'composmon and the anticancer agent are adm:mstered sequeritially, simultaneously or
'40_{’/ 1nterrmttent1v
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95. The method of any of claims 77-94, wherein the antibody, or antigeng ihding
fragment thereof, 15 administered at a dosage of about or 0.1 mg/kg to 100 mg/lgg, 0.5

mg/kg to 50 mg/kg, 5 mg/kg to 50 mg/kg, 5 1 mgskg 1o 20 mg/kg, 1 mg/kg to 00 mg/kg,
10 mg/kg to 80 mglke, or 50 mg/ke to 100 mg/ke. :

96. The method of any of claims 77-95, wherein the antibod ;r or A tlgan—blndmg
fragrnent thereof, is administered at 2 dosage of about or 0.01 rng/m Ebout or 800
mg/m®.

97. The method of any of claims 77-96, wherein the antjbody, or antigen-
binding fracrment thereof 1s adrmmstered ata dosaﬂe of at least g at least about or about
or 0.01 mg/m?, 0. 1 mg/m?, O 5 mg/m?, 1 mg/m?, 3 mg/rn 10 dim®, 15 mg/m 20
mg/mz, 25 mg/m®, 30 mg/m?, 35 mg/m®, 40 mg/m?, 45 mcr/m /50 m% 2100 mg/m 150
mg/m®, 3 200 mg/m?*, 250 mg/m 300 meg/m>, 400 mg/ m* S 0 mg/ m’, 600 mg/ m* or 700
mg/ m”.

98. A pharmaceutical composition of any o laims 71-76 formulated as a
medicament for treating a condmon responsive to tr ent with an anti-EGFR antibody
in 2 subject.

99.  Use of a pharmaceutical composiy on of any of claims 71-76 for treating a
condition responsive to treatment with an arm— FGFR antibody in a subject.

100 The pharmaccuucal composi fon of claim 98 or the use of claim 99,
wherein the condition responsive to treatmynt with an anti-EGFR antibody is a tumer,
cancer or metastasis,

101, The pham‘xaccuncal cog pos1t.on or use of ciaim 100, wherein the tumor
expressess EGFR. ,

102.  The pharmaceuticg composition or use of claim 100 or claim 101,
wherem the tumor is a solid t ot

103. The phar'nab at;cal compesition or use of any of claims 99-102, wherein
the condition responsive tgfireatment with an anti-EGFR antibody is head and neck
cancer, non-small cell 1 g cancer or colorectal cancer.



CLAIMS:

1. A modified anti-EGFR antibody, or antigen-binding fragment thereof, comprising the
amino acid replacement Y 104D in the vartable heavy chain of the unmodified antibody, wherein:

the modified anti-EGFR antibody or antigen-binding fragment thereof comprises a variable
heavy (VH) chain and a variable light (V1) chain, or a portion thercof that is sufficient to bind EGFR
antigen, whereby one or both of the VH or VL is modified;

the portion thereof is sufficient to form an antigen binding site and contains the amino acid
replacement;

the unmodified anti-EGFR antibody is selected from among:

1) cetuximab, or an antigen-binding fragment thereof, comprising a variable heavy
chain set forth in SEQ ID NO:3 and a variable light chain set forth in SEQ ID NO:4 or 10;

it) a varlant of 1) comprising a variable heavy chain having a sequence of amino acids
that exhibits at least 85% sequence identity to the sequence of amino acids set forth in SEQ ID NO:3,
and a variable light chain having a sequence of amino acids that exhibits at least 85% sequence
identity to the sequence of amino acids set forth in SEQ ID NO:4 or 10, wherein the variant does not
comprise the amino acid replacement and specifically binds to EGFR; and

i) a humanized form of 1) or ii).

2. The modified anti-EGFR antibody, or antigen-binding fragment thereof of claim 1,
wherein:

the modified anti-EGFR antibody, or antigen-binding fragment thereof, exhibits a ratio of
binding activity to human epidermal growth factor receptor (EGFR) or a soluble fragment thereof
under conditions in a tumor environment compared to under conditions in a non-tumor environment
of at least 2.0 or at least 3.0;

conditions in a tumor environment comprise one or both of pH between or about between 6.0
to 6.5 or lactate concentration between or about between 5 mM to 20 mM, and protein concentration
of 10 mg/mL to 50 mg/mlL;

conditions in a non-tumor environment comprise one or both of pH of about 7.4 or lactate
concentration between or about between 0.5 mM to 5 mM, and protein concentration of 10 mg/mL to
50 mg/mL , whereby the anti-EGFR antibody or fragment thereof 1s conditionally active under
conditions in a tumor microenvironment.

3. The anti-EGFR antibody, or antigen-binding fragment thereof, of claim 1 , wherein
the anti-EGFR antibody, or antigen-binding fragment thereof, exhibits the ratio of activity under
conditions that exist in a tumor microenvironment that comprise a pH of between or about between
6.0 to 6.5 compared to under conditions that exist in a non-tumor microenvironment that comprise a
pH of about 7.4.

4, The anti-EGFR antibody, or antigen-binding fragment thereof, of any of claims 1-3,
wherein the anti-EGFR antibody or, or antigen-binding fragment thereof, exhibits the ratio of activity
under conditions of a tumor microenvironment that comprise pH of 6.0 to 6.5 and lactate
concentration of 10 mM to 20 mM compared to under condition of a non-tumor microenvironment
that comprise pH of 7.0 to 7.4, inclusive, and lactate concentration of 0.5 mM to 2 mM.
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5. The anti-EGFR antibody, or antigen-binding fragment thereof, of any of claims 1-4,
wherein the protein concentration under conditions in a tumor microenvironment and under
conditions in a non-tumor microenvironment is substantially the same or is the same.

6. The anti-EGFR antibody, or antigen-binding fragment thereof, of any of claims -5,
comprising:
a) a variable heavy (VH) chain comprising the sequence of amino acids set forth in SEQ

1D NO:495, 1062, 1112, 1114-1117, 1124-1126, 1128-1130, 1134-1137, or 1146-1152, 0or a
sequence of amino acids that exhibits at least 85% sequence identity to any of SEQ ID NOS: 495,
1062, 1112, 1114-1117, 1124-1126, 1128-1130, 1134-1137, or 1146-1152; and

b) a variable light (VL) chain comprising the sequence of amino acids set forth in SEQ
ID NO:4, 10, 1138-1145, 1153-1159 or 1186, or a sequence of amino acids that exhibits at least 85%
sequence identity to SEQ 1D NO:4, 10, 1138-1145, 1153-1159 or 1186.

7. The anti-EGFR antibody, or antigen-binding fragment thereof, of any of claims 1-6,
selected from among an antibody comprising:

a) the variable heavy chain set forth in SEQ ID NO:495 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NQ:495, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at Jeast §85% sequence identity to
SEQ ID NO:4 or 10;

b) the variable heavy chain set forth in SEQ ID NO:1062 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1062, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence ldentzty to
SEQ ID NO:4 or 10;

c) the variable heavy chain set forth in SEQ ID NO:1112 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1112, and the variable light chain set forth
mn SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:4 or 10;

dy the variable heavy chain set forth in SEQ ID NO:1114 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1114, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:4 or 10;

e) the variable heavy chain set forth in SEQ ID NO:1115 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1115, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQID NG:4 or 10;

f) the variable heavy chain set forth in SEQ ID NO:1116 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ 1D NO:1116, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQID NO:4 or 10;

) the variable heavy chain set forth in SEQ ID NO:1117 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1117, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQID NO:4 or 10;

k) the variable heavy chain set forth in SEQ ID NO:1124 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1124, and the variable light chain set forth
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in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQID NO:4 or 10;

1) the variable heavy chain set forth in SEQ ID NO:1125 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1125, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:4 or 10,

i3 the variable heavy chain set forth in SEQ ID NO:1126 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1126, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:4 or 10;

k) the variable heavy chain set forth in SEQ TD NO:1128 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1128, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:4 or 10;

1) the variable heavy chain set forth in SEQ ID NO:1129 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1129, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:4 or 10;

m) the variable heavy chain set forth in SEQ ID NO:1130 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1130, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity fo
SEQID NG:4 or 10;

n) the variable heavy chain set forth in SEQ ID NO:1134 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1134, and the variable light chain set forth
in SEQ ID NO:1138 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1138;

0) the variable heavy chain set forth in SEQ ID NO:1134 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ 1D NO:1134, and the variable light chain set forth
in SEQ ID NO:1139 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1139;

P) the variable heavy chain set forth in SEQ ID NO:1135 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1135, and the variable light chain set forth
in SEQ ID NO:1138 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1138;

Q) the variable heavy chain set forth in SEQ ID NO:1134 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1134, and the variable light chain set forth
in SEQ ID NO:1140 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1140;

1) the variable heavy chain set forth in SEQ ID NO:1134 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1134, and the variable light chain set forth
in SEQ ID NO:1141 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1141;

5} the variable héavy chain set forth in SEQ ID NO:1134 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1134, and the variable light chain set forth
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in SEQ ID NO:1142 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1142;

1) the variable heavy chain set forth in SEQ ID NO:1135 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1135, and the variable light chain set forth
in SEQ ID NO:1142 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1142;

u) the variable heavy chain set forth in SEQ ID NO:1134 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1134, and the variable light chain set forth
in SEQ ID NO:1143 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1143;

V) the variable heavy chain set forth in SEQ ID NO:1136 or a sequence of amino acids
that exhibits at least 8§5% sequence identity to SEQ ID N(O:1136, and the variabie light chain set forth
in SEQ ID NQO:1142 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1142;

W) the variable heavy chain set forth in SEQ ID NO:1137 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NQO:1137, and the variabie light chain set forth
in SEQ ID NO:1144 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1144; :

X) the variable heavy chain set forth in SEQ ID NO:1136 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1136, and the variable light chain set forth
in SEQ ID NO:1144 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1144;

y) the variable heavy chain set forth in SEQ ID NO:1137 or 2 sequence of amino acids that
exhibits at least 85% sequence identity to SEQ 1D NO:1137, and the variable light chain set forth in
SEQ ID NO:1145 or a sequence of amino acids that exhibits at least 85% sequence identity to SEQ
ID NO:1145;

z) the variable heavy chain set forth in SEQ 1D NO:1136 or a sequence of amino acids
that exhibits at least §5% sequence identity to SEQ ID NO:1136, and the variable light chain set forth
in SEQ ID NO:1145 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1145;

aa) the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1146, and the variable light chain set forth
in SEQ ID NO:1153 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1153;

bb)  the variable heavy chain set forth in SEQ ID NO:1147 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1147, and the variable light chain set forth
in SEQ ID NO:1153 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1133;

cc) the variable heavy chain set forth in SEQ ID NO:1148 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1148, and the variable light chain set forth
in SEQ ID NO:1154 or a sequence of amino acids that exhibits at least §5% sequence identity to
SEQ ID NO:1154;

dd)  the variable heavy chain set forth in SEQ ID NO:1149 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1149, and the variable light chain set forth
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in SEQ ID NO:1154 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1154;

ee)  the variable heavy chain set forth in SEQ ID NO:1150 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1150, and the variable light chain set forth
in SEQ ID NO:1155 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1155;

jid) the variable heavy chain set forth in SEQ ID NO:1151 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1151, and the variable light chain set forth
in SEQ ID NO:1156 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1156;

gg)  the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1146, and the variable light chain set forth
in SEQ ID NO:1156 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1156;

bh)  the variable heavy chain set forth in SEQ ID NO:1149 or a sequence of amino acids
that exhibits at least §5% sequence identity to SEQ ID NO:1149, and the variable light chain set forth
in SEQ ID NO:1156 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1156;

i) the variable heavy chain set forth in SEQ ID NO:1150 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ 1D NO:1150, and the variable light chain set forth
in SEQ ID NO:1157 or a sequence of amino acids that exhibits at least §5% sequence identity to
SEQ ID NO:1157,

1) the variable heavy chain set forth in SEQ ID NO:1152 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1152, and the variable light chain set forth
in SEQ ID NO:1157 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1157,

kk)  the variable heavy chain set forth in SEQ ID NO:1148 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1148, and the variable light chain set forth
in SEQ ID NO:1157 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1157;

11 the variable heavy chain set forth in SEQ ID NO:1149 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1149, and the variable light chain set forth
in SEQ ID NO:1157 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1157;

mm) the variable heavy chain set forth in SEQ ID NO:1150 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1150, and the variable light chain set forth
in SEQ ID NO:1186 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1186;

nn)  the variable heavy chain set forth in SEQ ID NO:1152 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1152, and the variable light chain set forth
in SEQ 1D NO:1186 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1186;

00)  the variable heavy chain set forth in SEQ ID NO:1148 or a sequence of amino acids
that exhibits at least 5% sequence identity to SEQ ID NO:1148, and the variable light chain set forth
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in SEQ ID NO:1186 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1186;

pp)  the variable heavy chain set forth in SEQ ID NO:1149 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ D NO:1149, and the variable light chain set forth
in SEQ ID NO:1186 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1186;

qq)  the variable heavy chain set forth in SEQ ID NO:1150 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1150, and the variable light chain set forth
in SEQ ID NO:1158 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1158;

rr) the variable heavy chain set forth in SEQ ID NO:1152 or a sequence of amino acids that
exhibits at least 85% sequence identity to SEQ ID NO:1152, and the variable light chain set forth in
SEQ ID NO:1159 or a sequence of amino acids that exhibits at least 85% sequence identity to SEQ
ID NO:1159;

s8) the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1146, and the variable light chain set forth
in SEQ ID NO:1159 or a sequence of amino acids that exhibits at ieast 85% sequence identity to
SEQ ID NO:1159;

tf) the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1146, and the variable light chain set forth
in SEQ ID NO:1157 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1157;

un)  the variable heavy chain set forth in SEQ ID NO:1146 or a sequence of amino acids
that exhibits at Jeast 85% sequence identity to SEQ 1D NO:1146, and the variable light chain set forth
in SEQ ID NO:1186 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:1186; and

vv)  the variable heavy chain set forth in SEQ ID NO:1118 or a sequence of amino acids
that exhibits at least 85% sequence identity to SEQ ID NO:1118, and the variable light chain set forth
in SEQ ID NO:4 or 10 or a sequence of amino acids that exhibits at least 85% sequence identity to
SEQ ID NO:4 or 10.

8. The anti-EGFR antibody, or antigen-binding fragment thereof, of claim 6 or claim 7,
wherein sequence identity is at least 86%, 87%, 88%, §9%, 90%, 91%, 92%, 93%, 94%, 95%, 96%,
97%, 98%, 98%, 99% or more.

9. The modified anti-EGFR antibody or fragment thereof of claim 1, wherein:

a} the variable heavy chain, or portion thereof, of the modified anti-EGFR antibody
contains an amino acid replacement corresponding to an amino acid replacement selected from
among V24E, V241, V241, S25C, S25H, S25R, S25A, S25D, 825G, S25M, S25Q), 825V, 8251,
S28C, L29H, N31H, G54D, G548, F63R, Fo3C, F63M, F63P, F63S, Te4V, L67G, D72L, D72P,
D72W, N73Q, K75H, K75G, K75P, K75W, §761, §76V, Q77E, T100P, Y104S, Y104V, Qi11land
Q111V, with reference to amino acid posttions set forth in SEQ ID NO:3, wherein:

corresponding amino acid positions are identified by alignment of the VH chain of the
antibody with the VH chain set forth in SEQ ID NO:3; and

the portion thereof is sufficient to form an antigen binding site and contains the amino
acid replacement; and/or
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b) the variable light chain, or portion thereof, of the modified anti-EGFR antibody
contains an amino acid replacement corresponding to an amino acid replacement selected from
among L4F, L4V, T5P and R24G, with reference to amino acid positions set forth in SEQ ID NQO:4,
wherein:

corresponding amino acid positions are identified by alignment of the VL chain of the
antibody with the VL chain set forth in SEQ ID NO:4; and

the portion thereof is sufficient to form an antigen binding site and contains the amino
acid replacement.

10. The modified anti-EGFR antibody of claim 9, wherein:

the variable heavy chain, or portion thereof, of the modified anti-EGFR antibody contains a
further amino acid replacement selected from among V24E, S25C, S25V, F27R, T30F, S53G, D721,
R97H, Y104D and Q111P.

11.  The modified anti-EGFR antibody, or antigen-binding fragment thereof, of any of
claims 1-10, wherein the unmodified cetuximab antibody, antigen-binding fragment thereof or
variant thereof comprises:

a heavy chain having a sequence of amino acids set forth in SEQ ID NO:1 or a sequence of
amino acids that exhibits at least 85% sequence identity to the sequence of amino acids set forth in
SEQ ID NO:1 and a light chain having a sequence of amino acids set forth SEQ ID NO:2 or a
sequence of amino acids that exhibits at least 85% sequence identity to the sequence of amino acids
set forth in SEQ ID NO:2; or

a heavy chain having a having a sequence of amino acids set forth in SEQ ID NO: 8 or a
sequence of amino acids that exhibits at least 85% sequence identity to the sequence of amino acids
set forth in SEQ ID NO:8 and a light chain having a sequence of amino acids set forth SEQ ID NO:9
or a sequence of amino acids that exhibits at least 85% sequence identity to the sequence of amino
acids set forth in SEQ ID NO:9.

12. The modified anti-EGFR antibody, or antigen-binding fragment thereof, of any of
claims 1-11, wherein the unmodified anti-EGFR antibody is humanized.

13. The modified anti-EGFR antibody, or antigen-binding fragment thereof, of claim 12
wherein the unmodified anti-EGFR antibody comprises the variable heavy chain set forth in SEQ ID
NO:28 and the variable light chain set forth in SEQ ID NO:29.

14, The modified anti-EGFR antibody, or antigen-binding fragment thereof, of any of
claims 1-13, wherein:

the unmodified anti-EGFR antibody is an antigen-binding fragment; and

the antigen-binding fragment is selected from among a Fab, Fab’, F(ab’),, single-chain Fv
{(scFv), Fv, dsFv, diabody, Fd and Fd’ fragments.

15. The modified anti-EGFR antibody or antigen binding fragment of any of claims 1-14
that is a full-length IgG antibody or is an antigen-binding fragment selected from among a Fab, Fab',
F(ab’),, single-chain Fv (scFv), Fv, dsFv, diabody, Fd and Fd’ fragments.

16. A conjugate, comprising a modified anti-EGFR antibody, or antigen-binding
fragment thereof, of any of claims 1-15 linked directly or indirectly to a targeted agent.

17. The conjugate of claim 16, wherein the targeted agent is a therapeutic moiety.

18.  The conjugate of claim 17, wherein the therapeutic moiety is a cytotoxic moiety, a
radioisotope, a chemotherapeutic agent, a lytic peptide or a cytokine.
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19. The conjugate of claim 18, wherein the therapeutic moiety is selected from among
taxol; cytochalasin B; gramicidin D; ethidium bromide; emetine; mitomycin; etoposide; tenoposide;
vincristine; vinblastine; colchicin; doxorubicin; daunorubicin; dihydroxy anthracin dione; maytansine
or an analog or derivative thereof; an auristatin or a functional peptide analog or derivative thereof:
dolastatin 10 or 15 or an analogue thereof; irinotecan or an analogue thereof, mitoxantrone;
mithramycin; actinomycin D; 1-dehydrotestosterone; a glucocorticoid; procaine; tetracaine;
lidocaine; propranolol; puromycin; calicheamicin or an analog or derivative thereof: an
antimetabolite; an alkylating agent; a platinum derivative; duocarmycin A, duocarmycin SA,
rachelmycin (CC-1065), or an analog or derivative thereof; an antibiotic; pyrrolo[2,1-c]{], 4]-
benzodiazepines (PDB); a toxin; ribonuclease (RNase); DNase I, Staphylococcal enterotoxin A; and
pokeweed antiviral protein.

20. - The conjugate of claim 18 or claim 19, wherein the therapeutic moiety is a maytansine
derivative that is a maytansinoids selected from among ansamitocin or mertansine (DM1) or is an
auristatin or a functional peptide analog or derivative thereof that is monomethyl auristatin E
(MMAE) or F (MMAF); or isis an antimetabolite selected from among methotrexate, 6
mercaptopurine, 6 thioguanine, cytarabine, fludarabin, 5 fluorouracil, decarbazine, hydroxyurea,
asparaginase, gemcitabine, and cladribine; or is

an alkylating agent selected from among mechlorethamine, thioepa, chlorambucil,
meiphalan, carmustine (BSNU), lomustine (CCNU), cyclophosphamide, busulfan, dibromomannitol,
streptozotocin, dacarbazine (DTIC), procarbazine and mitomyein C; or is a platinum derivative that
is cisplatin or carboplatin or is an antibiotic selected from among dactinomycin, bleomycin,
daunorubicin, doxorubicin, idarubicin, mithramycin, mitomycin, mitoxantrone, plicamycin and
anthramycin (AMCY); or is a toxin selected from among a diphtheria toxin and active fragments
thereof and hybrid molecules, a ricin toxin, cholera toxin, a Shiga-like toxin, LT toxin, C3 toxin,
Shiga toxin, pertussis toxin, tetanus toxin, soybean Bowman-Birk protease inhibitor, Pseudomonas
exotoxin, alorin, saporin, modeccin, gelanin, abrin A chain, modeccin A chain, alpha-sarcin,
Aleurites fordii proteins, dianthin proteins, Phytolacca americana proteins, momordica charantia
mhibitor, curcin, crotin, , gelonin, mitogellin, restrictocin, phenomycin, and enomycin toxins.

21. A nucleic acid molecule, comprising a sequence of nucleotides encoding the heavy
chain of any of the anti-EGFR antibody, or antigen-binding fragment thereof, of any of claims 1-15;
and/or

a nucleic acid molecule, comprising a sequence of nucleotides encoding the light chain of any
of the anti-EGFR antibody, or antigen-binding fragment thereof, of any of claims 1-15.

22, A vector, comprising the nucleic acid molecule(s) of claim 21,
23. A cell, comprising a vector or vectors of claim 22.

24, A method of making a modified anti-EGFR antibody, or antigen-binding fragment
thereof, comprising expressing the heavy chain or light chain encoded from a vector or vectors of
claim 22 encoding the heavy chain and the light chain in a suitable host cells and recovering the
antibody.

25. A pharmaceutical composition comprising:

a modified anti-EGFR antibody or antigen-binding fragment of any of claims 1-15 or a
conjugate of any of claims 16-20; and

a pharmaceutically acceptable carrier or excipient.

26.  The pharmaceutical composition claim 25 for treating a tumor, cancer or metastasis.
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27.  Useofa modified anti-EGFR antibody or antigen-binding fragment of any of claims
1-15 or a conjugate of any of claims 16-20 for preparation of a medicament for treating a tumor,
cancer or metastasis.



