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DESCRIPTION

FIELD OF THE INVENTION

[0001] This disclosure relates methods of using a non-fucosylated anti-CD40 antibody for
treatment of cancer and chronic infectious diseases.

BACKGROUND OF THE INVENTION

[0002] CD40 is a member of the tumor necrosis factor (TNF) receptor superfamily. It is a single
chain type | transmembrane protein with an apparent MW of 50 kDa. CD40 i1s expressed by
some cancer cells, e.g., lymphoma cells and several types of solid tumor cells. CD40 also
functions to activate the immune system by facilitating contact-dependent reciprocal interaction
between antigen-presenting cells and T cells. WO 2009/094391 A1 published on 30 July 2009
discloses optimized CD40 antibodies and methods of using the same. Although a number of
anti-CD40 antibodies have been tested In clinical trials, to date none have exhibited sufficient
activity. The present disclosure solves this and other problems.

BRIEF SUMMARY OF THE INVENTION

[0003] This disclosure provides a method of treating cancer, by administering an anti-CD40
antibody to a patient in need of such treatment. The anti-CD40 antibody comprises the heavy
chain variable region of SEQ ID NO: 1 and the light chain variable region of SEQ ID NO:2, and
a human constant region. The constant region has an N-glycoside-linked sugar chain at
residue N297 according to the EU Iindex as set forth in Kabat and less than 5% of the N-
glycoside-linked sugar chains include a fucose residue, 1.e., a fucose bound to the reducing
terminal of the sugar chain via an a1,6 bond to N-acetylglucosamine ("GIcNAc"). Administration
of the anti-CD40 antibody 1s at a dose level between 0.1-300 ug/kg (Mg antibody per kilogram
patient body weight). In one embodiment, the anti-CD40 antibody dose level Is between 0.6-
150 pg/kg. In another embodiment, the anti-CD40 antibody dose level is between 1.0-100
ug/’kg. In another embodiment, the anti-CD40 antibody dose level is between 5-25 ug/kg. In
another embodiment, the anti-CD40 antibody dose level i1s between 8-12 pg/kg. In another
embodiment, the antl-CD40 antibody dose level 1s about 10 ug/kg. In another embodiment, the
anti-CD40 antibody the dose level is 10 ug/kg.

[0004] The invention provides an anti-CD40 antibody for use in a method of treating cancer,
the method comprising the steps of administering a composition comprising the anti-CD40
antibody to a patient in need of such treatment. The anti-CD40 antibody comprises the heavy
chain variable region of SEQ ID NO:1 and the light chain variable region of SEQ ID NO:2, and

a human constant region. The constant region has an N-glycoside-linked sugar chain at
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residue N297 according to the EU Index as set forth in Kabat and less than 5% of the N-
glycoside-linked sugar chains include a fucose residue, I.e., a fucose bound to the reducing
terminal of the sugar chain via an a1,6 bond to N-acetylglucosamine ("GICNAc"). Administration
of the anti-CD40 antibody is at a dose level between 0.1-2000 ug/kg (ug antibody per kilogram
patient body weight). In one embodiment, the dose level is between 10-1000 ug/kg. In another
embodiment, the dose level is between 50-800 ug/kg. In a further embodiment, the dose level
IS between 75-600 ug/kg. In another embodiment, the dose level is between 100-500 ug/kg. In
further embodiments, the dose level is In a range selected from the following: 100-300 ug/kg,
300-500 ug/kg, 500-700 ug/kg, 700-900 ug/kg, and 900-1100 ug/kg. In other embodiments,
the dose level Is In a range selected from the following: 100-150 ug/kg, 150-200 ug/kg, 200-
250 pg/kg, 250-300 pg/kg, 300-350 pg/kg, 350-400 pg/kg, 400-450 pg/kg, 450-500 pg/kg, 500-
550 pg/kg, 550-600 pg/kg, 600-650 pg/kg, 650-700 pg/kg, 700-750 pg/kg, 750-800 pg/kg, 800-
850 ug/kg, 850-900 ug/kg, 900-950 ug/kg, 950-1000 pg/kg, 1000-1050 pg/kg, and 1050-1100
ug/’kg. In further embodiments, the dose level is selected from the following: 60 ug/kg, 100
ug’kg, 150 ug/kg, 200 ug/kg, 250 ug/kg, 300 ug/kg, 350 pg/kg, 400 ug/kg, 450 ug/kg, 500
ug/’kg, 550 ug/kg, 600 ug/kg, 650 ug/kg, 700 ug/kg, 750 pg/kg, 800 ug/kg, 850 ug/kg, 900
ug/’kg, 950 pg/kg, 1000-1050 pg/kg, 050 ug/kg, and 1110 ug/kg.

[0005] In one aspect, the anti-CD40 antibody i1s administered every three weeks. In another
aspect the anti-CD40 antibody I1s administered every six weeks. In another aspect the anti-
CD40 antibody Is administered every ten weeks. In another aspect the anti-CD40 antibody iIs
administered every twelve weeks. In another aspect the anti-CD40 antibody i1s administered
every fifteen weeks. In another aspect the anti-CD40 antibody i1s administered every eighteen
weeks.

[0006] In another embodiment, the patient has a CD40 positive cancer. In another
embodiment, the patient has a CD40 negative cancer. In a further embodiment, the patient has
a cancer that is a solid tumor. In yet another embodiment, the patient has a cancer that Is a
blood cancer. In another embodiment, the cancer is a melanoma, a breast cancer, including
metastatic breast cancer, a lung cancer, including a non-small cell lung cancer, or pancreatic
cancer.

[0007] In a further aspect, this disclosure provides methods of treating cancer by administering
to the patient a combination of the anti-CD40 antibody and an antibody that blocks an immune
checkpoint. One example of an antibody that blocks an immune checkpoint is an anti-cytotoxic
T-lymphocyte-associated protein 4 (CTLA4) antibody. Examples of anti-CTLA4 antibodies
Include, e.g., ipiliimumab or tremelimumab. Another example of an antibody that blocks an
Immune checkpoint is an anti-programmed cell death protein 1 (PD1) antibody. Examples of
anti-PDI antibodies include, e.g., nivolumab, pidilizumab, or pembrolizumab. A further example

of an antibody that blocks an immune checkpoint is an anti-programmed death-ligand (PD-L1)
antibody. Examples of anti-PD-LI antibodies include, e.g., MEDI4736 and MPDL3280A.

[0008] Thus, the Invention also provides an anti-CD40 antibody composition for use In a
method of treating cancer in combination with an anti-CTLA4 antibody, the method comprising
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administering the anti-CTLA4 antibody and the anti-CD40 antibody composition comprising an
anti-CD40 antibody to a patient in need of such treatment, wherein the anti-CD40 antibody
comprises the heavy chain variable region of SEQ ID NO: 1 and the light chain variable region
of SEQ ID NO:2, and a human constant region; wherein the constant region has an N-
glycoside-linked sugar chain at residue N297 according to the EU index; and wherein less than
5% of the N-glycoside-linked sugar chains in the composition comprise a fucose residue.

[0009] Also provided I1s an anti-CD40 antibody composition for use in a method of treating
cancer in combination with an anti-PD-1 antibody, the method comprising administering the
anti-PD-1 antibody and the CD-40 antibody composition comprising an anti-CD40 antibody to a
patient iIn need of such treatment, wherein the anti-CD40 antibody comprises the heavy chain
variable region of SEQ ID NO: 1 and the light chain variable region of SEQ ID NO:2, and a
human constant region; wherein the constant region has an N-glycoside-linked sugar chain at
residue N297 according to the EU index; and wherein less than 5% of the N-glycoside-linked
sugar chains in the composition comprise a fucose residue.

[0010] Further provided is an anti-CD40 antibody composition for use in a method of treating
cancer in combination with an anti-PD-L| antibody, the method comprising administering the
anti-PD-LI antibody and the anti-CD40 antibody composition comprising an anti-CD40 antibody
to a patient in need of such treatment, wherein the anti-CD40 antibody comprises the heavy
chain variable region of SEQ ID NO: 1 and the light chain variable region of SEQ ID NO:2, and
a human constant region; wherein the constant region has an N-glycoside-linked sugar chain
at residue N297 according to the EU index; and wherein less than 5% of the N-glycoside-linked
sugar chains in the composition comprise a fucose residue.

[0011] In another embodiment, the patient has a CD40 positive cancer and is treated with a
combination of the anti-CD40 antibody and an antibody that blocks an immune checkpoint,
e.g., an anti-CTLA4 antbody, an anti-PDI antibody, or an anti-PD-LI antibody. In another
embodiment, the patient has a CD40 negative cancer and is treated with a combination of the
anti-CD40 antibody and an antibody that blocks an immune checkpoint, e.g., an anti-CTLA4
antbody, an anti-PDI antibody, or an anti-PD-LI antibody. In a further embodiment, the patient
has a cancer that is a solid tumor and is treated with a combination of the anti-CD40 antibody
and an antibody that blocks an immune checkpoint, e.g., an anti-CTLA4 antbody, an anti-PDI
antibody, or an anti-PD-LI antibody. In yet another embodiment, the patient has a cancer that is
a blood cancer and is treated with a combination of the anti-CD40 antibody and an antibody
that blocks an immune checkpoint, e.g., an anti-CTLA4 antbody, an anti-PDI antibody, or an
anti-PD-L1 antibody. In another embodiment, the cancer 1s a melanoma, a breast cancer,
Including metastatic breast cancer, a lung cancer, including a non-small cell lung cancer, or
pancreatic cancer, and Is treated with a combination of the anti-CD40 antibody and an
antibody that blocks an immune checkpoint, e.g., an anti-CTLA4 antbody, an anti-PDI antibodly,
or an anti-PD-LI antibody.

DEFINITIONS
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[0012] A "polypeptide” or "polypeptide chain” Is a polymer of amino acid residues joined by
peptide bonds, whether produced naturally or synthetically. Polypeptides of less than about 10
amino acid residues are commonly referred to as "peptides.”

[0013] A "protein” Is a macromolecule comprising one or more polypeptide chains. A protein
may also comprise non-peptidic components, such as carbohydrate groups. Carbohydrates
and other non-peptidic substituents may be added to a protein by the cell in which the protein
IS produced, and will vary with the type of cell. Proteins are defined herein in terms of their
amino acid backbone structures; substituents such as carbohydrate groups are generally not
specified, but may be present nonetheless.

[0014] The terms "amino-terminal” and "carboxyl-terminal” are used herein to denote positions
within polypeptides. Where the context allows, these terms are used with reference to a
particular sequence or portion of a polypeptide to denote proximity or relative position. For
example, a certain sequence positioned carboxyl-terminal to a reference sequence within a
polypeptide Is located proximal to the carboxyl terminus of the reference sequence, but i1s not
necessarily at the carboxyl terminus of the complete polypeptide.

[0015] The term "antibody" i1s used herein to denote iImmunoglobulin proteins produced by the
body In response to the presence of an antigen and that bind to the antigen, as well as
antigen-binding fragments and engineered variants thereof. Hence, the term "antibody”
Includes, for example, intact monoclonal antibodies comprising full-length iImmunoglobulin
heavy and light chains (e.g., antibodies produced using hybridoma technology) and antigen-
binding antibody fragments, such as F(ab'), and Fab fragments. Genetically engineered intact

antibodies and fragments, such as chimeric antibodies, humanized antibodies, single-chain Fv
fragments, single-chain antibodies, diabodies, minibodies, linear antibodies, multivalent or
multispecific (e.g., bispecific) hybrid antibodies, and the like are also included. Thus, the term
"antibody” Is used expansively to include any protein that comprises an antigen-binding site of
an antibody and is capable of specifically binding to its antigen.

[0016] An "antigen-binding site of an antibody" is that portion of an antibody that is sufficient to
bind to its antigen. The minimum such region Is typically a variable domain or a genetically
engineered variant thereof. Single-domain binding sites can be generated from camelid
antibodies (see Muyldermans and Lauwereys, J. Mol. Recog. 12:131-140, 1999; Nguyen et al.,
EMBO J. 19:921-930, 2000) or from VH domains of other species to produce single-domain
antibodies ("dAbs"; see Ward et al., Nature 341:544-546, 1989; US Patent No. 6,248,516 to
Winter et al.). In certain variations, an antigen-binding site is a polypeptide region having only 2
complementarity determining regions (CDRs) of a naturally or non-naturally (e.g.,
mutagenized) occurring heavy chain variable domain or light chain variable domain, or
combination thereof (see, e.g., Pessi et al.,, Nature 362:36/7-369, 1993; Qiu et al., Nature
Biotechnol. 25:921-929, 2007). More commonly, an antigen-binding site of an antibody
comprises both a heavy chain variable (VH) domain and a light chain variable (VL) domain that
bind to a common epitope. Within the context of the present invention, an antibody may include
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one or more components in addition to an antigen-binding site, such as, for example, a second
antigen-binding site of an antibody (which may bind to the same or a different epitope or to the
same or a different antigen), a peptide linker, an immunoglobulin constant region, an
iImmunoglobulin hinge, an amphipathic helix (see Pack and Pluckthun, Biochem. 31:1579-
1584, 1992), a non-peptide linker, an oligonucleotide (see Chaudri et al., FEBS Letters 450:23-
26, 1999), a cytostatic or cytotoxic drug, and the like, and may be a monomeric or multimeric
protein. Examples of molecules comprising an antigen-binding site of an antibody are known In
the art and Include, for example, Fv, single-chain Fv (scFv), Fab, Fab', F(ab'),, F(ab)e,

diabodies, dAbs, minibodies, nanobodies, Fab-scFv fusions, bispecific (scFv)s-IgG, and
bispecific (scFv)>-Fab. (See, e.g., Hu et al., Cancer Res. 56:3055-3061, 1996; Atwell et al.,

Molecular Immunology 33:1301-1312, 1996; Carter and Merchant, Curr. Opin. Biotechnol.
8:449-454 1997; Zuo et al., Protein Engineering 13:361-367, 2000; and Lu et al., J. Immunol.
Methods 267:213-226, 2002.)

[0017] As used herein, the term "Immunoglobulin” refers to a protein consisting of one or more
polypeptides substantially encoded by immunoglobulin gene(s). One form of immunoglobulin
constitutes the basic structural unit of native (i.e., natural) antibodies in vertebrates. This form
IS a tetramer and consists of two identical pairs of immunoglobulin chains, each pair having
one light chain and one heavy chain. In each pair, the light and heavy chain variable regions
(VL and VH) are together primarily responsible for binding to an antigen, and the constant
regions are primarily responsible for the antibody effector functions. Five classes of
immunoglobulin protein (IgG, IgA, IgM, IgD, and IgE) have been identifled In higher
vertebrates. 1gG comprises the major class; it normally exists as the second most abundant
protein found In plasma. In humans, 1gG consists of four subclasses, designated IgG1, IgG2,
1gG3, and IgG4. The heavy chain constant regions of the |IgG class are identified with the
Greek symbol y. For example, immmunoglobulins of the IgG1 subclass contain a y1 heavy chain
constant region. Each immunoglobulin heavy chain possesses a constant region that consists
of constant region protein domains (CH1, hinge, CH2, and CH3; 1gG3 also contains a CH4
domain) that are essentially invariant for a given subclass In a species. DNA sequences
encoding human and non-human immunoglobulin chains are known In the art. (See, e.qg.,
Ellison et al., DNA 1:11-18, 1981; Ellison et al., Nucleic Acids Res. 10:4071-40/9, 1982; Kenten
et al., Proc. Natl. Acad. Sci. USA 79:6661-6665, 1982; Seno et al., Nuc. Acids Res. 11:7/19-726
1983; Riechmann et al., Nature 332:323-327, 1988; Amster et al., Nuc. Acids Res. 8:2055-
2065, 1980; Rusconi and Kohler, Nature 314:330-334, 1985; Boss et al., Nuc. Acids Res.
12:3791-3806, 1984: Bothwell et al., Nature 298:380-382, 1982;: van der Loo et al,
Immunogenetics 42:333-341, 1995; Karlin et al., J. Mol. Evol. 22:195-208, 1985; Kindsvogel et
al., DNA 1:335-343, 1982: Breiner et al., Gene 18:165-174, 1982; Kondo et al., Eur. J.
Immunol. 23:245-249, 1993; and GenBank Accession No. J00228.) For a review of
iImmunoglobulin structure and function, see Putnam, The Plasma Proteins, Vol V, Academic
Press, Inc., 49-140, 1987; and Padlan, Mol. Immunol. 31:169-217, 1994. The term
"Immunoglobulin” 1s used herein for its common meaning, denoting an intact antibody, its
component chains, or fragments of chains, depending on the context.

[0018] Full-length immunoglobulin "light chains” (about 25 Kd or 214 amino acids) are
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encoded by a variable region gene at the amino-terminus (encoding about 110 amino acids)
and a by a kappa or lambda constant region gene at the carboxyl-terminus. Full-length
iImmunoglobulin "heavy chains” (about 50 Kd or 446 amino acids) are encoded by a variable
region gene (encoding about 116 amino acids) and a gamma, mu, alpha, delta, or epsilon
constant region gene (encoding about 330 amino acids), the latter defining the antibody's
Isotype as IgG, IgM, IgA, IgD, or IgE, respectively. Within light and heavy chains, the variable
and constant regions are joined by a "J" region of about 12 or more amino acids, with the
heavy chain also Including a "D" region of about 10 more amino acids. (See generally
Fundamental Immunology (Paul, ed., Raven Press, N.Y., 2nd ed. 1989), Ch. 7).

[0019] An immunoglobulin light or heavy chain variable region (also referred to herein as a
"light chain variable domain” ("VL domain”) or "heavy chain variable domain” ("VH domain"),
respectively) consists of a "framework” region interrupted by three hypervariable regions, also
called "complementarity determining regions” or "CDRs." The framework regions serve to align
the CDRs for specific binding to an epitope of an antigen. Thus, the term “hypervariable
region” or "CDR" refers to the amino acid residues of an antibody that are primarily responsible
for antigen binding. From amino-terminus to carboxyl-terminus, both VL and VH domains
comprise the following framework (FR) and CDR regions: FR1, CDR1, FR2, CDR2, FRS,
CDR3, FR4. The assignment of amino acids to each domain Is In accordance with the
definitions of Kabat, Sequences of Proteins of Immunological Interest (National Institutes of
Health, Bethesda, MD, 1987 and 1991), or Chothia & Lesk, J. Mol. Biol. 196:901-917, 1987;
Chothia et al., Nature 342:8/8-883, 1989. Kabat also provides a widely used numbering
convention (Kabat numbering) in which corresponding residues between different heavy chains
or between different light chains are assigned the same number. CDRs 1, 2, and 3 of a VL
domain are also referred to herein, respectively, as CDR-L1, CDR-L2, and CDR-L3; CDRs 1, 2,
and 3 of a VH domain are also referred to herein, respectively, as CDR-H1, CDR-H2, and
CDR-H3.

[0020] Unless the context dictates otherwise, the term "monoclonal antibody” as used herein is
not limited to antibodies produced through hybridoma technology. The term "monoclonal
antibody” refers to an antibody that i1s derived from a single clone, including any eukaryotic,
prokaryotic, or phage clone, and not the method by which it is produced.

[0021] The term "chimeric antibody” refers to an antibody having variable domains derived
from a first species and constant regions derived from a second species. Chimeric
Immunoglobulins or antibodies can be constructed, for example by genetic engineering, from
Immunoglobulin gene segments belonging to different species. The term "humanized
antibody,” as defined infra, i1s not intended to encompass chimeric antibodies. Although
humanized antibodies are chimeric in their construction (i.e., comprise regions from more than
one species of protein), they include additional features (i.e., variable regions comprising donor
CDR residues and acceptor framework residues) not found in chimeric immunoglobulins or
antibodies, as defined herein.

[0022] The term "humanized VH domain” or "humanized VL domain” refers to an
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iImmunoglobulin VH or VL domain comprising some or all CDRs entirely or substantially from a
non-human donor immunoglobulin (e.g., a mouse or rat) and variable region framework
sequences entirely or substantially from human immunoglobulin sequences. The non-human
iImmunoglobulin providing the CDRs i1s called the "donor® and the human immunoglobulin
providing the framework I1s called the "acceptor.” In some Instances, humanized antibodies
may retain non-human residues within the human variable domain framework regions to
enhance proper binding characteristics (e.g., mutations in the frameworks may be required to
preserve binding affinity when an antibody is humanized).

[0023] A "humanized antibody” I1s an antibody comprising one or both of a humanized VH
domain and a humanized VL domain. Immunoglobulin constant region(s) need not be present,
but If they are, they are entirely or substantially from human immunoglobulin constant regions.

[0024] Specific binding of an antibody to its target antigen means an affinity of at least 10°,

107, 10%, 109 or 1079 M-1. Specific binding is detectably higher in magnitude and
distinguishable from non-specific binding occurring to at least one unrelated target. Specific
binding can be the result of formation of bonds between particular functional groups or
particular spatial fit (e.g., lock and key type) whereas nonspecific binding 1s usually the result of
van der Waals forces. Specific binding does not, however, necessarily imply that a monoclonal
antibody binds one and only one target.

[0025] With regard to proteins as described herein, reference to amino acid residues
corresponding to those specified by SEQ ID NO Includes post-translational modifications of
such residues.

[0026] The term "diluent” as used herein refers to a solution suitable for altering or achieving
an exemplary or appropriate concentration or concentrations as described herein.

[0027] The term "container” refers to something into which an object or liquid can be placed or
contained, e.g., for storage (for example, a holder, receptacle, vessel, or the like).

[0028] The term "administration route” Includes art-recognized administration routes for
delivering a therapeutic protein such as, for example, parenterally, intravenously,
Intramuscularly, or subcutaneously. For administration of an antibody for the treatment of
cancer, administration into the systemic circulation by Intravenous or subcutaneous
administration may be desired. For treatment of a cancer characterized by a solid tumor,
administration can also be localized directly into the tumor, If so desired.

[0029] The term "treatment” refers to the administration of a therapeutic agent to a patient,
who has a disease with the purpose to cure, heal, alleviate, delay, relieve, alter, remedy,
ameliorate, improve or affect the disease.

[0030] The term "patient” includes human and other mammalian subjects that receive either
prophylactic or therapeutic treatment.
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[0031] The term "effective amount,” "effective dose,"” or "effective dosage” refers to an amount
that 1s sufficient to achieve or at least partially achieve the desired effect, e.g., sufficient to
Inhibit the occurrence or ameliorate one or more symptoms of a disease or disorder. An
effective amount of a pharmaceutical composition is administered in an "effective regime.” The
term ‘“effective regime” refers to a combination of amount of the composition being
administered and dosage frequency adequate to accomplish prophylactic or therapeutic
treatment of the disease or disorder.

[0032] As used herein, the term "about” denotes an approximate range of plus or minus 10%
from a specified value. For instance, the language "about 20 ug/Kg" encompasses a range of
18-22 ug/Kg. As used herein, about also includes the exact amount. Hence "about 20 ug/Kg"
means "about 20 ug/Kg" and also "20 ug/Kg."

BRIEF DESCRIPTION OF THE DRAWINGS

[0033]

Figure 1 provides the binding of SEA-CD40 (solid line) and dacetuzumab (dashed line) for the
human CD40 protein present on the surface of PBMCs.

Figures 2A and 2B provides the binding affinities of SEA-CD40 (open and closed squares) and
dacetuzumab (open and closed circles) for the human Fcyllla receptor variants. Figure 2A
provides a graphical representation and Figure 2B provides Kp values. SEA-CD40 values are

shown In the left column; decetuzumab values are shown In the right column.

Figure 3 provides a dose relationship and time course of B-cell depletion from human
peripheral blood mononuclear cells (PBMCs) as a result of treament with SEA-CDA40.

Figures 4A and 4B demonstrate representative cytokine production by human whole blood
after twenty-four hours of treatment with SEA-CD40 or an isotype control (SEA-h0O0).
Antibodies were adminstered in units of ug/ml. Figure 4A shows production of tumor necrosis
factor-a and Figure 4B shows production of MIP-1.

Figures 5A and 5B demonstrate representative cytokine production by human PBMCs after
twenty-four hours of treatment with SEA-CD40 or an isotype control (SEA-h00). Antibodies
were adminstered in units of ug/ml. Figure 5A shows production of tumor necrosis factor-a
(TNF-a) and Figure 5B shows production of MIP-1p.

Figure 6 provides a time course of B-cell depletion from human PBMCs as a result of treament
with SEA-CD40 (closed squares); dacetuzumab (grey circles); or SEA-CD40 F(ab'), (grey

squares).

Figure 7 provides interferon-y (IFNy) production by PBMCs as a result of treament with SEA-
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CDA40 (closed squares); dacetuzumab (grey circles); or SEA-CD40 F(ab'), (grey squares).

Figure 8 demonstrates induction of HLA-DR/DQ/DP as a marker for antigen presenting cell
maturation by PBMCs as a result of treament with SEA-CD40 (closed squares); dacetuzumab
(grey circles), or SEA-CD40 F(ab'), (grey squares).

Figure 9 provides concentration vs. normalized response curves for immune activation
markers in PBMCs treated with varying concentration of SEA-CD40.

Figures 10A and 10B compare the immune response to the M1 flu peptide by PBMCs
Incubated with SEA-CD40 or dacetuzumab. Figure 10A shows levels percentages of antigen
specific T-cells; Figure 10B shows levels of IFN-y production.

Figure 11 demonstrates enhancement of the immune response to the M1 flu peptide by
PBMCs incubated with a combination of SEA-CD40 and either an anti-CTLA-4 antibody or an
anti-PD-1 antibody. IFNy levels are shown in Figure 11.

Figure 12 demonstrates enhancement of the immune response to the M1 flu peptide by
PBMCs incubated with a combination of SEA-CD40 and either an anti-CTLA-4 antibody or an
anti-PD-1 antibody. Levels of antigen specific T cells are shown In Figure 12.

Figure 13 provides the immune response (IFNy production) of PBMCs from donors with cancer
to common tumor antigen peptides (MAGEA1T/MAGES3/NY-ESO). PBMC's were incubated in the
presence or absence of increasing concentrations of SEA-CD40 or SGN-40 for 5 days.

Figure 14 provides the immune response (IFNy production) of PBMCs from donors with cancer
to common tumor antigen peptides (MAGEA1T/MAGES3/NY-ESO). PBMC's were incubated in the
presence or absence of Increasing concentrations of SEA-CD40 and/or a constant
concentration of an anti-CTLA4 or anti-PDI blocking antibodly:.

Figures 15A and 15B demonstrate the binding of fucosylated and non-fucosylated anti-mouse
CD40 antibodies to murine Fcy receptors. Fcy receptor were either FcyRI (Figure 15A) or
FcyRIV (Figure 15B).

Figure 16 demonstrates in vivo activity of fucosylated and non-fucosylated anti-CD40 antibody
surrogates in the mouse B16 melanoma model.

Figure 1/ demonstrates B-cell activation activity of SEA-CD40, antibody 21.4.1, and CDA40
hexameric ligand. Experiments were performed using purified B-cell cultures.

Figure 18 demonstrates B-cell activation activity of SEA-CD40, antibody 21.4.1, and CDA40
hexameric ligand. Experiments were performed using PBMC cultures.

Figure 19 demonstrates monocyte/macrophage activation activity of SEA-CD40, antibody
21.4.1, dacetuzumab and an SEA-isotype control.

Figure 20 demonstrates induction of interferon-y (IFN-y) levels by SEA-CD40, antibody 21.4.1,
dacetuzumab or an SEA-isotype control.
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Figure 21 demonstrates induction of of interleukin 10 (IL10) levels by SEA-CD40, antibody
21.4.1, dacetuzumab or an SEA-1sotype control.

Figure 22 demonstrates induction of interferon-y (IFN-y) levels by SEA-CD40, antibody 21.4.1,
or dacetuzumab. Incubation was done In the presence of flu peptide.

Figure 23 demonstrates induction a flu-antigen specific T-cell response by SEA-CDA40,
antibody 21.4.1, or dacetuzumab.

Figure 24 demonstrates changes in IL10 levels following incubation of PBMCs with flu peptide
and SEA-CDA40, antibody 21.4.1, or dacetuzumab.

DETAILED DESCRIPTION

[0034] This disclosure provides description of the activity of a non-fucosylated anti-CD40
antibody, SEA-CD40. SEA-CD40 1s an agonistic antibody and has enhanced binding to Fcy
receptors lll and, surprisingly exhibits enhanced activation of the CD40 signaling pathway.
Because of its enhanced activation of the CD40 pathway SEA-CDA40 is a potent activator of the
Immune system and can be used to treat cancer or to treat infectious diseases, particularly
chronic viral diseases, such as hepatitis C, human immunodeficiency virus, Epstein-Barr virus,
cytomegalovirus, John Cunningham virus, and human papilloma virus. Other Infectious
diseases, Include, e.g., tuberculosis. The enhanced activation of the immune system allows
SEA-CDA40 to be dosed at low levels, as compared to a fucosylated parent antibody.

CD40 description and function.

[0035] CD40 1s a member of the tumor necrosis factor (TNF) receptor superfamily. It is a single
chain type | transmembrane protein with an apparent MW of 50 kDa. Ilts mature polypeptide
core consists of 237 amino acids, of which 173 amino acids comprise an extracellular domain
(ECD) organized into 4 cysteine-rich repeats that are characteristic of TNF receptor family
members. Two potential N-linked glycosylation sites are present in the membrane proximal
region of the ECD, while potential O-linked glycosylation sites are absent. A 22 amino acid
transmembrane domain connects the ECD with the 42 amino acid cytoplasmic tail of CD40.
Sequence motifs involved In CD40-mediated signal transduction have been identified in the
CD40 cytoplasmic tail. These motifs interact with cytoplasmic factors called TNF-R-associated
factors (TRAFs) to trigger multiple downstream events including activation of MAP kinases and
NFkB, which In turn modulate the transcriptional activities of a variety of Iinflammation-,
survival-, and growth-related genes. See, e.g., van Kooten and Banchereau, J. Leukoc. Biol.
67:2-17 (2000); Elgueta et al., Immunol. Rev. 229:152-172 (2009).
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[0036] Within the hematopoiletic system, CD40 can be found on B cells at multiple stages of
differentiation, monocytes, macrophages, platelets, follicular dendritic cells, dendritic cells (DC),
eosinophils, and activated T cells. In normal non-hematopoietic tissues, CD40 has been
detected on renal epithelial cells, keratinocytes, fibroblasts of synovial membrane and dermal
origins, and activated endothelium. A soluble version of CD40 is released from CD40-
expressing cells, possibly through differential splicing of the primary transcript or limited
proteolysis by the metalloproteinase TNFa converting enzyme. Shed CD40 can potentially
modify immune responses by interfering with the CD40/CD40L interaction. See, e.g., van
Kooten and Banchereau, J. Leukoc. Biol. 67:2-17 (2000); Elgueta et al., Immunol. Rev.
229:152-172 (2009).

[0037] The endogenous ligand for CD40 (CD40L) 1s a type || membrane glycoprotein of 39
kDa also known as CD154. CD40L i1s a member of the TNF superfamily and is expressed as a
trimer on the cell surface. CD40L is transiently expressed on activated CD4+, CD38+, and yO T
cells. CD40L 1s also detected at variable levels on purifled monocytes, activated B cells,
epithelial and vascular endothelial cells, smooth muscle cells, and DCs, but the functional
relevance of CD40L expression on these cell types has not been clearly defined (van Kooten
2000; Elgueta 2009). However, expression of CD40L on activated platelets has been
Implicated in the pathogenesis of thrombotic diseases. See, e.g., Ferroni et al., Curr. Med.
Chem. 14:2170-2180 (2007).

[0038] The best-characterized function of the CD40/CD40L interaction is its role in contact-
dependent reciprocal interaction between antigen-presenting cells and T cells. See, e.g., van
Kooten and Banchereau, J. Leukoc. Biol. 67:2-17 (2000); Elgueta et al., Immunol. Rev.
229:152-172 (2009). Binding of CD40L on activated T cells to CD40 on antigen-activated B
cells not only drives rapid B cell expansion, but also provides an essential signal for B cells to
differentiate into either memory B cells or plasma cells. CD40 signaling is responsible for the
formation of germinal centers in which B cells undergo affinity maturation and isotype switching
to acquire the ability to produce high affinity antibodies of the 1gG, IgA, and IgE isotypes. See,
e.q., Kehry, J. Immunol. 156:2345-2348 (1996). Thus, individuals with mutations in the CD40L
locus that prevent functional CD40/CD40L Interaction suffer from the primary
Immunodeficiency X-linked hyper-IgM syndrome that is characterized by over-representation of
circulating IgM and the inability to produce IgG, IgA, and IgE. These patients demonstrate
suppressed secondary humoral immune responses, Increased susceptibility to recurrent
pyrogenic infections, and a higher frequency of carcinomas and lymphomas. Gene knockout
experiments In mice to inactivate either CD40 or CD40L locus reproduce the major defects
seen In X-linked hyper-IgM patients. These KO mice also show impaired antigen-specific T cell
priming, suggesting that the CD40L/CD40 interaction is also a critical factor for mounting cell-
mediated Immune responses. See, e.qg., Elgueta et al., Immunol. Rev. 229:152-172 (2009).

[0039] The immune-stimulatory effects of CD40 ligation by CD40L or anti-CD40 In vivo have
correlated with iImmune responses against syngeneic tumors. See, e.q., French et al., Nat.
Med. 5:548-553 (1999). A deficient iImmune response against tumor cells may result from a
combination of factors such as expression of immune checkpoint molecules, such as PD-1 or
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CTLA-4, decreased expression of MHC antigens, poor expression of tumor-associated
antigens, appropriate adhesion, or co-stimulatory molecules, and the production of
Immunosuppressive proteins like TGFB by the tumor cells. CD40 ligation on antigen presenting
and transformed cells results in up-regulation of adhesion proteins (e.g., CD54), co-stimulatory
molecules (e.g., CD86) and MHC antigens, as well as inflammatory cytokine secretion, thereby
potentially inducing and/or enhancing the antitumor immune response, as well as the
Immunogenicity of the tumor cells. See, e.qg., Gajewski et al., Nat. Immunol. 14:1014-1022
(2013).

[0040] A primary consequence of CD40 cross-linking 1s DC activation (often termed licensing)
and potentiation of myeloid and B cells ability to process and present tumor-associated
antigens to T cells. Besides having a direct ablility to activate the innate iImmune response, a
unique consequence of CD40 signaling i1s APC presentation of tumor-derived antigens to CD8+
cytotoxic T cell (CTL) precursors in a process known as 'cross-priming’. This CD40-dependent
activation and differentiation of CTL precursors by mature DCs into tumor-specific effectors

CTLs may enhance cell-mediated immune responses against tumor cells. See, e.q., Kurts et
al., Nat. Rev. Immunol. 10:403-414 (2010).

[0041] Agonistic CD40 mAbs Including dacetuzumab, the SEA-CD40 parent molecule, have
shown encouraging clinical activity in single-agent and combination chemotherapy settings.
Dacetuzumab demonstrated some clinical activity in a phase 1 study in NHL and a phase 2
study In diffuse large B-cell lymphoma (DLBCL). See, e.qg., Advani et al., J. Clin. Oncol.
27:4371-4377 (2009) and De Vos et al., J. Hematol. Oncol. 7:1-9 (2014). Additionally CP-
870,893, a humanized IgG2 agonist antibody to CD40, showed encouraging activity in solid
tumor Indications when combined with paclitaxel or carboplatin or gemcitabine. In these
studies, activation of antigen presenting cells, cytokine production, and generation of antigen-
specific T cells were seen. See, e.qg., Beatty et al., Clin. Cancer Res. 19:6286-6295 (2013) and
Vonderheide et al., Oncoimmunology 2:€23033 (2013).

Anti-CD40 antibodies

[0042] Because of its role in immune function, antibodies have been raised against the CD40
antigen. Such antibodies can be classified into three groups, antagonistic antibodies, which
Inhibit CD40 activity; partially agonistic antibodies, which partially induce CD40 activity; and fully
agonistic antibodies, which fully stimulate CD40 activity. Members of each of the groups have
been tested In clinical trials; none have been approved to date.

SEA-CD40

[0043] This disclosure provides a non-fucosylated hS2C6 antibody, SEA-CD40. S2C6 was
originally isolated as a murine monoclonal antibody raised against a human bladder carcinoma
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referred to herein as mS2C6. See, e.q., Paulie et al.,, Cancer Immunol. Immunother. 17:165-
179 (1984). The S2C6 antibody 1s a partial agonist of the CD40 signaling pathway and thus
has the following activities: binding to human CD40 protein, binding to cynomolgus CD40
protein, activation of the CD40 signaling pathway, potentiation of the interaction of CD40 with
its ligand, CD40L. See, e.g., US Patent No. 6,946,129.

[0044] As a next step In development, S2C6 was humanized and this humanized antibody iIs

referred to as humanized S2C6, herein, and alternatively as dacetuzumab, or fucosylated,
humanized S2C6 (fhS2C6), or SGN-40. See, e.g., WO 2006/128103. SGN-40 was tested In

human clinical trials and was found not to be sufficiently active to warrant further development.

[0045] SEA-CDA40 is a non-fucosylated humanized S2C6 antibody. The amino acid sequences
of the heavy and light chain for SEA-CD40 are disclosed as SEQ ID NO:1 and 2, respectively.
The variable region of the heavy chain is from amino acids 1-113 of SEQ ID NO:1; the variable
region of the light chain is from amino acids 1-113 of SEQ |ID NO:2. The generation of the
antibody backbone of SEA-CD40 is disclosed at WO 2006/128103.

[0046] This disclosure provides a non-fucosylated, humanized S2C6 antibody, referred to
herein as nf hS2C6 or SEA-CDA40. In addition to enhanced binding to Fc receptors, SEA-CD40
also enhances activity of the CD40 pathway, as compared to the parent antibody,
dacetuzumab. The SEA-CD40 antibody thus, i1s administered to patients at at lower doses and
using different schedules of administration.

Non-fucosylated antibodies

[0047] SEA-CD40 1s a non-fucosylated antibody and exhibits enhanced binding to Fcylll
receptors, and surprsingly enhanced ability to activate the CD40 signaling pathway in immune
cells.

Methods of making non-fucosylated antibodies

[0048] This disclosure provides compositions and methods for preparing humanized S2C6
antibodies with reduced core fucosylation. As used herein, "core fucosylation” refers to addition
of fucose ("fucosylation™) to N-acetylglucosamine ("GIcNAc") at the reducing terminal of an N-
linked glycan.

[0049] Fucosylation of complex N-glycoside-linked sugar chains bound to the Fc region (or
domain) of the SEA-CD40 antibody backbone is reduced. As used herein, a "complex N-
glycoside-linked sugar chain” is typically bound to asparagine 297 (according to the EU index
as set forth in Kabat, "Sequences of Immunological Interest, 5th Ed., Pub. No. 91-3242, U.S.
Dept. Healtth & Human Services, NIH, Bethesda, MD, 1991). As used herein, the complex N-
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glycoside-linked sugar chain has a biantennary composite sugar chain, mainly having the
following structure:

+/-Fuco
+/-Galp1—> 4GIcNACB1 —>2Mana1 \ l
. y
+/- GIcNACB1 —» 4Manp1— 4GIcNACB1— 4GICNAC

3

+/-Gal1—» 4GICNACBT—» Z2Mano.1 /
where + Indicates the sugar molecule can be present or absent, and the numbers indicate the
position of linkages between the sugar molecules. In the above structure, the sugar chain
terminal which binds to asparagine is called a reducing terminal (at right), and the opposite
side Is called a non-reducing terminal. Fucose Is usually bound to N-acetylglucosamine
("GIcNAc") of the reducing terminal, typically by an a1,6 bond (the 6-position of GICNAC Is
linked to the 1-position of fucose). "Gal" refers to galactose, and "Man" refers to mannose.

[0050] A "complex N-glycoside-linked sugar chain” includes 1) a complex type, in which the
non-reducing terminal side of the core structure has one or more branches of galactose-N-
acetylglucosamine (also referred to as "gal-GIcNAc") and the non-reducing terminal side of
Gal-GlcNAc optionally has a sialic acid, bisecting N-acetylglucosamine or the like; or 2) a hybrid
type, In which the non-reducing terminal side of the core structure has both branches of a high
mannose N-glycoside-linked sugar chain and complex N-glycoside-linked sugar chain.

[0051] In some embodiments, the "complex N-glycoside-linked sugar chain” includes a
complex type in which the non-reducing terminal side of the core structure has zero, one or
more branches of galactose-N-acetylglucosamine (also referred to as "gal-GIcNAc") and the
non-reducing terminal side of Gal-GIcNAc optionally further has a structure such as a sialic
acid, bisecting N-acetylglucosamine or the like.

[0052] According to the present methods, typically only a minor amount of fucose Is
Incorporated into the complex N-glycoside-linked sugar chain(s) of the SEA-CD40 molecule.
For example, In various aspects, less than about 60%, less than about 50%, less than about
40%, less than about 30%, less than about 20%, less than about 15%, less than about 10%,
less than about 5%, or less than about 3% of the antibody has core fucos<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>