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IGE ANTIBODIES TO CHIMERIC OR
HUMANIZED IGG THERAPEUTIC
MONOCLONAL ANTIBODIES AS A

SCREENING TEST FOR ANAPHYLAXIS

CROSS REFERENCE TO RELATED
APPLICATIONS

[0001] This application is entitled to priority pursuant to 35
U.S.C. §119(e) to U.S. provisional patent application Nos.
60/901,725, filed on Feb. 16, 2007 and 60/963,597, filed on
Aug. 6, 2007. The entire disclosures of the afore-mentioned
patent applications are incorporated herein by reference.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH OR DEVELOPMENT

[0002] This invention was supported in part from Grant No.
AI-20565 awarded by the National Institutes of Health. The
United States Government therefore has certain rights in the
invention.

FIELD OF THE INVENTION

[0003] The present invention relates generally to methods
for determining whether a subject treated with cetuximab will
have an adverse reaction to the treatment.

BACKGROUND

[0004] ERBITUX™ (Cetuximab) is a recombinant,
human/mouse chimeric monoclonal antibody manufactured
by ImClone Systems Incorporated and distributed and mar-
keted by Bristol-Myers Squibb Company. 3% of patients
receiving ERBITUX™ (Cetuximab) have an adverse reac-
tion to the drug. 90% of the severe reactions are associated
with initial drug infusion. Adverse reactions include rapid
onset of airway obstruction (including anaphylaxis.)

[0005] Recombinant monoclonal antibodies (mAb) are
playing an increasing role in the management of many dis-
eases including malignancies, inflammatory bowel disease,
rheumatoid arthritis, and asthma (1, 2, 3). While these agents
are generally well tolerated, hypersensitivity reactions (HSR)
occur and can be both rapid and severe (4, 5, 6, 7). Cetuximab,
a chimeric (mouse/human) IgG1 mAb against the epidermal
growth factor receptor (EGFR) is approved for use in patients
with metastatic colorectal cancer (CRC) and head and neck
squamous cell carcinoma (HNSCC) (2,6,8,9,10). According
to the Drug Product Label, severe HSR to cetuximab occur in
3% of cases. However, higher rates and clusters of cases have
been reported from North Carolina, Arkansas, Missouri, Vir-
ginia and Tennessee (6,9,11). A recent publication reported
that 22% of patients treated with cetuximab in Tennessee and
North Carolina had severe HSR (11). By contrast, rates of
HSR arelower (<1%) in most centers in the northeast. Review
of the case reports on HSR to cetuximab revealed that many
occurred within minutes of first exposure to the drug and were
compatible with IgE mediated anaphylaxis (12,13).

[0006] There is a long felt need in the art for methods
helpful in predicting whether a subject will react adversely to
treatment with a protein such as cetuximab. The present
invention satisfies this need.

BRIEF SUMMARY OF THE INVENTION

[0007] The present invention encompasses compositions
and methods useful for determining if a subject has a predis-
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position to an adverse reaction to cetuximab. The present
invention discloses that subjects susceptible to an adverse
reaction to cetuximab have pre-existing IgE antibodies that
cross-react with cetuximab (CR-IgE), while subjects who do
not have adverse reactions to cetuximab do not have such
levels of pre-existing IgE antibodies that cross-react with
cetuximab. The presence of these antibodies can therefore
serve as a biomarker, the presence of which suggests that the
subject has a predisposition or susceptibility to an adverse
reaction to cetuximab, particularly the more rapid onset reac-
tions. The present invention further discloses that the subjects
are sensitive to the oligosaccharide moiety galactose-alpha-
1,3-galactose (alphaGal) on cetuximab. Adverse reactions to
cetuximab include, but are not limited to, allergic reactions,
difficulty breathing, rapid onset of airway obstruction, rash,
itching, low blood pressure, loss of consciousness, HSR,
anaphylaxis, and heart attack.

[0008] Disclosed herein is the successful development of
an assay to measure CR-IgE. This assay utilizes a modifica-
tion of the ImmunoCAP assay where the solid phase is a
streptavidin-activated polymer sponge, which allows high
quantities of biotinylated antigens to be bound (14).

[0009] Data disclosed herein provide strong evidence that
the pre-existing antibodies directed against cetuximab are a
cause of the adverse reactions, particularly severe HSR,
which has been described in a low percentage of patients
receiving cetuximab treatment. The present application fur-
ther discloses that the CR-IgE that binds to cetuximab spe-
cifically bind to an oligosaccharide, galactose-alpha-1,3-ga-
lactose (alphaGal), which is present on the Fab portion of the
cetuximab heavy chain. They also cross-react with specificity
to arange of mammalian proteins, suggesting that the binding
is to an epitope such as the galactose-alpha-1,3-galactose
moiety. Finally, it is demonstrated herein that there is a high
prevalence of CR-IgE in areas of this country where anaphy-
lactic reactions to cetuximab occur.

[0010] Quantitative measurements of IgE antibodies to
therapeutic monoclonal antibodies using International Units
have not been previously described until the present inven-
tion. Previous systems, i.e., ELISAs, have very low solid
phase binding and are generally considered unreliable for
measuring IgH antibodies. The present invention discloses,
inter alia, a fast and sensitive method for measuring IgE
antibodies, comprising use of an ImmunoCAP assay or a
modified ImmunoCAP assay. In one aspect, the IgE antibod-
ies are directed against cetuximab. In one aspect, the greater
the level of IgE antibodies cross-reactive with cetuximab
detected in a test subject, the greater the predisposition to an
adverse reaction to cetuximab. One of ordinary skill in the art
will appreciate that any assay which can measure IgE directed
against a compound of interest of the invention can be used.
[0011] In one embodiment, the present invention provides
compositions and methods useful for screening subjects to
assess the risks of adverse reactions to cetuximab, particu-
larly the risks of HSR and of anaphylaxis, before treatment
with cetuximab. In one aspect, the method provides a test that
is highly predictive of HSR. In one aspect, the HSR is severe
HSR.

[0012] Although cetuximab can be used in the screening
assay, other compounds which bind similarly to the same
cross-reactive IgE antibodies can be used in the assay instead
of cetuximab. For example, as demonstrated herein, the
F(ab"), fragment of cetuximab can be used as well as other
compounds comprising a galactose-alpha-1,3-galactose moi-
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ety. It is understood that if such a compound is used to detect
IgE antibodies that standardization assays can be performed
first to normalize the result relative to the use of cetuximab, or
to determine cross-reactive IgE antibody levels which are safe
before administering a therapeutic molecule comprising the
moiety.

[0013] Because of the sensitivity and quantitative nature of
the assay for measuring cross-reactive IgE antibodies
described herein, namely the ImmunoCAP and modified
ImmunoCAP assays, the invention encompasses the use of
the assays to measure cross-reactive IgE against other com-
pounds known to elicit adverse reactions that might be medi-
ated by IgE, and not just IgE that cross-react with cetuximab.
[0014] In one embodiment, the invention provides a
method which detects and measures IgE antibodies in a sub-
ject that are cross-reactive with cetuximab. In one aspect, the
antibodies are present before treatment with cetuximab. In
one aspect, the method detects and measures binding to a
target compound, such as cetuximab, where the IgE binds a
sugar moiety on the compound. In one aspect, the compound
is therapeutic antibody. In one aspect, the therapeutic anti-
body is cetuximab. In one aspect, the sugar moiety is galac-
tose-alpha-1,3-galactose.

[0015] In one embodiment, the present invention provides
compositions and methods useful for detecting and measur-
ing the amount of cross-reactive IgE antibody to cetuximab
thatis present in a subject before cetuximab treatment. One of
ordinary skill in the art will realize that various techniques can
be used to screen serum for cross-reactivity to IgE antibodies
directed against cetuximab or sugar moieties attached to
cetuximab.

[0016] In one aspect, when the levels of cross-reactive IgE
antibodies against cetuximab are higher in a test subject rela-
tive to the average levels in the general population or to
someone not predisposed to an adverse reaction to cetuximab
is an indication that the test subject will be hypersensitive to
treatment with cetuximab and is susceptible or predisposed to
reacting adversely to treatment with cetuximab. One of ordi-
nary skill in the art will appreciate that various means are
available to either determine what is an average level of
cross-reactive IgE antibodies against cetuximab and will
appreciate that controls and standards can be established or
utilized to assess whether the subject has levels of cross-
reactive IgE antibodies against cetuximab which are higher
than normal and can be used to predict whether the subject
will be hypersensitive to treatment with cetuximab. In one
aspect, the assay can target the oligosaccharide moiety galac-
tose-alpha-1,3-galactose, which is an oligosaccharide moiety
on cetuximab, as well as on other proteins.

[0017] In one aspect, the level of IgE antibody a sample
from a test subject which cross-reacts with cetuximab is
selected from the group consisting of at least about 0.1 TU/ml,
at least about 0.35 IU/ml, at least about 1.0 IU/ml, at least
about 5.0 IU/ml, at least about 10.0 IU/ml, at least about 20.0
1U/ml, at least about 50.0 IU/ml, at least about 100.0 IU/ml,
and at least about 150.0 IU/ml. These levels can be correlated
with the potential for an adverse reaction. One of ordinary
skill in the art will use the identified levels as part of an
assessment of the potential of an adverse reaction to cetux-
imab and whether or not to use cetuximab to treat a subject,
such as a subject with colorectal cancer or head and neck
squamous cell carcinoma. Other considerations include such
things as the age, sex, health, and weight of the subject. The
level of cross-reactive IgE in the test subject may be used as
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part of the analysis when considering alternative or combina-
tion treatments, dosages of the therapeutic compound to be
administered, the route of administration, etc.

[0018] When it is determined that a subject is at risk for an
adverse reaction if treated with cetuximab, additional options
for consideration include, the subject could be treated with
cetuximab which had been prepared without the sugar moiety
or with cetuximab from which galactose-alpha-1,3-galactose
had been removed, or steps can be taken to avoid the adverse
reaction by use of different therapies or means to diminish the
adverse reaction.

[0019] In one embodiment, the subject is a human.

[0020] One of ordinary skill in the art will appreciate that
any sample obtained from a subject which contains IgE anti-
bodies can be used. In one aspect, the sample is selected from
the group consisting of blood, serum, and plasma.

[0021] Inoneembodiment, an IgE antibody that binds with
cetuximab binds with the F(ab'")2 fragment of cetuximab. In
one aspect, it binds with the moiety galactose-alpha-1,3-ga-
lactose on the F(ab")2 fragment of cetuximab.

[0022] Assays which are useful for measuring CR-IgE are
encompassed by the invention. Useful ligands for binding to
and measuring CR-IgE include cetuximab, as well as frag-
ments, homologs, derivatives, and modifications thereof
which still bind to the CR-IgE, as well as other molecules
comprising the sugar moiety described herein. In one aspect,
a fragment of cetuximab useful for the practice of the inven-
tion is one which comprises the sugar moiety galactose-al-
pha-1,3-galactose. Other useful compounds to which the CR-
IgE could bind in the assay include other proteins, including
allergens, antibodies, monoclonal antibodies, therapeutic
antibodies, humanized antibodies, and chimeric antibodies.
In one aspect, the CR-IgE binds to a galactose-alpha-1,3-
galactose moiety on the other compounds. The assay is there-
fore useful for identifying compounds comprising a galac-
tose-alpha-1,3-galactose moiety as well as determining if a
subject 1s predisposed to an adverse reaction to a molecule
comprising a galactose-alpha-1,3-galactose moiety. One of
ordinary skill in the art will appreciate that the assay is useful
for other sugar moieties as well.

[0023] The present invention further encompasses measur-
ing in a subject the level of IgE antibody against a test com-
pound to determine if the subject has a predisposition to an
adverse reaction to that molecule if that compound were
administered to that subject or if the subject were to be
exposed to that compound other than by direct administra-
tion. Such test compounds include, but are not limited to
proteins, allergens, antibodies, monoclonal antibodies, thera-
peutic antibodies, humanized antibodies, and chimeric anti-
bodies (see Table 3 and descriptions of examples such as dog,
cat, beef and pork). In one aspect, the compounds are mam-
malian.

[0024] The present invention provides compositions and
methods useful for monitoring cross-reactive IgE antibody
levels during treatment of a subject with a compound which
may cause an adverse reaction. In on embodiment, the com-
pound is cetuximab. Other compounds described herein or
which may elicit adverse reactions via an IgE mediated
response are also encompassed by this method.

[0025] The present invention further provides a kit to per-
form the assays of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0026] For the purpose of illustrating the invention, there
are depicted in the drawings certain embodiments of the
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invention. However, the invention is not limited to the precise
arrangements and instrumentalities of the embodiments
depicted in the drawings.

[0027] FIG. 1 graphically represents the results of experi-
ments demonstrating that IgE antibodies cross react with
cetuximab (CR-IgE) in sera from the four cohorts. Reactions
to cetuximab were classified by the treating physicians (HSR
to cetuximab @: No HSR @) sera from controls and patients
who had not received cetuximab: A. The dashed line (- - -)
indicates the limit of detection.

[0028] FIG. 2 is a schematic representation of the structure
of cetuximab. The amino acid sequence of cetuximab has
potential glycosylation sites at Asn43 of the light chain and
Asn88 and Asn299 of the heavy chain. The sugars on the Fab
portion include galactose-alpha-1,3-galactose (alphaGal) and
the sialic acid N-glyconeurominic acid (NGNA). By contrast,
glycosylation of the Fc portion of the heavy chain includes
only oligosaccharides that are commonly present on human
proteins.

DETAILED DESCRIPTION OF THE INVENTION

Abbreviations and Acronyms

[0029] alphaGal—galactose-alpha-1,3-galactose
EGF—epidermal growth factor

EGFR—epidermal growth factor receptor
CDC—<chinese hamster ovary

CRC—colorectal cancer

CR-IgE—IgFE antibody cross reacting with cetuximab
HNSCC—head and neck squamous cell carcinoma
HSR—hypersensitivity reaction
mAb—monoclonal antibody
NGNA—N-glyconeurominic acid
NMBA-—neuromuscular blocking agent
TNF—tumor necrosis factor
VH—immunoglobulin heavy chain variable region
VL—immunoglobulin light chain variable region

DEFINITIONS

[0030] Indescribing and claiming the invention, the follow-
ing terminology will be used in accordance with the defini-
tions set forth below. Unless defined otherwise, all technical
and scientific terms used herein have the same meaning as
commonly understood by one of ordinary skill in the art to
which this invention belongs. Although any methods and
materials similar or equivalent to those described herein can
be used in the practice or testing of the present invention, the
preferred methods and materials are described herein. As
used herein, each of the following terms has the meaning
associated with it in this section. Specific and preferred values
listed below for radicals, substituents, and ranges are for
illustration only; they do not exclude other defined values or
other values within defined ranges for the radicals and sub-
stituents.

[0031] As usedherein, the articles “a” and “an” refer to one
or to more than one, i.e., to at least one, of the grammatical
object of the article. By way of example, “an element” means
one element or more than one element.

[0032] The term “about,” as used herein, means approxi-
mately, in the region of, roughly, or around. When the term
“about” is used in conjunction with a numerical range, it
modifies that range by extending the boundaries above and
below the numerical values set forth. In general, the term
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“about”is used herein to modify a numerical value above and
below the stated value by a variance of 20%.

[0033] As used herein, the term “affected cell” refers to a
cell of a subject afflicted with a disease, injury, or disorder,
which affected cell has an altered phenotype relative to a
subject not afflicted with a disease or disorder.

[0034] Cells or tissue are “affected” by a disease, injury, or
disorder if the cells or tissue have an altered phenotype rela-
tive to the same cells or tissue in a subject not afflicted with a
disease or disorder.

[0035] A disease, condition, or disorder is “alleviated” if
the severity of a symptom of the disease or disorder, the
frequency with which such a symptom is experienced by a
patient, or both, are reduced.

[0036] As used herein, “amino acids” are represented by
the full name thereof, by the three letter code corresponding
thereto, or by the one-letter code corresponding thereto, as
indicated in the following table:

Three- One-Letter
Full Name Letter Code Code
Aspartic Acid Asp D
Glutamic Acid Glu E
Lysine Lys K
Arginine Arg R
Histidine His H
Tyrosine Tyr Y
Cysteine Cys C
Asparagine Asn N
Glutamine Gln Q
Serine Ser S
Threonine Thr T
Glycine Gly G
Alanine Ala A
Valine Val v
Leucine Leu L
Isoleucine Ile I
Methionine Met M
Proline Pro P
Phenylalanine Phe F
Tryptophan Trp w
[0037] The expression “amino acid” as used herein is

meant to include both natural and synthetic amino acids, and
both D and L amino acids. “Standard amino acid” means any
of the twenty standard L-amino acids commonly found in
naturally occurring peptides. “Nonstandard amino acid resi-
due” means any amino acid, other than the standard amino
acids, regardless of whether it is prepared synthetically or
derived from a natural source. As used herein, “synthetic
amino acid” also encompasses chemically modified amino
acids, including but not limited to salts, amino acid deriva-
tives (such as amides), and substitutions. Amino acids con-
tained within the peptides of the present invention, and par-
ticularly at the carboxy- or amino-terminus, can be modified
by methylation, amidation, acetylation or substitution with
other chemical groups which can change the peptide’s circu-
lating half-life without adversely affecting their activity.
Additionally, a disulfide linkage may be present or absent in
the peptides of the invention.

[0038] Theterm “amino acid” is used interchangeably with
“amino acid residue,” and may refer to a free amino acid and
to an amino acid residue of a peptide. It will be apparent from
the context in which the term is used whether it refers to a free
amino acid or a residue of a peptide.
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[0039] Amino acids have the following general structure:
|
R—(|3—COOH
NH,
[0040] Amino acids may be classified into seven groups on

the basis of the side chain R: (1) aliphatic side chains; (2) side
chains containing a hydroxylic (OH) group; (3) side chains
containing sulfur atoms; (4) side chains containing an acidic
or amide group; (5) side chains containing a basic group; (6)
side chains containing an aromatic ring; and (7) proline, an
imino acid in which the side chain is fused to the amino group.
[0041] As used herein, the term “conservative amino acid
substitution” is defined herein as exchanges within one of the
following five groups:
[0042] I. Small aliphatic, nonpolar or slightly polar resi-
dues:
[0043]
[0044]
amides:
[0045]
[0046]
[0047]
[0048]
[0049]
[0050]

Ala, Ser, Thr, Pro, Gly;
II. Polar, negatively charged residues and their

Asp, Asn, Glu, Gln;
1II. Polar, positively charged residues:

His, Arg, Lys;
1V. Large, aliphatic, nonpolar residues:

Met Leu, Ile, Val, Cys
V. Large. aromatic residues:

[0051] Phe, Tyr, Trp
[0052] Thenomenclature used to describe the peptide com-
pounds of the present invention follows the conventional
practice wherein the amino group is presented to the left and
the carboxy group to the right of each amino acid residue. In
the formulae representing selected specific embodiments of
the present invention, the amino- and carboxy-terminal
groups, although not specifically shown, will be understood
to be in the form they would assume at physiologic pH values,
unless otherwise specified.
[0053] The term “basic” or “positively charged” amino
acid, as used herein, refers to amino acids in which the R
groups have a net positive charge at pH 7.0, and include, but
are not limited to, the standard amino acids lysine, arginine,
and histidine.
[0054] As used herein, an “analog” of a compound is a
compound that, by way of example, resembles another in
structure but is not necessarily an isomer (e.g., 5-fluorouracil
is an analog of thymine).
[0055] The term “antibody,” as used herein, refers to an
immunoglobulin molecule which is able to specifically bind
to a specific epitope on an antigen. Antibodies can be intact
immunoglobulins derived from natural sources or from
recombinant sources and can be immunoreactive portions of
intact immunoglobulins. Antibodies are typically tetramers
of immunoglobulin molecules. The antibodies in the present
invention may exist in a variety of forms including, for
example, polyclonal antibodies, monoclonal antibodies, Fv,
Fab and F(ab),, as well as single chain antibodies and human-
ized antibodies (Harlow et al., 1999, Using Antibodies: A
Laboratory Manual, Cold Spring Harbor Laboratory Press,
NY; Harlow et al., 1989, Antibodies: A Laboratory Manual,
Cold Spring Harbor, N.Y.; Houston et al., 1988, Proc. Natl.
Acad. Sci. USA 85:5879-5883; Bird et al., 1988, Science
242:423-426).
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[0056] An “antibody heavy chain,” as used herein, refers to
the larger of the two types of polypeptide chains present in all
antibody molecules.

[0057] An “antibody light chain,” as used herein, refers to
the smaller of the two types of polypeptide chains present in
all antibody molecules.

[0058] By the term “synthetic antibody™ as used herein, is
meant an antibody which is generated using recombinant
DNA technology, such as, for example, an antibody
expressed by a bacteriophage as described herein. The term
should also be construed to mean an antibody which has been
generated by the synthesis of a DNA molecule encoding the
antibody and which DNA molecule expresses an antibody
protein, or an amino acid sequence specifying the antibody,
wherein the DNA or amino acid sequence has been obtained
using synthetic DNA or amino acid sequence technology
which is available and well known in the art.

[0059] The term “antigen” as used herein is defined as a
molecule that provokes an immune response. This immune
response may involve either antibody production, or the acti-
vation of specific immunologically-competent cells, or both.
An antigen can be derived from organisms, subunits of pro-
teins/antigens, killed or inactivated whole cells or lysates.
[0060] As used herein, the term “antisense oligonucle-
otide” means a nucleic acid polymer, at least a portion of
which is complementary to a nucleic acid which is present in
anormal cell or in an affected cell. The antisense oligonucle-
otides of the invention include, but are not limited to, phos-
phorothioate oligonucleotides and other modifications of oli-
gonucleotides. Methods for synthesizing oligonucleotides,
phosphorothioate oligonucleotides, and otherwise modified
oligonucleotides are well known in the art (U.S. Pat. No.
5,034,506; Nielsen et al., 1991, Science 254: 1497). “Anti-
sense” refers particularly to the nucleic acid sequence of the
non-coding strand of a double stranded DNA molecule
encoding a protein, or to a sequence which is substantially
homologous to the non-coding strand. As defined herein, an
antisense sequence is complementary to the sequence of a
double stranded DNA molecule encoding a protein. It is not
necessary that the antisense sequence be complementary
solely to the coding portion of the coding strand of the DNA
molecule. The antisense sequence may be complementary to
regulatory sequences specified on the coding strand of a DNA
molecule encoding a protein, which regulatory sequerces
control expression of the coding sequences. As used herein,
the term “biologically active fragments” or “bioactive frag-
ment” of the polypeptides encompasses natural or synthetic
portions of the full-length protein that are capable of specific
binding to their natural ligand or of performing the function of
the protein.

[0061] A “compound”, as used herein, refers to any type of
substance or agent that is commonly considered a chemical,
drug, or a candidate for use as a drug, as well as combinations
and mixtures of the above. The term also includes other types
of molecules, such as proteins, allergens, etc., as described
herein.

[0062] A “control” cellis a cell having the same cell type as
atest cell. The control cell may, for example, be examined at
precisely or nearly the same time the test cell is examined.
The control cell may also, for example, be examined at a time
distant from the time at which the test cell is examined, and
the results of the examination of the control cell may be
recorded so that the recorded results may be compared with
results obtained by examination of a test cell.
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[0063] A “test” cell is a cell being examined.

[0064] A “pathoindicative” cell is a cell which, when
presentin atissue, is an indication that the animal in which the
tissue is located (or from which the tissue was obtained) is
afflicted with a disease or disorder.

[0065] A “pathogenic” cell is a cell which, when present in
a tissue, causes or contributes to a disease or disorder in the
animal in which the tissue is located (or from which the tissue
was obtained).

[0066] A tissue “normally comprises” a cell if one or more
of the cell are present in the tissue in an animal not afflicted
with a disease or disorder.

[0067] Theterm “competitive sequence” refers to a peptide
or a modification, fragment, derivative, or homolog thereof
that competes with another peptide for its cognate binding
site.

[0068] “Complementary” refers to the broad concept of
sequence complementarity between regions of two nucleic
acid strands or between two regions of the same nucleic acid
strand. It is known that an adenine residue of a first nucleic
acid region is capable of forming specific hydrogen bonds
(“base pairing”) with a residue of a second nucleic acid region
which is antiparallel to the first region if the residue is thvm-
ine or uracil. As used herein, the terms “complementary” or
“complementarity” are used in reference to polynucleotides
(i.e., a sequence of nucleotides) related by the base-pairing
rules. For example, for the sequence “A-G-T,” is complemen-
tary to the sequence “T-C-A”

[0069] Similarly, itisknownthat acytosineresidue of a first
nucleic acid strand is capable of base pairing with a residue of
a second nucleic acid strand which is antiparallel to the first
strand if the residue is guanine. A first region of a nucleic acid
is complementary to a second region of the same or a different
nucleic acid if, when the two regions are arranged in an
antiparallel fashion, at least one nucleotide residue of the first
region is capable of base pairing with a residue of the second
region. Preferably, the first region comprises a first portion
and the second region comprises a second portion, whereby,
when the first and second portions are arranged in an antipar-
allel fashion, at least about 50%, and preferably at least about
75%, at least about 90%, or at least about 95% of the nucle-
otide residues of the first portion are capable of base pairing
with nucleotide residues in the second portion. More prefer-
ably, all nucleotide residues of the first portion are capable of
base pairing with nucleotide residues in the second portion.
[0070] The term “complex”, as used herein in reference to
proteins, refers to binding or interaction of two or more pro-
teins. Complex formation or interaction can include such
things as binding, changes in tertiary structure, and modifi-
cation of one protein by another, such as phosphorylation.
[0071] A “compound,” as used herein, refers to any type of
substance or agent that is commonly considered a drug, or a
candidate for use as a drug, a polypeptide, an isolated nucleic
acid, an antibody, or other agent used in the method of the
invention, as well as any combination thereof.

[0072] The terms “cross-react” and specifically binds” are
used interchangeably herein.

[0073] The use of the word “detect” and its grammatical
variants is meant to refer to measurement of the species
without quantification, whereas use of the word “determine”
or “measure” with their grammatical variants are meant to
refer to measurement of the species with quantification. The
terms “detect” and “identify” are used interchangeably
herein.
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[0074] As used herein, a “detectable marker” or a “reporter
molecule” is an atom or a molecule that permits the specific
detection of a compound comprising the marker in the pres-
ence of similar compounds without a marker. Detectable
markers or reporter molecules include, e.g., radioactive iso-
topes, antigenic determinants, enzymes, nucleic acids avail-
able for hybridization, chromophores, fluorophores, chemi-
luminescent molecules, electrochemically — detectable
molecules, and molecules that provide for altered fluores-
cence-polarization or altered light-scattering.

[0075] A “disease” is a state of health of an animal wherein
the animal cannot maintain homeostasis, and wherein if the
disease is not ameliorated then the animal’s health continues
to deteriorate.

[0076] In contrast, a “disorder” in an animal is a state of
health in which the animal is able to maintain homeostasis,
but in which the animal’s state of health is less favorable than
it would be in the absence of the disorder. Left untreated, a
disorder does not necessarily cause a further decrease in the
animal’s state of health.

[0077] “Encoding” refers to the inherent property of spe-
cific sequences of nucleotides in a polynucleotide, such as a
gene, a cDNA, or an mRNA, to serve as templates for syn-
thesis of other polymers and macromolecules in biological
processes having either a defined sequence of nucleotides
(i.e., IRNA, t(RNA and mRNA) or a defined sequence of
amino acids and the biological properties resulting therefrom.
Thus, a gene encodes a protein if transcription and translation
of mRNA corresponding to that gene produces the protein in
a cell or other biological system. Both the coding strand, the
nucleotide sequence of which is identical to the mRNA
sequence and is usually provided in sequence listings, and the
non-coding strand, used as the template for transcription of a
gene or cDNA, can be referred to as encoding the protein or
other product of that gene or cDNA.

[0078] Unless otherwise specified, a “nucleotide sequence
encoding an amino acid sequence” includes all nucleotide
sequences that are degenerate versions of each other and that
encode the same amino acid sequence. Nucleotide sequences
that encode proteins and RNA may include introns.

[0079] An “enhancer”is a DNA regulatory element that can
increase the efficiency of transcription, regardless of the dis-
tance or orientation of the enhancer relative to the start site of
transcription.

[0080] The term “epitope” as used herein is defined as
small chemical groups on the antigen molecule that can elicit
and react with an antibody. An antigen can have one or more
epitopes. Most antigens have many epitopes; i.e., they are
multivalent. In general, an epitope is roughly 5 amino acids or
sugars in size. One skilled in the art understands that gener-
ally the overall three-dimensional structure, rather than the
specific linear sequence of the molecule, is the main criterion
of antigenic specificity.

[0081] As used herein, an “essentially pure” preparation of
aparticular protein or peptide is a preparation wherein at least
about 95%, and preferably at least about 99%, by weight, of
the protein or peptide in the preparation is the particular
protein or peptide.

[0082] A “fragment” or “segment” is a portion of an amino
acid sequence, comprising at least one amino acid, or a por-
tion of a nucleic acid sequence comprising at least one nucle-
otide. The terms “fragment” and “segment” are used inter-
changeably herein.
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[0083] As used herein, a “functional” biological molecule
is a biological molecule in a form in which it exhibits a
property or activity by which it is characterized. A functional
enzyme, for example, is one which exhibits the characteristic
catalytic activity by which the enzyme is characterized.

[0084] “Homologous” as used herein, refers to the subunit
sequence similarity between two polymeric molecules, e.g.,
between two nucleic acid molecules, e.g., two DNA mol-
ecules or two RNA molecules, or between two polypeptide
molecules. When a subunit position in both of the two mol-
ecules is occupied by the same monomeric subunit, e.g., if a
position in each of two DNA molecules is occupied by
adenine, then they are homologous at that position. The
homology between two sequences is a direct function of the
number of matching or homologous positions, e.g., if half
(e.g., five positions in a polymer ten subunits in length) of the
positions in two compound sequences are homologous then
the two sequences are 50% homologous, if 90% of the posi-
tions, e.g., 9 of 10, are matched or homologous, the two
sequences share 90% homology. By way of example, the
DNA sequences 3'ATTGCCS’ and 3'TATGGC share 50%
homology.

[0085] As used herein, “homology” is used synonymously
with “identity.”
[0086] The determination of percent identity between two

nucleotide or amino acid sequences can be accomplished
using a mathematical algorithm. For example, a mathemati-
cal algorithm useful for comparing two sequences is the algo-
rithm of Karlin and Altschul (1990, Proc. Natl. Acad. Sci.
USA 87:2264-2268), modified as in Karlin and Altschul
(1993, Proc. Natl. Acad. Sci. USA 90:5873-5877). This algo-
rithm is incorporated into the NBLAST and XBLAST pro-
grams of Altschul, et al. (1990, J. Mol. Biol. 215:403-410),
and can be accessed, for example at the National Center for
Biotechnology Information (NCBI) world wide web site.
BLAST nucleotide searches can be performed with the
NBLAST program (designated “blastn” at the NCBI web
site), using the following parameters: gap penalty=5; gap
extension penalty=2; mismatch penalty=3; match reward=1;
expectation value 10.0; and word size=11 to obtain nucle-
otide sequences homologous to a nucleic acid described
herein. BLAST protein searches can be performed with the
XBLAST program (designated “blastn” at the NCBI web
site) or the NCBI “blastp” program, using the following
parameters: expectation value 10.0, BLOSUM62 scoring
matrix to obtain amino acid sequences homologous to a pro-
tein molecule described herein. To obtain gapped alignments
for comparison purposes, Gapped BLAST can be utilized as
described in Altschul et al. (1997, Nucleic Acids Res.
25:3389-3402). Alternatively, PSI-Blast or PHI-Blast can be
used to perform an iterated search which detects distant rela-
tionships between molecules (Id.) and relationships between
molecules which share a common pattern. When utilizing
BLAST, Gapped BLAST, PSI-Blast, and PHI-Blast pro-
grams, the default parameters of the respective programs
(e.g., XBLAST and NBLAST) can be used.

[0087] The percent identity between two sequences can be
determined using techniques similar to those described
above, with or without allowing gaps. In calculating percent
identity, typically exact matches are counted.

[0088] The term “inhibit,” as used herein, refers to the
ability of a compound or any agent to reduce or impede a
described function. Preferably, inhibition is by at least 10%,
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more preferably by at least 25%, even more preferably by at
least 50%, and most preferably, the function is inhibited by at
least 75%.

[0089] The term “inhibit a complex”, as used herein, refers
to inhibiting the formation of a complex or interaction of two
or more proteins, as well as inhibiting the function or activity
of the complex. The term also encompasses disrupting a
formed complex. However, the term does not imply that each
and every one of these functions must be inhibited at the same
time.

[0090] Theterm “inhibit a protein”, as used herein, refers to
any method or technique which inhibits protein synthesis,
levels, activity, or function, as well as methods of inhibiting
the induction or stimulation of synthesis, levels, activity, or
function of the protein of interest. The term also refers to any
metabolic or regulatory pathway which can regulate the syn-
thesis, levels, activity, or function of the protein of interest.
The term includes binding with other molecules and complex
formation. Therefore, the term “protein inhibitor” refers to
any agent or compound, the application of which results in the
inhibition of protein function or protein pathway function.
However, the term does not imply that each and every one of
these functions must be inhibited at the same time.

[0091] “Isolated” means altered or removed from the natu-
ral state through the actions of a human being. For example,
anucleic acid or a peptide naturally present in a living animal
is not “isolated,” but the same nucleic acid or peptide partially
or completely separated from the coexisting materials of its
natural state is “isolated.”

[0092] An isolated nucleic acid or protein can exist in sub-
stantially purified form, or can exist in a non-native environ-
ment such as, for example, a host cell.

[0093] An “isolated nucleic acid” refers to a nucleic acid
segment or fragment which has been separated from
sequences which flank it in a naturally occurring state, e.g., a
DNA fragment which has been removed from the sequences
which are normally adjacent to the fragment, e.g., the
sequences adjacent to the fragment in a genome in which it
naturally occurs. The term also applies to nucleic acids which
have been substantially purified from other components
which naturally accompany the nucleic acid, e.g., RNA or
DNA or proteins, which naturally accompany it in the cell.
The term therefore includes, for example, a recombinant
DNA which is incorporated into a vector, into an autono-
mously replicating plasmid or virus, or into the genomic
DNA of a prokaryote or eukaryote, or which exists as a
separate molecule (e.g., as a cDNA or a genomic or cDNA
fragment produced by PCR or restriction enzyme digestion)
independent of other sequences. It also includes a recombi-
nant DNA which is part of a hybrid gene encoding additional
polypeptide sequence.

[0094] Unless otherwise specified, a “nucleotide sequence
encoding an amino acid sequence” includes all nucleotide
sequences that are degenerate versions of each other and that
encode the same amino acid sequence. Nucleotide sequences
that encode proteins and RNA may include introns.

[0095] As used herein, an “instructional material” includes
apublication, a recording, a diagram, or any other medium of
expression which can be used to communicate the usefulness
of a compound of the invention in the kit for effecting alle-
viation of the various diseases or disorders recited herein.
Optionally, or alternately, the instructional material may
describe one or more methods of alleviating the diseases or
disorders in a cell or a tissue of a mammal. The instructional
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material of the kit of the invention may, for example, be
affixed to a container which contains the identified compound
invention or be shipped together with a container which con-
tains the identified compound. Alternatively, the instructional
material may be shipped separately from the container with
the intention that the instructional material and the compound
be used cooperatively by the recipient.

[0096] As used herein, a “ligand” is a compound that spe-
cifically binds to a target compound or molecule. A ligand
“specifically binds to” or “is specifically reactive with” a
compound when the ligand functions in a binding reaction
which is determinative of the presence of the compound in a
sample of heterogeneous compounds. Thus, under designated
assay (e g . immunoassay) conditions, the ligand or receptor
binds preferentially to a particular compound and does not
bind in asignificant amount to other compounds present in the
sample. For example, a polynucleotide specifically binds
under hybridization conditions to a compound polynucle-
otide comprising a complementary sequence; an antibody
specifically binds under immunoassay conditions to an anti-
gen bearing an epitope against which the antibody was raised.
A variety of immunoassay formats may be used to select
antibodies specifically immunoreactive with a particular pro-
tein. For example, solid-phase ELISA immunoassays are rou-
tinely used to select monoclonal antibodies specifically
immunoreactive with a protein. See Harlow and Lane (1988,
Antibodies, A Laboratory Manual, Cold Spring Harbor Pub-
lications, New York) for a description of immunoassay for-
mats and conditions that can be used to determine specific
immunoreactivity or cross-reactivity.

[0097] As used herein, the term “linkage” refers to a con-
nection between two groups. The connection can be either
covalent or non-covalent, including but not limited to ionic
bonds, hydrogen bonding, and hydrophobic/hydrophilic
interactions.

[0098] As used herein, the term “linker” refers to a mol-
ecule that joins two other molecules either covalently or non-
covalently, e.g., through ionic or hydrogen bonds or van der
Waals interactions.

[0099] As used herein, the term “nucleic acid” encom-
passes RNA as well as single and double-stranded DNA and
c¢DNA. Furthermore, the terms, “nucleic acid” “DNA,”
“RNA” and similar terms also include nucleic acid analogs,
1.e. analogs having other than a phosphodiester backbone. For
example, the so-called “peptide nucleic acids,” which are
known in the art and have peptide bonds instead of phos-
phodiester bonds in the backbone, are considered within the
scope of the present invention. By “nucleic acid” is meant any
nucleic acid, whether composed of deoxyribonucleosides or
ribonucleosides, and whether composed of phosphodiester,
linkages or modified linkages such as phosphotriester, phos-
phoramidate, siloxane, carbonate, carboxymethylester,
acetamidate, carbamate, thioether, bridged phosphoramidate,
bridged methylene phosphonate, bridged phosphoramidate,
bridged phosphoramidate, bridged methylene phosphonate,
phosphorothioate, methylphosphonate, phosphorodithioate,
bridged phosphorothioate or sulfone linkages, and combina-
tions of such linkages. The term in nucleic acid also specifi-
cally includes nucleic acids composed of bases other than the
five biologically occurring bases (adenine, guanine, thymine,
cytosine and uracil). Conventional notation is used herein to
describe polynucleotide sequences: the left-hand end of a
single-stranded polynucleotide sequence is the 5'-end; the
left-hand direction of a double-stranded polynucleotide
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sequence is referred to as the 5'-direction. The direction of 5'
to 3" addition of nucleotides to nascent RNA transcripts is
referred to as the transcription direction. The DNA strand
having the same sequence as an mRNA is referred to as the
“coding strand”; sequences on the DNA strand which are
located 5' to a reference point on the DNA are referred to as
“upstream sequences”’; sequences on the DNA strand which
are 3' to a reference point on the DNA are referred to as
“downstream sequences.”

[0100] The term “Oligonucleotide” typically refers to short
polynucleotides, generally no greater than about 50 nucle-
otides. It will be understood that when a nucleotide sequence
is represented by a DNA sequence (i.e., A, T, G, C), this also
includes an RNA sequence (i.e.. A, U, G, C) in which “U”
replaces “T.

[0101] “Operably linked” refers to a juxtaposition wherein
the components are configured so as to perform their usual
function. Thus, control sequences or promoters operably
linked to a coding sequence are capable of effecting the
expression of the coding sequence. By describing two poly-
nucleotides as “operably linked” is meant that a single-
stranded or double-stranded nucleic acid moiety comprises
the two polynucleotides arranged within the nucleic acid
moiety in such a manner that at least one of the two poly-
nucleotides is able to exert a physiological effect by which it
is characterized upon the other. By way of example, a pro-
moter operably linked to the coding region ofa gene is able to
promote transcription of the coding region.

[0102] The term “peptide” typically refers to short
polypeptides.
[0103] “Polypeptide” refers to a polymer composed of

amino acid residues, related naturally occurring structural
variants, and synthetic non-naturally occurring analogs
thereof linked via peptide bonds, related naturally occurring
structural variants, and synthetic non-naturally occurring
analogs thereof. Synthetic polypeptides can be synthesized,
for example, using an automated polypeptide synthesizer.

[0104] Theterm “protein”typically refers to large polypep-
tides.
[0105] A “recombinant polypeptide” is one which is pro-

duced upon expression of a recombinant polynucleotide.
[0106] A peptide encompasses a sequence of 2 or more
amino acids wherein the amino acids are naturally occurring
or synthetic (non-naturally occurring) amino acids. Peptide
mimetics include peptides having one or more of the follow-
ing modifications:

[0107] 1. peptides wherein one or more of the peptidyl
—C(O)NR— linkages (bonds) have been replaced by a non-
peptidyl linkage such as a —CH,-carbamate linkage
(—CH20C(O)NR—), a phosphonate linkage, a —CH2-sul-
fonamide (—CH2—S(0)2NR—) linkage, a urea (—NHC
(O)NH—) linkage, a —CH2-secondary amine linkage, or
with an alkylated peptidyl linkage (—C(O)NR—) wherein R
is C1-C4 alkyl;

[0108] 2. peptides wherein the N-terminus is derivatized to
a—NRR1 group, to a—NRC(O)R group, to a—NRC(O)OR
group, to a—NRS(0)2R group, to a —NHC(O)NHR group
where R and R1 are hydrogen or C1-C4 alkyl with the proviso
that R and R1 are not both hydrogen;

[0109] 3. peptides wherein the C terminus is derivatized to
—C(O)R2 where R2 is selected from the group consisting of
C1-C4 alkoxy, and —NR3R4 where R3 and R4 are indepen-
dently selected from the group consisting of hydrogen and
C,-C, alkyl.
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[0110] The term “permeability,” as used herein, refers to
transit of fluid, cell, or debris between or through cells and
tissues.

[0111]  As used herein, the term “pharmaceutically accept-
able carrier” includes any of the standard pharmaceutical
carriers, such as a phosphate buffered saline solution, water,
emulsions such as an oil/water or water/oil emulsion, and
various types of wetting agents. The term also encompasses
any of the agents approved by a regulatory agency of the US
Federal government or listed in the US Pharmacopeia for use
in animals, including humans.

[0112] A “preventive” or “prophylactic” treatment is a
treatment administered to a subject who does not exhibit
signs, or exhibits only early signs, of a disease or disorder. A
prophylactic or preventative treatment is administered for the
purpose of decreasing the risk of developing pathology asso-
ciated with developing the disease or disorder.

[0113] As used herein, “protecting group” with respect to a
terminal amino group refers to a terminal amino group of a
peptide, which terminal amino group is coupled with any of
various amino-terminal protecting groups traditionally
employed in peptide synthesis. Such protecting groups
include, for example, acyl protecting groups such as formyl,
acetyl, benzoyl, trifluoroacetyl, succinyl, and methoxysucci-
nyl; aromatic urethane protecting groups such as benzyloxy-
carbonyl; and aliphatic urethane protecting groups, for
example, tert-butoxycarbonyl or adamantyloxycarbonyl. See
Gross and Mienhofer, eds., The Peptides, vol. 3, pp. 3-88
(Academic Press, New York, 1981) for suitable protecting
groups.

[0114] As used herein, “protecting group” with respectto a
terminal carboxy group refers to a terminal carboxyl group of
a peptide, which terminal carboxyl group is coupled with any
of various carboxyl-terminal protecting groups. Such protect-
ing groups include, for example, tert-butyl, benzyl or other
acceptable groups linked to the terminal carboxyl group
through an ester or ether bond.

[0115] As used herein, the term “purified” and like terms
relate to an enrichment of a molecule or compound relative to
other components normally associated with the molecule or
compound in a native environment. The Willi “purified” does
not necessarily indicate that complete purity of the particular
molecule has been achieved during the process. A “highly
purified” compound as used herein refers to a compound that
is greater than 90% pure.

[0116] The term “protein regulatory pathway”, as used
herein, refers to both the upstream regulatory pathway which
regulates a protein, as well as the downstream events which
that protein regulates. Such regulation includes, but is not
limited to, transcription, translation, levels, activity, post-
translational modification, and function of the protein of
interest, as well as the downstream events which the protein
regulates.

[0117] The terms “protein pathway” and “protein regula-
tory pathway” are used interchangeably herein.

[0118] The term “regulate” refers to either stimulating or
inhibiting a function or activity of interest.

[0119] A “sample,” as used herein, refers preferably to a
biological sample from a subject, including, but not limited
to, normal tissue samples, diseased tissue samples, biopsies,
blood, saliva, feces, semen, tears, and urine. A sample can
also be any other source of material obtained from a subject
which contains cells, tissues, or fluid of interest. A sample can
also be obtained from cell or tissue culture.
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[0120] By the term “specifically binds,” as used herein, is
meant a compound which recognizes and binds a specific
protein or molecule, but does not substantially recognize or
bind other molecules in a sample, or it means binding
between two or more proteins as i part of a cellular regula-
tory process, where said proteins do not substantially recog-
nize or bind other proteins in a sample.

[0121] The term “standard,” as used herein, refers to some-
thing used for comparison. For example, a standard can be a
known standard agent or compound which is administered or
added to a control sample and used for comparing results
when measuring said compound in a test sample. Standard
can also refer to an “internal standard,” such as an agent or
compound which is added at known amounts to a sample and
is useful in determining such things as purification or recov-
ery rates when a sample is processed or subjected to purifi-
cation or extraction procedures before a marker of interest is
measured. A “standard sample” is, for example, one with
known amounts ofa compound of interest. When it is said that
a test sample has a higher level of a compound than that in a
standard sample it is meant that it is higher based on normal-
izing the data such that the level in the test sample is deter-
mined to be higher than that found in a sample from a normal
subject, etc.

[0122] By the term “susceptible to an adverse reaction to
cetuximab,” as used herein, is meant a subject who has pre-
existing IgE antibodies capable of cross-reacting or binding
with cetuximab, which in turn may result in an adverse reac-
tion if cetuximab is administered to the subject. The presence
of the cross-reactive antibodies to cetuximab in a subject
would be an indication that the subject would have an adverse
reaction if treated with cetuximab. Therefore, the term “is
susceptible” also includes those subjects who may be suscep-
tible to an adverse reaction to cetuximab because of increased
levels of the IgE antibody relative to levels in subjects who
have not, or who are not, susceptible to an adverse reaction to
cetuximab, particularly a severe adverse reaction.

[0123] The tem “susceptible to an adverse reaction to
cetuximab” is used interchangeably with the term “a predis-
position to an adverse reaction to cetuximab.”

[0124] A “subject” of diagnosis or treatment is a mammal,
including a human.

[0125] A “test” subject is a subject being treated or tested.
[0126] A “therapeutic antibody,” as used herein, refers to
antibodies, including monoclonal antibodies or fragments or
homologs of antibodies, which are administered to a subject
to treat or prevent a disease or disorder in the subject.
[0127] Asused herein, the term “treating” includes prophy-
laxis of the specific disease, disorder, or condition, or allevia-
tion of the symptoms associated with a specific disease, dis-
order or condition and/or preventing or eliminating said
symptoms. A “prophylactic” treatment is a treatment admin-
istered to a subject who does not exhibit signs of a disease or
exhibits only early signs of the disease for the purpose of
decreasing the risk of developing pathology associated with
the disease.

[0128] A “therapeutic” treatment is a treatment adminis-
tered to a subject who exhibits signs of pathology for the
purpose of diminishing or eliminating those signs.

[0129] A “therapeutically effective amount” of a com-
pound is that amount of compound which is sufficient to
provide a beneficial effect to the subject to which the com-
pound is administered.

Embodiments

[0130] Although the present invention is useful for deter-
mining whether a subject is susceptible to a quick adverse
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reaction to cetuximab, the present invention may also be
useful for determining if the subject is susceptible to some of
the other described side effects of cetuximab treatment. These
include those side effects listed below.

[0131] Severe allergic reactions, with symptoms including
difficulty breathing, rash, itching, low blood pressure, loss of
consciousness, and heart attack have occurred in 46 of 1485
patients (3%) receiving cetuximab during clinical studies.
These reactions are attributable to cetuximab infusions.
Severe cases of lung disease happened in 3 of 774 patients
with metastatic colorectal cancer who were given cetuximab
in clinical studies. In clinical studies with cetuximab, skin
problems including an acne-like rash, skin drying, cracking,
redness, swelling, and abnormal hair growth were seen. The
most serious side effects reported by 774 metastatic colorec-
tal cancer patients receiving cetuximab in clinical trials were
allergic reactions (3%), skin reactions (1%), serious lung
disease (0.4%), fever (5%), infection (3%). kidney failure
(2%), blood clots in the lung (1%), dehydration and diarrhea.
[0132] The most common side effects reported by 774
metastatic colorectal cancer patients receiving cetuximab
plus Camptosar or cetuximab alone were acne-like rash
(88%/90%), feeling very tired or weak (73%/48%), diarrhea
(72%/25%), nausea (55%/29%). stomach pain (45%/26%),
vomiting (41%/25%), fever (34%/27%), constipation (30%/
26%), and headache (14%/26%).

[0133] The generation of polyclonal antibodies is accom-
plished by inoculating the desired animal with the antigen and
isolating antibodies which specifically bind the antigen there-
from.

[0134] Monoclonal antibodies directed against full length
or peptide fragments of a protein or peptide may be prepared
using any well known monoclonal antibody preparation pro-
cedures, suchas those described, for example, in Harlow et al.
(1988, In: Antibodies, A Laboratory Manual, Cold Spring
Harbor, N.Y.) and in Tuszynski et al. (1988, Blood, 72:109-
115). Quantities of the desired peptide may also be synthe-
sized using chemical synthesis technology. Alternatively,
DNA encoding the desired peptide may be cloned and
expressed from an appropriate promoter sequence in cells
suitable for the generation of large quantities of peptide.
Monoclonal antibodies directed against the peptide are gen-
erated from mice immunized with the peptide using standard
procedures as referenced herein.

[0135] Nucleic acid encoding the monoclonal antibody
obtained using the procedures described herein may be
cloned and sequenced using technology which is available in
the art, and is described, for example, in Wright et al. (1992,
Critical Rev. in Immunol. 12(3,4):125-168) and the refer-
ences cited therein. Further, the antibody of the invention may
be “humanized” using the technology described in Wright et
al., (supra) and in the references cited therein, and in Gu et al.
(1997, Thrombosis and Hematocyst 77(4):755-759).

[0136] To generate a phage antibody library, a ¢cDNA
library is first obtained from mRNA which is isolated from
cells, e.g., the hybridoma, which express the desired protein
to be expressed on the phage surface, e.g., the desired anti-
body. cDNA copies of the mRNA are produced using reverse
transcriptase. cDNA which specifies immunoglobulin frag-
ments are obtained by PCR and the resulting DNA is cloned
into a suitable bacteriophage vector to generate a bacterioph-
age DNA library comprising DNA specifying immunoglobu-
lin genes. The procedures for making a bacteriophage library
comprising heterologous DNA are well known in the art and
are described, for example, in Sambrook et al. (1989, Molecu-
lar Cloning: A Laboratory Manual, Cold Spring Harbor,
N.Y).
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[0137] Bacteriophage which encode the desired antibody,
may be engineered such that the protein is displayed on the
surface thereofin such a manner that itis available for binding
to its corresponding binding protein, e.g., the antigen against
which the antibody is directed. Thus, when bacteriophage
which express a specific antibody are incubated in the pres-
ence of a cell which expresses the corresponding antigen, the
bacteriophage will bind to the cell. Bacteriophage which do
not express the antibody will not bind to the cell. Such pan-
ning techniques are well known in the art and are described
for example, in Wright et al., (supra).

[0138] Processes such as those described above, have been
developed for the production of human antibodies using M13
bacteriophage display (Burton et al., 1994, Adv. Immunol.
57:191-280). Essentially, a cDNA library is generated from
mRNA obtained from a population of antibody-producing
cells. The mRNA encodes rearranged immunoglobulin genes
and thus, the cDNA encodes the same. Amplified ¢cDNA is
cloned into M13 expression vectors creating a library of
phage which express human Fab fragments on their surface.
Phage which display the antibody of interest are selected by
antigen binding and are propagated in bacteria to produce
soluble human Fab immunoglobulin. Thus, in contrast to
conventional monoclonal antibody synthesis, this procedure
immortalizes DNA encoding human immunoglobulin rather
than cells which express human immunoglobulin.

[0139] The procedures just presented describe the genera-
tion of phage which encode the Fab portion of an antibody
molecule. However, the invention should not be construed to
be limited solely to the generation of phage encoding Fab
antibodies. Rather, phage which encode single chain antibod-
ies (scFv/phage antibody libraries) are also included in the
invention. Fab molecules comprise the entire Ig light chain,
that is, they comprise both the variable and constant region of
the light chain, but include only the variable region and first
constant region domain (CHI1) of the heavy chain. Single
chain antibody molecules comprise a single chain of protein
comprising the Ig Fv fragment. An Ig Fv fragment includes
only the variable regions of the heavy and light chains of the
antibody, having no constant region contained therein. Phage
libraries comprising scFv DNA may be generated following
the procedures described in Marks et al., 1991, J. Mol. Biol.
222:581-597. Panning of phage so generated for the isolation
of a desired antibody is conducted in a manner similar to that
described for phage libraries comprising Fab DNA.

[0140] The invention should also be construed to include
synthetic phage display libraries in which the heavy and light
chain variable regions may be synthesized such that they
include nearly all possible specificities (Barbas, 1995, Nature
Medicine 1:837-839; de Kruif et al. 1995, J. Mol. Biol. 248:
97-105).

[0141] A recombinant expression vector system encoding
an antibody light chain, an antibody heavy chain, or both, can
perform two functions in collaboration with compatible host
cells. One function is to facilitate the cloning of a nucleic acid
that encodes the antibody chain or chains, i e to produce
usable quantities of nucleic acid (cloning vectors). The other
function is to provide for replication and expression of the
recombinant gene constructs in a suitable host, either by
maintenance as an extrachromosomal element or by integra-
tion into the host chromosome (expression vectors). A clon-
ing vector comprises the recombinant nucleic acid constructs
as described above, an origin of replication or an autono-
mously replicating sequence, dominant marker sequences
and, optionally, signal sequences and additional restriction
sites. An expression vector additionally comprises expression
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control sequences essential for the transcription and transla-
tion of the recombinant nucleic acids.

[0142] In some embodiments, secretion of recombinant
antibodies is directed. Signal sequences may be, for example,
presequences or secretory leaders directing the secretion of
the recombinant antibody, splice signals, or the like.
Examples for signal sequences directing the secretion of the
recombinant antibody are sequences derived from the ompA
gene, the pelB (pectate lyase) gene, or the phoA gene.

[0143] Transcription of antibody sequences can be regu-
lated by a promoter and by sequences necessary for the ini-
tiation and termination of transcription and for stabilizing the
mRNA and, optionally, enhancers and further regulatory
sequences. A wide variety of promoter sequences may be
employed, depending on the nature ofthe host cell. Promoters
that are strong and at the same time well regulated are the
most useful. Sequences for the initiation of translation are for
example Shine-Dalgarno sequences. Sequences necessary
for the initiation and termination of transcription and for
stabilizing the mRNA are commonly available from the non-
coding 5'-regions and 3'-regions, respectively, of viral or
eukaryotic cDNAs, e.g. from the expression host. Enhancers
are transcription-stimulating DNA sequences of viral origin,
e.g. derived from Simian virus, polyoma virus, bovine papil-
loma virus or Moloney sarcoma virus, or of genomic, espe-
cially murine, origin. Other vectors are suitable for both
prokaryotic and eukaryotic hosts and are based on viral rep-
lication systems. Particularly preferred are vectors compris-
ing Simian virus promoters, e.g. pSVgpt or pSVneo, further
comprising an enhancer, e.g. an enhancer normally associ-
ated with the immunoglobulin gene sequences, in particular.
the mouse Ig H- or L-chain enhancer.

[0144] Different approaches can be followed to obtain
complete tetrameric light chain and heavy chain antibodies.
In one embodiment, antibody light chains and antibody heavy
chains are co-expressed in the same cells to achieve intracel-
lular association and linkage of antibody light chains with
antibody heavy chains into complete tetrameric light chain
and heavy chain antibodies.

[0145] Inoneembodiment, a nucleic acid encoding an anti-
body light chain and a nucleic acid encoding an antibody
heavy chain are present on two mutually compatible expres-
sion vectors which are each under the control of different or
the same promoter(s). In this embodiment, the expression
vectors are co-transformed or transformed individually.
[0146] In one embodiment of the invention, host cells are
transformed with a recombinant rhabdovirus expression sys-
tem comprising nucleic acid sequences encoding an antibody
light chain and/or an antibody heavy chain of the desired
recombinant antibody. Thus, in one aspect, a nucleic acid
sequence can encode a single-chain recombinant antibody.
[0147] Transformation of cells of higher eukaryotic origin,
such as mammalian cell lines, is achieved by methods such as
infection or transfection. Transfection is carried out by con-
ventional techniques, such as calcium phosphate precipita-
tion, microinjection, protoplast fusion, electroporation, i.e.
introduction of DNA by a short electrical pulse which tran-
siently increases the permeability of the cell membrane, or in
the presence of helper compounds such as diethylaminoeth-
yldextran, dimethyl sulfoxide, glycerol or polyethylene gly-
col, and the like. After the transfection procedure, transfected
cells are identified and selected, for example, by cultivation in
a selective medium chosen depending on the nature of the
selection marker, for example standard culture media such as
Dulbecco’s modified Eagle medium (DMEM), minimum
essential medium, RPMI 1640 medium and the like, contain-
ing e.g., the corresponding antibiotic.
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[0148] The present invention further encompasses methods
for making and using compounds without sugars found to be
able to elicit an adverse reaction. Such methods include syn-
thesizing the compound without the sugar, using a cell line
that does not add the sugar, as well as methods for removing
the sugar if present using, for example, enzymes specific for
that type of sugar-protein linkage.

[0149] The invention encompasses the preparation and use
of pharmaceutical compositions comprising a compound
useful for treatment of the diseases disclosed herein as an
active ingredient. Such a pharmaceutical composition may
consist of the active ingredient alone, in a form suitable for
administration to a subject, or the pharmaceutical composi-
tion may comprise the active ingredient and one or more
pharmaceutically acceptable carriers, one or more additional
ingredients, or some combination of these. The active ingre-
dient may be presentin the pharmaceutical composition in the
form of a physiologically acceptable ester or salt, such as in
combination with a physiologically acceptable cation or
anion, as is well known in the art.

[0150] The formulations of the pharmaceutical composi-
tions described herein may be prepared by any method known
or hereafter developed in the art of pharmacology. In general,
such preparatory methods include the step of bringing the
active ingredient into association with a carrier or one or more
other accessory ingredients, and then, if necessary or desir-
able, shaping or packaging the product into a desired single-
or multi-dose unit.

[0151] Although the descriptions of pharmaceutical com-
positions provided herein are principally directed to pharma-
ceutical compositions which are suitable for ethical adminis-
tration to humans, it will be understood by the skilled artisan
that such compositions are generally suitable for administra-
tion to animals of all sorts. Modification of pharmaceutical
compositions suitable for administration to humans in order
to render the compositions suitable for administration to vari-
ous animals is well understood, and the ordinarily skilled
veterinary pharmacologist can design and perform such
modification with merely ordinary, if any, experimentation.
Subjects to which administration of the pharmaceutical com-
positions of the invention is contemplated include, but are not
limited to, humans and other primates, mammals including
commercially relevant mammals such as cattle, pigs, horses,
sheep, cats, and dogs, and birds including commercially rel-
evant birds such as chickens, ducks, geese, and turkeys.
[0152] One type of administration encompassed by the
methods of the invention is parenteral administration, which
includes, but is not limited to, administration of a pharmaceu-
tical composition by injection of the composition, by appli-
cation of the composition through a surgical incision, by
application of the composition through a tissue-penetrating
non-surgical wound, and the like. In particular, parenteral
administration is contemplated to include, but is not limited
to, subcutaneous, intraperitoneal, intramuscular, and
intrasternal injection, and kidney dialytic infusion techniques
[0153] Pharmaceutical compositions that are useful in the
methods of the invention may be prepared, packaged, or sold
in formulations suitable for oral, rectal, vaginal, parenteral,
topical, pulmonary, intranasal, inhalation, buccal, oph-
thalmic, intrathecal or another route of administration. Other
contemplated formulations include projected nanoparticles,
liposomal preparations, resealed erythrocytes containing the
active ingredient, and immunologically-based formulations.
[0154] A pharmaceutical composition of the invention may
be prepared, packaged, or sold in bulk, as a single unit dose,
or as a plurality of single unit doses. As used herein, a “unit
dose” 1s a discrete amount of the pharmaceutical composition



US 2010/0120058 A1

comprising a predetermined amount of the active ingredient.
The amount of the active ingredient is generally equal to the
dosage of the active ingredient which would be administered
to asubject, or a convenient fraction of such a dosage such as,
for example, one-half or one-third of such a dosage.

[0155] The relative amounts of the active ingredient, the
pharmaceutically acceptable carrier, and any additional
ingredients in a pharmaceutical composition of the invention
will vary, depending upon the identity, size, and condition of
the subject treated and further depending upon the route by
which the composition is to be administered. By way of
example, the composition may comprise between 0.1% and
100% (w/w) active ingredient.

[0156] In addition to the active ingredient, a pharmaceuti-
cal composition of the invention may further comprise one or
more additional pharmaceutically active agents. Particularly
contemplated additional agents include anti-emetics and
scavengers such as cyanide and cyanate scavengers.

[0157] Controlled- or sustained-release formulations of a
pharmaceutical composition of the invention may be made
using conventional technology.

[0158] A formulation of a pharmaceutical composition of
the invention suitable for oral administration may be pre-
pared, packaged, or sold in the form of a discrete solid dose
unit including, but not limited to, a tablet, a hard or soft
capsule, a cachet, a troche, or a lozenge, each containing a
predetermined amount of the active ingredient. Other formu-
lations suitable for oral administration include, but are not
limited to, a powdered or granular formulation, an aqueous or
oily suspension, an aqueous or oily solution, or an emulsion.
[0159] The invention should not be construed to be limited
solely to the assays and methods described herein, but should
be construed to include other methods and assays as well. One
of skill in the art will know that other assays and methods are
available to perform the procedures described herein.

[0160] Without further description, it is believed that one of
ordinary skill in the art can, using the preceding description
and the following illustrative examples, make and utilize
recombinant antibodies, molecules comprising alphaGal, and
practice the claimed methods. The following working
examples therefore, specifically point out the preferred
embodiments of the present invention, and are not to be
construed as limiting in any way the remainder of the disclo-
sure.

EXAMPLES

[0161] The rapid adverse reaction to cetuximab is charac-
teristic of an IgE mediated response. To test this theory, serum
samples, from independent centers, have been collected from
patients who have or have not had an anaphylactic response to
the infusion of cetuximab.

[0162] Methods
[0163] Patients and Controls
[0164] The studies reported here were approved by the

Institutional Review Board at each institution. In addition to
the samples from the cetuximab treated patients, samples
from three distinct locations within the US were analyzed to
investigate the geographical differences in the HSR rates.
Detailed patient characteristics are described in Table 1.
Cohort 1: Pre-treatment sera were obtained from 76 cancer
patients who were treated with cetuximab. These include 35
patients enrolled between June 2005 and December 2006 at
the Vanderbilt University Medical Center (VUMC) (Nash-
ville, Tenn.); 27 patients selected from clinical trials con-
ducted by Bristol Myers Squibb (Plainsboro, N.JI.); nine (“9”)
patients from the Allergy and Asthma Clinic of Northwest
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Arkansas (Bentonville, Ark.) and 5 patients from Duke Uni-
versity Medical Center (Durham, N.C.). With the exception
of the VUMC samples, this cohort was enriched for HSR.
Cohorts 2, 3 and 4: Control sera; 2) 72 sera from healthy
volunteers obtained at yearly HNSCC screening days at
VUMC matched with the cancer patients at VUMC for age,
sex, race and smoking history; 3) 49 patients with HNSCC
presenting to Stanford University Medical Center (Menlo
Park, Calif.), of whom three received cetuximab; 4) 341 sera
from adult women in Boston, Mass. (15). Cohorts 3 and 4
were included as representative samples from areas where
there is low prevalence (<1%) of HSR during cetuximab
treatment. Six patients with recurrent anaphylaxis or
angioedema presenting to the University of Virginia Allergy
Clinic were also included in the study. These patients had
been found to be CR-IgE(+) and their sera was used in devel-
oping the assay and evaluating specificity.

[0165] Grading of Hypersensitivity Reactions

[0166] Grading was based on documented symptoms and
signs using the National Cancer Institute grading scale (NCI
CTC Version 3) (16). The common characteristics of grade
three reactions were skin rash, dyspnea and hypotension.
Grade four is “anaphylaxis”. Twenty-five of the 76 treated
patients had HSR determined by the treating physicians at 15
institutions. The grading carried out by the individual inves-
tigators identified 13 mild (grade 1 or 2) and 12 severe reac-
tions (grade 3 or 4).

[0167] Antigens Evaluated in ImmunoCAP Assays
[0168] Cetuximab and Cetuximab-Derived Antigens:
[0169] Cetuximab, which is produced by expressing clone

(225 in the mouse myeloma cell line SP2/0, was provided by
ImClone Systems, Incorporated (Branchburg, N.J.) (8,17). In
addition, two variants of cetuximab, produced in Chinese
Hamster Ovary (CHO) cell lines, were also obtained from
ImClone: 1) CHO-C225, has modified glycosylation at the
asparagine 88 and 299 (N88 and N229) sites as a result of its
expression in CHO cells, while 2) CHO-C225-N88Q lacks
glycosylation at the N88 site due to amino acid substitution
(17,18). These two mAb, which were purified by the standard
techniques used for cetuximab, were shown to have the same
affinity for EGFR as the commercial antibody. The F(ab')2
fragment of cetuximab was prepared by digestion with pepsin
and purification over a protein A column. The molecular
weights ofall these molecules were confirmed by SDS PAGE.
Cetuximab and cetuximab-derived antigens were biotiny-
lated using sulfosuccinimidyl 6-(biotinamido) hexanoate
(EZ-Link; Pierce Biotechnology, Rockford, 1I) (14).

[0170] Alternative Antigens:

[0171] Rituximab, an anti-CD20 mAb (Genentech, Inc.,
San Francisco, Calif.) and infliximab, an anti-TNF-alpha
mAb (Centocor, Inc., Horsham, Pa.) were obtained commer-
cially. Galactose-alpha-1,3-galactose-beta-1,4-GleNAc-
beta-sp-biotin was purchased from GlycoTech Corp. (Gaith-
ersburg, Md.). Mouse 1gG was obtained from Immunology
Consultants Inc. and Fel d 1 was purified by affinity chroma-
tography using the mAb #6F9 (19).

[0172] ImmunoCAP IgE Assays

[0173] A detailed description of the InmunoCAP assay is
given elsewhere (14,20). The ImmunoCAP assay utilizes a
variation of the traditional RAST in which antigens are bound
to a solid phase. Serum is incubated with the solid phase and
antibodies present in the sera bind to the specific antigen.
Antibody-antigen complexes are detected by a secondary
enzyme-labeled anti-IgE ab. Total and specific IgE antibodies
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were measured using both traditional InmunoCAP (Phadia
US Inc.) and the modified assay using streptavidin bound to
the solid phase (14). All assays on sera from treated patients
were carried out at the University of Virginia and analyzed
blinded to HSR status. Cauximab was biotinylated and
approximately 5 pg of biotinylated antigen was added to each
streptavidin coated CAP before adding 40 pl of undiluted
serum. The assays were performed with the ImmunoCAP250
instrument and the results were expressed as TU/ml where the
1U both for specific and total IgE is approximately 2.4 ng. For
all assays, the standard cut off for a positive reaction was 0.35
IU/ml. The Streptavidin CAP technique was also used to
measure IgE ab to the variants of cetuximab, the F(ab')2
fragment, alphaGal, mouse IgG, rituximab, infliximab, and
purified cat allergen Fel d 1. To investigate cross reactivity,
sera were tested using commercially available CAP assays
from Phadia US Inc. for IgE ab to dust mite, cat, dog, German
cockroach, grass pollen, ragweed pollen, beef, pork, cows’
milk and Alternaria.

[0174] Results

[0175] Serum Assays for IgE ab Cross-Reactive with
Cetuximab (CR-IgE)

[0176] The assays for IgE antibodies binding to cetuximab
identified positive sera with titers ranging from 0.38 to 140
IV/ml. Representative results are shown for six patients
treated with cetuximab who had anaphylaxis, 11 patients who
had no reaction to cetuximab, and six patients with recurrent
anaphylaxis or angioedema unrelated to cetuximab treatment
(Table 2). In addition to the specificity of the anti-IgE used in
the assay, two lines of evidence establish that this assay was
measuring IgE ab binding to cetuximab. First, a large part or
all of the IgE ab was specific for the Fab part of the molecule
and second, when sera were absorbed with anti-IgE, deple-
tion of CR-IgE and total IgE occurred in parallel (Table 2).

[0177] Analysis of Pre-Existing Cetuximab-Reactive IgE
Antibodies in Patients

[0178] A total of 538 serum samples were analyzed across
4 cohorts and 38 sera were positive for CR-IgE (FIG. 1).
Among the 76 treated cases in cohort 1, 25 experienced HSR
during the first infusion and 18/76 sera were positive for
CR-IgE. Of the 18 CR-IgE(+) patients, 17 were reported by
the treating physician to have had HSR, whileonly 8 out of 58
CR-IgE(-) patients had an HSR reported (chi-square=37.8,
p<0.001). In retrospective chart review, the one patient with
CR-IgE not reported to have HSR had a reaction 90 minutes
after starting the infusion of cetuximab. The sensitivity and
specificity ofa positive IgE ab assay to predict any HSR were
68% and 98%, respectively. To predict severe HSR these
values were 92% and 90%, respectively. Patients with CR-
IgE had a higher rate of severe HSR compared to CR-IgE
negative patients (Fisher’s exact test p=0.031). Among the 8
patients who were reported to have had an HSR, but were
CR-IgE negative, 7 had grade 1-2 reactions and only 1 patient
had grade 3. Five of these 8 patients were rechallenged and
completed treatment without further reactions. By contrast,
all 18 of the patients who were subsequently found to be
CR-IgE positive had had their therapy discontinued.

[0179] In control sera from Tennessee 15/72 (20.8%) were
positive for CR-IgE. Both the prevalence and the titers were
similar to those for the treated subjects from Tennessee (FIG.
1). Among the HNSCC sera from California and the sera from
Boston, 3/49 (6.1%) and 2/341 (0.59%) were CR-IgE(+)
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(FIG.1). These low rates in cohorts 3 and 4 are consistent with
low rates of HSR reported in clinical trials of cetuximab in
those regions of the USA.

[0180] Specificity ofthe IgE Antibodies that Bind to Cetux-
imab
[0181] Given that the CR-IgE antibodies were specific for

the Fab portion of cetuximab, the results could be explained
by IgE ab recognizing either residual mouse amino acid
sequence, or the oligosaccharides on this segment of the
molecule (FIG. 2). The lack of crossreactivity with other
chimeric mAb (e.g. rituximab and infliximab) and the lack of
CR-IgE in sera from mouse allergic subjects argue against the
relevance of residual mouse amino acid sequence (Table 3
and data not shown). The Fab section of the cetuximab heavy
chain is glycosylated at N88 with a range of sugars including
alpha-1,3-galactose and the sialic acid N-glycolylneuraminic
acid (NGNA) (17). To test whether the CR-IgE were specific
for these sugars, sera were analyzed for the two differentially
glycosylated variants of the antibody: CHO-C225 and CHO-
(C225-N88Q. We saw completely negative results with 11/11
of the cetuximab-treated CR-IgE positive sera and 5/6 of the
anaphylaxis patients tested (Table 3 and data not shown). By
contrast, the results for CR-IgE showed a strong positive
correlation with the results for IgE ab to alphaGal, cat, dog,
beef, and pork (Table 3 and data not shown). There was no
significant correlation for any of the non-mammalian aller-
gens tested (p>0.1 in each case). Although most of the CR-
IgE(+) sera tested were positive for IgE ab to cat pelt, 11/12
were negative for the major cat allergen Fel d 1. Consistent
with the hypothesis that the results reflect IgE abto acommon
epitope, the IgE ab to cat, dog, beef and alphaGal could be
fully inhibited with cetuximab (data not shown). These
results are best interpreted as showing that the IgE antibodies
binding to cetuximab reflect a pre-existing response to
alphaGal and possibly other sugars that are present both on
the Fab fragment of cetuximab and on a range of mammalian
proteins.

[0182] Discussion

[0183] Although severe anaphylactic reactions have been
reported following treatment with several different mAb,
their mechanisms have not been defined and the reaction rates
have generally been less than 1% (1-5,7,8,21). Our results
show that most of the severe reactions in patients treated with
cetuximab are associated with pre-existing IgE ab to
alphaGal. The association with reported HSR was very strong
and inkeeping with that, the assay for CR-IgF identified 17 of
the 21 subjects whose treatment had been discontinued after
the first infusion. Unlike most other mAb, cetuximab is pro-
duced in the mouse cell line SP2/0 which expresses the gene
for alpha-1,3-galactosyl transferase (17, 18). The evidence
that IgE antibodies specific for the post-translational modifi-
cation of a recombinant molecule can cause severe infusion
reactions may have general relevance to understanding aller-
gic responses to recombinant molecules.

[0184] In 1936, Karl Landsteiner recognized that human
sera contained antibody specific for widely cross-reactive
carbohydrate epitopes on mammalian proteins (22). It is now
well recognized that all humans have IgG antibodies for the
oligosaccharide alphaGal which is closely related to the
blood group substances (23, 24). Indeed, this oligosaccharide
is recognized as one of the major barriers to organ transplan-
tation from lower mammals to baboons and this has prompted
the development of a strain of pigs in which the gene for
alpha-1,3-galactosyl transferase has been knocked out (23,
25).

[0185] Our finding of IgE ab to alphaGal is novel and is
important for several reasons. It is obvious from our results
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that injecting recombinant proteins carrying this sugar can
cause anaphylaxis. This finding also raises the possibility that
a similar mechanism could give rise to IgE specific for the
closely related blood group substances (25). Finally, wide
cross-reactivity of these antibodies may put patients at risk
from natural exposure to proteins carrying these sugars. The
rapid reactions to cetuximab may be explained by the manner
of drug treatment, i.e. intravenous injection, and also because
alphaGal is present on both Fab segments of the antibody
(FIG. 2), allowing for the efficient cross-linking of IgE on
mast cells. Patient’s who are CR-IgE(+) do not report rapid
onset of allergic symptoms after the ingestion of beef, pork or
cow’s milk. However, we have identified a series of CR-IgE
(+) patients who report episodes of anaphylaxis or severe
angioedema one to three hours after eating beef or pork (Table
2 and 3). This delayed onset of symptoms could reflect the
fact that the IgE is directed against a single epitope (i.e. one
alphaGal moiety on each protein molecule). A similar phe-
nomenon has been reported with IgE ab to carbohydrate
epitopes of plant proteins (26, 27). In addition, it has recently
been reported that some out allergic patients have IgE ab that
bind to a carbohydrate epitope on cat IgA (29).

[0186] The high prevalence of HSR to cetuximab in the
southeast is supported by our own data on the cohort from
Tennessee and also recent publications (11). The striking
difference in prevalence of CR-IgE provides a rational expla-
nation for the difference in reaction rates between Boston or
Northern California on the onehand and Tennessee, Arkansas
and North Carolina on the other (6, 11, 28, 30). A high
prevalence of IgE to neuromuscular blocking agents
(NMBA) in Norway was found to be associated with anaphy-
laxis. In that case, the difference between Norway and Swe-
den was attributed to the use of suxamethonium, as an ingre-
dient in a commonly used cough syrup in Norway (31, 32).
The explanation for the regional distribution of CR-IgE is not
clear. Our initial hypotheses included cross-reactivity with
regional pollen, locally prevalent food, or a response to an
infectious organism present in this area. AlphaGal is wide-
spread on mammalian proteins and most humans have made
an IgG response to the epitope (23, 24). Thus, the question
should be, why do subjects in one area of the country develop
1gE specific for these sugars? The effect does not appear to be
a non-specific enhancement of IgE production since there
was no significant association with IgE to allergens other than
those derived from mammals. The regional infections that
could be relevant include Histoplasmosis, a local gut patho-
gen such as amoeba, coccidiomycosis, Eimeria species or a
nematode infection. Nematode infections are an interesting
possibility because these pathogens are well recognized to
enhance IgE and IgE ab production (33, 34). Infections with
Ascaris, Strongyloides, Trichuris and Trichinella are still
present in the United States although clinically important
infections are rare. In support of the relevance of parasite
infection, we have recently found that 80% of sera from a
village in Kenya were CR-IgE(+) (unpublished data) (35).
This finding may be relevant to understanding high levels of
total IgE in the tropics. We hypothesize that this IgE ab
response which cross-reacts with proteins from a wide range
of lower mammals is a heterophile response induced by an
infection that is still common in some areas of the United
States.

[0187] In conclusion, we have identified pre-existing IgE
ab for an oligosaccharide present on a recombinant molecule,
as anovel mechanism underlying HSR. Because of the wide-
spread use of cetuximab (and other mAb) to treat metastatic
CRC or EINSCC, our evidence that an assay for IgE to cetux-
imab can identify patients at risk for serious HSR has signifi-
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cant implications for the care of cancer patients or others
receiving cetuximab for any other disease or disorder. Our
results may have wider implications for both evaluating the
risks associated with global dissemination of antibody-based
therapeutics, and understanding the relevance of an IgE
response to post-translational modifications of recombinant
molecules.

[0188] The disclosures of each and every patent, patent
application, and publication cited herein are hereby incorpo-
rated by reference herein in their entirety.

[0189] Headings are included herein for reference and to
aid in locating certain sections. These headings are not
intended to limit the scope of the concepts described therein
under, and these concepts may have applicability in other
sections throughout the entire specification.

[0190] While this invention has been disclosed with refer-
ence to specific embodiments, it is apparent that other
embodiments and variations of this invention may be devised
by others skilled in the art without departing from the true
spirit and scope of the invention.
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TABLE 1

Characteristics of studv cohorts

Cohort 1 Cohort2  Cohort3  Cohort4
Tennessee Other  Tennessee California ~ Boston
Cases Cases Controls ~ Controls  Controls
N=35) (N=41) (N=72) (N=49) (N=341) Summary
Age
Median (range) 58 (43-93) 63 (41-81) 58 (32-82) 58 (36-97) N/A 58 (32-97)
Sex N=538
Male/Female 22/13 22/19 40/32 3712 0/341 121/417
% Male 63 54 36 76 0 22
Race N =538
White 33 35 65 23 236 73%
Black 2 5 7 2 54 3%
Other 0 1 0 2 32 1%
Unknown 0 0 0 22 19 24%
Tobacco use N=197
Current 18 14 16 0 24%
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TABLE 1-continued
Characteristics of study cohorts
Cohort 1 Cohort 2 Cohort3  Cohort 4

Tennessee Other  Tennessee California  Boston
Cases Cases Controls  Controls  Controls
(N=35) (N=41) (N=72) (N=49) (N=341) Summary

Former 3 11 25 0 N/A 20%
Never 13 16 31 0 30%
Unknown 1 0 0 49 25%
Tumor site N=125
Head and Neck 18 5 49 58%
Colorectal 17 35 N/A 0 N/A 42%
Lung 0 1 0 1%
Clinical Stage N=76
I 9 4 17%
uig 8 6 N/A N/A N/A 18%
v 14 25 51%
Unknown 4 6 13%
Investigator HSR N=26
Low grade 6 7 50%
High grade 4 8 N/A N/A N/A 46%
Late response 1 0 4%
Retrospective HSR N=26
Low grade 0 2 N/A N/A N/A 8%
High grade 11 13 92%

N/A = Not Available
!Scoring based on blind analysis of case reports

TABLE 2

IgE antibodies (IU/mL) to Cetuximab and the F(ab)'2 fragment of the molecule.

Depletion with anti-IgE":

Hypersensitivity F(ab")2 Total IgE %  CR-IgE %
Reaction Total [gE  Cetuximab® Fragment’ Rituximab® Remaining Remaining?
Anaphylaxis ¥ 3161 41.6 409 0.35 1.3 1.0
with Cetuximab 2 887 388 52.3 0.35 8.9 12
33 374 20.2 26 0.35 34 3.2
43 348 11.1 13.2 0.35 9.1 5.2
5 585 49 57 0.35 2 21
63 222 42 6.6 0.35 15 8.4
Recurrent 7 1081 131 158 1.75 49 4.0
Anaphylaxis® 8 243 69.2 86.8 0.35 09 40
9 242 551 99.6 0.35 9.6 6.7
10 188 435 45.8 0.35 11.1 5.9
11 538 81.1 100 0.35 14 5.7
12 63.6 13 179 0.35 11 4.9
HSR,N=12 315 12/12 12/12 1/12 5.7 5.37
# Positive/total # (130-760)° (26.7) (334) (—)
(mean)*
Non-HSR, N = 11# 174 0/11 0/11 0/11 ND ND
Positive/total #° (6.8-45)%

ND = not determined
Footnotes for Table 2:
!Omaluzimab (monoclonal anti-IgE) bound to protein A agarose beads was incubated overight at 4 degrees C.
ata 1:5 bead to serum volume ratio.
2 Assayed with biotinylated antigen on streptavidin CAP.
3Patients with grade 4 anaphylaxis
“Patients presenting to the University of Virginia Allergic Disease Clinic with recurrent angioedema or anaphy-
laxis found to be CR-IgE(+). Patients 11 and 12 reported severe episodes of angioedema.
Summary of patients 1-12.
SGeometric mean (x93% confidence interval)
SMean percent remaining after depletion
“Summary of 11 cetuximab-treated cancer patients where no HSR was reported.
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TABLE 3

16

Specificity of the IgE antibodies (IU/mL) that cross-react with the monoclonal antibody cetuximab

Cells lines used to

express cetuximab:

Hypersensitivity SP2/0 Mouse
Reaction (Mouse)! CHO!  AlphaGal'?  IgG! Cat Dog TFeld1' Beef
Anaphylaxis with 1 41.6 0.35 13.8 035 3.16 2.6 0.35 3.02
Cetuximab 2 38.8 0.35 35.2 035 13.2 12.3 0.35 12.46
3 20.2 0.35 12.6 035 9.34 9.77 0.35 692
4 11.1 0.35 291 035 1.94 1.86 0.35 1.82
5 4.86 0.35 2.02 035 0.35 0.35 0.35 0.35
6 4.15 0.35 271 035 1.54 1.5 0.35 1.66
Recurrent 7 131 1.89 389 1.75 41.5 345 3.64 329
Anaphylaxis3 8 €9.2 0.35 421 1.19 27.7 32 0.35 262
9 55.1 0.35 322 043 22.2 25.1 0.35 13.8
10 43.5 035 323 035 373 29.4 0.35 348
11 81.1 035 100 035 143 14.7 0.35 8.75
12 13 0.35 9.03 0.78 8.86 8.84 0.35 89
HSR,N=12 12/12 112 1212 4/12 1112 11/12 1/12 11/12
# Positive/total # (27.7) (—) (25.5) (—)  (103) (9.93) (—) (7.16)
(mean)*
Non-HSR, N =11 0/11 0/11 011 0/11 011¢ 011 o1l 01118
# Positive/total #°
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Footnotes for Table 3:
! Assayed with biotinylated antigen on streptavidin CAP.
2galactose-alphal ,3-galactose-betal 4GlcNAcbeta-sp-biotin

3Patients presenting to the University of Virginia Allergic Disease clinic with recurrent angioedema or anaphylaxis

found to be CR-IgE positive. Patients 7-10 reported episodes of anaphylaxis.
Summary of patients 1-12.

SSummary of 11 cetuximab-treated patients without HSR.

Schi-square = 19.3; p < 0.001, when compared to anaphylaxis patients.

What is claimed is:

1. A method of identifying a subject with a predisposition
to an adverse reaction to cetuximab, said method comprising
obtaining a biological sample from said subject, measuring
the level of IgE antibody which cross-reacts with cetuximab
in said sample, comparing said level of IgE antibody with the
level of IgE antibody which cross-reacts with cetuximab in an
otherwise identical biological sample obtained from a control
subject without a predisposition to an adverse reaction to
cetuximab or in a standard sample comprising a known level
of IgE antibody which cross-reacts with cetuximab, wherein
a higher level of IgE antibody which cross-reacts with cetux-
imab in said sample from said test subject compared with the
level of IgE antibody which cross-reacts with cetuximab in
said otherwise identical biological sample or in a standard
sample is an indication that said test subject has a predispo-
sition to an adverse reaction to cetuximab, thereby identifying
asubject with a predisposition to an adverse reaction to cetux-
imab.

2. The method of claim 1, wherein said level of IgE anti-
body in said sample from said test subject which cross-reacts
with cetuximab is selected from the group consisting of at
least about 0.1 IU/ml, at least about 0.35 IU/ml, at least about
1.0 IU/ml, at least about 5.0 IU/ml, at least about 10.0 IU/ml,
at least about 20.0 IU/ml, at least about 50.0 IU/ml, at least
about 100.0 IU/ml, and at least about 150.0 IU/ml.

3. The method of claim 2, wherein said biological sample
is selected from the group consisting of blood, serum, and
plasma.

4. The method of claim 3, wherein said subject is human.

5. The method of claim 1, wherein said IgF antibody which
cross-reacts with cetuximab also cross-reacts with an F(ab"),
fragment of cetuximab.

6. The method of claim 5, wherein said F(ab'), fragment
comprises the oligosaccharide moiety galactose-alpha-1,3-
galactose.

7. The method of claim 6, wherein said IgE antibody cross-
reacts with the oligosaccharide moiety galactose-alpha-1,3-
galactose.

8. The method of claim 1, wherein said cetuximab com-
prises the oligosaccharide moiety galactose-alpha-1,3-galac-
tose.

9. The method of claim 8, wherein said IgE antibody cross-
reacts with the oligosaccharide moiety galactose-alpha-1,3-
galactose.

10. The method of claim 1, wherein said IgE antibody also
cross-reacts with other compounds comprising the oligosac-
charide moiety galactose-alpha-1,3-galactose.

11. The method of claim 10, wherein said other compound
is a protein or therapeutic antibody.

12. The method of claim 11, wherein said therapeutic anti-
body 1s a monoclonal antibody.

13. The method of claim 1, wherein said adverse reaction is
selected from the group consisting of allergic reactions, dif-
ficulty breathing, rash, itching, low blood pressure, loss of
consciousness, hypersensitivity reaction, anaphylaxis, and
heart attack.

14. The method of claim 13, wherein said adverse reaction
is a hypersensitivity reaction.

15. The method of claim 14, wherein said adverse reaction
1s anaphylaxis.

16. The method of claim 1, wherein said IgE antibody
which cross-reacts with cetuximab is measured using an
ImmunoCAP assay.
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17. The method of claim 16, wherein said ImmunoCAP
assay is a modified ImmunoCAP assay using streptavidin
bound to the solid phase.

18. The method of claim 17, wherein the level of said IgE
is expressed in IU/ml.

19. A method of identifying a subject with a predisposition
to an adverse reaction to a compound comprising the oli-
gosaccharide moiety galactose-alpha-1,3-galactose, said
method comprising obtaining a biological sample from said
subject, measuring the level of IgE antibody which cross-
reacts with said compound comprising the oligosaccharide
moiety galactose-alpha-1,3-galactose in said sample, com-
paring said level of IgE antibody with the level of IgE anti-
body which cross-reacts with said compound comprising the
oligosaccharide moiety galactose-alpha-1,3-galactose in an
otherwise identical biological sample obtained from a control
subject without a predisposition to an adverse reaction to a
compound comprising the oligosaccharide moiety galactose-
alpha-1,3-galactose or with a standard sample comprising a
known level of said IgE antibody, wherein a higher level of
IgE antibody which cross-reacts with said compound com-
prising the oligosaccharide moiety galactose-alpha-1,3-ga-
lactose in said sample from said test subject compared with
the level of IgE antibody which cross-reacts with said com-
pound comprising the oligosaccharide moiety galactose-al-
pha-1,3-galactose in said otherwise identical biological
sample or with a standard sample is an indication that said test
subject has a predisposition to an adverse reaction to said
compound comprising the oligosaccharide moiety galactose-
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alpha-1,3-galactose, thereby identifying a subject with a pre-
disposition to an adverse reaction to cetuximab.

20. The method of claim 19, wherein said compound is a
protein.

21. The method of claim 20, wherein said protein is an
antibody.

22. The method of claim 21, wherein said antibody is a
therapeutic antibody.

23. The method of claim 19, wherein said compound is
derived from a non-human animal.

24. A method of identifying a first compound comprising
the oligosaccharide moiety galactose-alpha-1,3-galactose,
said method comprising obtaining a sample comprising an
IgE antibody which cross-reacts with a second compound
comprising the oligosaccharide moiety galactose-alpha-1,3-
galactose, wherein said IgE antibody binds with the oligosac-
charide moiety galactose-alpha-1,3-galactose on said second
compound, and determining whether said IgE antibody spe-
cifically cross-reacts with said first compound, thereby iden-
tifying a compound comprising the oligosaccharide moiety
galactose-alpha-1,3-galactose.

25. A kit for determining whether a subject has a predis-
position to an adverse reaction to cetuximab, said kit com-
prising cetuximab, or optionally a fragment of cetuximab or
another compound comprising the oligosaccharide moiety
galactose-alpha-1,3-galactose, a standard or standard sample,
an applicator, and an instructional material for the use thereof.
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