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(57) Abstract: The present invention relates to methods of using compounds that inhibit the enzymatic activity of soluble human CD39
to treat cancer, including but not limited to the treatment of cancers characterized by CD73 expressing cells.
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RESTORATION OF T CELL ACTIVITY VIA THE CD39/CD73 AXIS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims the benefit of U.S. Provisional Application Nos. US
62/568,812 filed 6 October 2017 and US 62/686,143 filed 18 June 2018; both of which are

incorporated herein by reference in their entireties; including any drawings.

REFERENCE TO SEQUENCE LISTING
The present application is being filed along with a Sequence Listing in electronic
format. The Sequence Listing is provided as a file entitled “CD39-7_ST25”, created 5
October 2018, which is 73 KB in size. The information in the electronic format of the

Sequence Listing is incorporated herein by reference in its entirety.

FIELD OF THE INVENTION
This invention relates generally to the use of CD39 neutralizing agents for the

treatment of cancer.

BACKGROUND OF THE INVENTION

NTPDase 1 (ectonucleoside triphosphate diphosphohydrolase1), also known as
CD39/ENTPD1 or vascular CD39, functions together with another enzyme, CD73 (ecto-5'-
nucleotidase), to hydrolyze extracellular adenosine triphosphate (ATP) and adenosine
diphosphate (ADP) to generate adenosine, which binds to adenosine receptors and inhibits
T-cell and natural killer (NK)-cell responses, thereby suppressing the immune system. The
generation of adenosine via the CD73/CD39 pathway is recognized as a major mechanism
of regulatory T cell (Treg) immunosuppressive function. CD39 has two transmembrane
domains near the N- and C-terminal ends, short cytoplasmic N- and C-terminal segments,
and a large extracellular domain containing the active site. However, while CD39 is typically
anchored to the membrane by the two transmembrane domains at the two ends of the
molecule, it has recently also been reported that a soluble catalytically active form of CD39
can be found in circulation in human and mice (Yegutkin et al., (2012) FASEB J. 26(9):
3875-3883).

CD73 (ecto-5-nucleotidase) is a 70-kDa glycosylphosphatidylinositol (GPI)-anchored
protein normally expressed on endothelial cells and subsets of hematopoietic cells. CD73
expression has been reported in a range of tumor cells, including, among others, leukemia,

bladder cancer, glioma, glioblastoma, ovarian cancer, melanoma, prostate cancer, thyroid
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cancer, esophageal cancer and breast cancer. CD73 expression has also been associated
with a prometastatic phenotype in melanoma and breast cancer.

Antibodies that specifically bind CD73 may provide an alternative to small molecules
with greater selectivity for CD73. However the antibodies tested have generally only shown
partial inhibition of the enzymatic activity of CD73. It has been shown that therapy with an
antibody that binds murine CD73 can inhibit breast tumor growth and metastasis in mice
(Stagg, et al. (2010) Proc. Natl. Acad. Sci. USA 104:1547-1552). Antibodies however
generally do not cross react with human and mouse CD73, complicating the study of the
antibodies and the biological functions of CD73. It has been shown that genetic deletion of
A2A receptors can induce T cell-dependent tumor rejection (Ohta, et al., (2006) Proc Natl
Acad Sci USA 103:13132-13137). Knock-down using siRNA or overexpression of CD73 on
tumor cells can modulate tumor growth and metastasis (Beavis et al (2013 Proc. Natl. Acad.
Sci. USA 110:14711-716; Stagg et al. (2010), supra; Jin et al. (2010) Cancer Res. 70: 2245-
55). CD73-/- mice are protected from transplanted and spontaneous tumors (Stagg et al.
(2010) Cancer Res. 71: 2892-2900). In humans, high CD73 expression can be a negative
prognostic for cancer (Loi et al (2013 Proc. Natl. Acad. Sci. USA 110: 11091-11096).
Antibodies that bind CD73 have been reported, for example clone AD2 (mouse IgG1
isotype), has been reported to functionally block CD73 by causing receptor clustering and
internalization but have minimal effect on enzymatic activity. Sachsenmeier et al. ((2012) J.
Biomed. Screening 17:993-998) and (Rust et al. (2013) Mol. Cancer 12:11) also reported an
antibody that induces intracellular internalization. More recently, antibodies that block both
soluble and cell surface CD73 have been disclosed W0O2016/055609 and W02016/131950,
as well as antibodies that inhibit cell surface CD73 by inducing intracellular internalization of
CD73 in cells (e.g. tumor cells) WO2017/064043; WO2016/075099 and W0O2016/081748.

CD73, together with CD39, regulates adenosine triphosphate (ATP) metabolism.
CD39 (NTPDase-1) converts ATP into AMP, with only trace amounts of ADP being released,
while CD73 catalyzes the conversion of AMP to adenosine. The number of CD39* Tregs is
increased in some human cancers, and the importance of CD39* Tregs in promoting tumor
growth and metastasis has been demonstrated using several in vivo models. However,
CD39 is also expressed by tumor cells and CD39* tumor cells can mediate
immunosuppression via the adenosine pathway. CD39 in cancer cells displays ATPase
activity and, together with CD73, generates adenosine. CD73*CD39" cancer cells inhibited
the proliferation of CD4 and CD8 T cells and the generation of cytotoxic effector CD8 T cells
(CTL) in a CD39- and adenosine-dependent manner. Antibodies that bind and inhibit CD39
are disclosed in WO2009/095478. Hayes et al. (2015) Am. J. Transl. Res. 7(6):1181-1188
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makes use of an anti-CD39 that is stated to also be blocking but the antibody also binds
FcyR and has effector function.

Hausler et al. (2014) Am J Transl Res. 6(2):129-139 report that antibodies against
CD39 and CD73 that mediate ADCC (through an ability to bind Fcy receptors each induce
NK cell mediated lysis of target cells, and that each of the antibodies also cause a partial
decrease the production of adenosine. However, when the anti-CD39 and CD73 antibodies
were tested together for decrease the production of adenosine, there was no additive effect
of the combination of antibodies.

CD39 expression on different cell types, including immune cells and tumor cells,
combined with use of antibodies that either do not actually block CD39 or are not pure
blockers, create a complex setting for evaluation of the underlying activity of antibodies.
Blocking enzymatic active sites using protein agents such as antibodies has generally known
to be difficult. There is therefore a need to understand whether and how antibodies can
inhibit the ATPase activity of CD39, and how to design improved molecules.

Thus, despite the interest in targeting CD39 and CD73, the most effective way to

reduce adenosine generation remains to be determined.

SUMMARY OF THE INVENTION

The present invention arises, inter alia, from the discovery that unlike known
neutralizing anti-CD39 antibodies which do not substantially reduce in immunosuppression
when used in combination with CD73 blockade, antibodies that neutralize soluble CD39
protein provide a dramatic reduction in immunosuppression when used in combination with
CD73 blockade.

By inhibiting the ATPase activity of soluble CD39, the anti-CD39 antibodies reduce
the pool of substrate available for CD73, which in turn strongly enhances efficacy of agents
that inhibit the enzymatic activity of CD73, possibly because agents that inhibit CD73 are
limited in their ability to fully inhibit CD73 activity. In contrast, antibodies that inhibit
membrane-bound CD39 but not soluble CD39 do not enhance the efficacy of agents that
inhibit the enzymatic activity of CD73.

Furthermore, at increasing concentrations, the antibodies that neutralize soluble
CD39 provide substantially complete inhibition of the catabolic activity of the CD39/CD73
axis. The effects of the antibodies that neutralize soluble CD39 are observed in the presence
of significant levels of ATP, for example as may be observed in the presence of exogenously
added ATP in assays systems (in vitro) or as may occur in tumors such as solid tumors or
generally tumors with high catabolic activity of the CD39/CD73 axis (e.g. tumors
characterized by CD73 polypeptide and/or CD73 polypeptide-expressing cells). The
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antibodies that neutralize soluble CD39 can therefore be used advantageously in tumors
characterized by CD73 polypeptide and/or CD73 polypeptide-expressing cells, or in
combination with agents that increase CD73 expression (e.g. chemotherapeutic agents,
anthracyclines) or that lead to generation of ATP (e.g. chemotherapeutic agents).

Additionally, by neutralizing the ATPase activity of soluble and membrane-bound
CD39, the antibodies permit the conservation of the available pool of ATP, which enhances
anti-tumor immunity (ATP is immunostimulatory). The anti-CD39 antibodies can therefore be
advantageously used in combination with therapeutic agents that induce the extracellular
release of ATP from tumor cells, notably agents or treatments that induce immunogenic
cancer cell death (e.g., chemotherapeutic agents, radiotherapy). The anti-CD39 antibodies
will not only prevent the released ATP from increasing the pool of CD73 substrate (and
ultimately adenosine), but will conserve the released ATP so as to promote its
immunostimulatory function.

Accordingly, in one aspect the present invention relates to a method of treating
cancer in a human individual, the treatment comprising administering to the patient an
effective amount of each of: (a) an antibody that is capable of binding a soluble extracellular
domain human CD39 (NTPDase1) protein and inhibiting the ATPase activity thereof,
wherein the antibody comprises a HCDR1 comprising an amino acid sequence DYNMH
(SEQ ID NO: 8); a HCDR2 comprising an amino acid sequence YIVPLNGGSTFNQKFKG
(SEQ ID NO: 9); a HCDR3 comprising an amino acid sequence GGTRFAY (SEQ ID NO:
10); a LCDR1 comprising an amino acid sequence RASESVDNFGVSFMY (SEQ ID NO: 11);
a LCDR2 region comprising an amino acid sequence GASNQGS (SEQ ID NO: 12); and a
LCDR3 region comprising an amino acid sequence QQTKEVPYT (SEQ ID NO: 13), and

(b) an antibody that neutralizes the 5-ectonucleotidase activity of human CD73,

wherein the cancer is a leukemia, a glioma or glioblastoma, or a cancer of the
bladder, breast, colon, esophagus, kidney, liver, lung, ovary, uterus, prostate, pancreas,
stomach, cervix, thyroid, head and neck or skin.

In another aspect the invention relates to the use of (a) an antibody that is capable of
binding a soluble extracellular domain human CD39 (NTPDase1) protein and inhibiting the
ATPase activity thereof, wherein the antibody comprises a HCDR1 comprising an amino
acid sequence DYNMH (SEQ ID NO: 8); a HCDR2 comprising an amino acid sequence
YIVPLNGGSTFNQKFKG (SEQ ID NO: 9); a HCDR3 comprising an amino acid sequence
GGTRFAY (SEQ ID NO: 10); a LCDR1 comprising an amino acid sequence
RASESVDNFGVSFMY (SEQ ID NO: 11); a LCDR2 region comprising an amino acid
sequence GASNQGS (SEQ ID NO: 12); and a LCDR3 region comprising an amino acid
sequence QQTKEVPYT (SEQ ID NO: 13), and (b) an antibody that neutralizes the 5-
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ectonucleotidase activity of human CD73, in the manufacture of a medicament for treating
cancer in a human individual, wherein the cancer is a leukemia, a glioma or glioblastoma, or
a cancer of the bladder, breast, colon, esophagus, kidney, liver, lung, ovary, uterus, prostate,
pancreas, stomach, cervix, thyroid, head and neck or skin.

Certain statements that appear below are broader than what appears in the
statements of the invention above. These statements are provided in the interests of
providing the reader with a better understanding of the invention and its practice. The reader
is directed to the accompanying claim set which defines the scope of the invention.

Disclosed herein are improved methods of enhancing an anti-tumor immune
response, via the use of antibodies that bind and neutralize soluble CD39, in combination
with an agent that inhibits CD73.

Also described herein are methods of enhancing an anti-tumor immune response, via
the use of antibodies that bind and neutralize soluble CD39 (with or without combined
treatment with an agent that inhibits CD73) for treatment of cancers characterized by the
presence of CD73 protein (e.g. tumors with soluble CD73 and/or CD73 expressing cells;
CD73-positive tumors).

Without wishing to be bound by theory, it is believed that antibodies that neutralize
membrane-bound CD39 at the cell surface function by inhibiting the domain motion of
membrane-bound CD39 (memCD39), however without similarly affecting the activity of the
soluble CD39 protein (sCD39). It has been reported that memCD39 occurs as homo-
multimers (e.g. tetramers and/or other multimers, in addition to monomeric forms) while
sCD39 is a monomer, and moreover that the transmembrane domains in memCD39
undergo dynamic motions that underlie a functional relationship with the active site (Schulte
am Esch et al. 1999 Biochem. 38(8):2248-58). Antibodies that block only memCD39 may
recognize CD39 outside of the enzyme active site and prevent multimerization without
blocking the monomeric form of CD39. Blockade of multimerization may reduce enzyme
activity, and it has been reported that CD39 multimerization substantially augments ATPase
activity. In contrast, antibodies that also block sCD39 may interfere with CD39 substrate and
inhibit monomeric form of the enzyme. Such antibodies may also prevent multimerization of
memCD39, thus providing a second mechanism of inhibition of the enzymatic activity of
CD39. In the presence of ATP (e.g. as in the tumor environment), partial inhibition of CD39
by prevention of multimerization without blockade of sCD39 may lead to sufficient residual
AMP to prevent any detectable additive effect on an agent that inhibits CD73 because
remaining AMP can lead to CD73-mediated adenosine production sufficient to mediate

immunosuppression.
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Consequently, antibodies that bind and inhibit the ATPase activity of soluble CD39
(e.g. monomeric sCD39) can be used advantageously to achieve greater neutralization of
CD39 activity in an individual by neutralizing both membrane-bound and soluble CD39
protein (an extracellular domain protein in solution), thereby reducing immunosuppression,
e.g., for the treatment of cancer and/or infectious disease.

Accordingly, in one aspect, provided is a treatment comprising administering to an
individual having a CD73-positive cancer an antibody that neutralizes the inhibitory activity of
sCD39. In one embodiment, provided is a method for treating or preventing a cancer or
infectious disease in an individual having a CD73-positive cancer, the method comprising
administering to the individual an agent that specifically binds and inhibits the ATPase
activity of a monomeric human CD39 protein (e.g. soluble CD39 and/or monomeric
memCD39). In one embodiment, the CD73-positive cancer is a cancer known to be
generally characterized by presence of soluble CD73 protein and/or CD73-expressing cells
in the tumor or tumor environment. In one embodiment, the CD73-positive cancer is
characterized by a tumor determined to comprise CD73-expressing cells. In one
embodiment, the CD73-positive cancer is characterized by tumor tissue comprising
malignant cells that express CD73. In one embodiment, the CD73-positive cancer is
characterized by tumor tissue or tumor-adjacent tissue characterized by infiltration of CD73-
expressing immune cells (e.g. non-malignant immune cells). In one embodiment, the CD73-
positive cancer is a leukemia, a glioma or glioblastoma, or a cancer of the bladder, breast,
colon, esophagus, kidney, liver, lung, ovary, uterus, prostate, pancreas, stomach, cervix,
thyroid, head and neck (head and neck squamous cell carcinoma, and skin (e.g. melanoma).
In one embodiment, the treatment further comprises administering to the individual an agent
that neutralizes the inhibitory activity of CD73 protein. Optionally, the individual having a
CD73-positive cancer is additionally treated with an agent that induces the extracellular
release of ATP from tumor cells, notably agents or treatments that induce immunogenic
cancer cell death (e.g., a chemotherapeutic agent, radiotherapy). Optionally, the individual
having a CD73-positive cancer is additionally treated with an agent that induces or increases
CD73 expression.

In another aspect, provided herein is use of an anti-CD39 antibody (e.g. having the
further characteristics described herein), for use in treating an individual having a cancer,
where the treatment comprises administration to the individual of the anti-CD39 antibody in
combination with a means for inhibiting the activity of CD73. In one embodiment, the
provided is an anti-CD39 antibody (e.g. having the further characteristics described herein),
for use in treating an individual having a cancer, where the treatment comprises

administration to the individual of the anti-CD39 antibody in combination with a
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pharmaceutical composition comprising (a) a means (e.g. an agent or treatment, a protein
agent, an antibody agent, a nucleic acid agent, or small molecule agent) for inhibiting the
activity of CD73 and (b) a pharmaceutically acceptable carrier.

In another aspect, provided herein is the use of antibodies that bind CD39 and inhibit
the enzymatic (ATPase activity) activity of soluble (extracellular domain) human CD39
protein, in combination with an agent that inhibits the activity of CD73. The antibodies that
bind soluble CD39 additionally potently inhibit the enzymatic (ATPase activity) activity of the
cell membrane bound CD39 enzyme (CD39 as expressed at the surface of cells). The
neutralization of both monomeric (e.g., soluble and membrane bound CD39) and multimeric
CD39 (e.g., membrane bound CD39) in combination with an agent that inhibits the activity of
CD73 can be particularly advantageous to treat CD73-positive cancers. In one embodiment,
the CD73-positive cancer is a cancer known to be generally characterized by presence of
soluble CD73 protein and/or CD73-expressing cells in the tumor or tumor environment. In
one embodiment, the CD73-positive cancer is characterized by a tumor determined to
comprise CD73-expressing cells. In one embodiment, the CD73-positive cancer is
characterized by tumor tissue comprising malignant cells that express CD73. In one
embodiment, the CD73-positive cancer is characterized by tumor tissue or tumor-adjacent
tissue characterized by infiltration of CD73-expressing immune cells (e.g. non-malignant
immune cells). In one embodiment, the CD73-positive cancer is a leukemia, a glioma or
glioblastoma, or a cancer of the bladder, breast, colon, esophagus, kidney, liver, lung, ovary,
uterus, prostate, pancreas, stomach, cervix, thyroid, head and neck (head and neck
squamous cell carcinoma, and skin (e.g. melanoma).

Neutralization of both monomeric (e.g., soluble and membrane bound CD39) and
multimeric CD39 (e.g., membrane bound CD39) can be particularly advantageous to
enhance the activity of CD73 inhibiting agents in treatment settings where such CD73
inhibiting agents are sub-optimally active, for example where CD73 inhibition is sought within
the tumor tissue (e.g. in CD73-positive tumors), where the CD73 inhibiting agent is not able
to be administered at a dose or regimen at which it saturates CD73 in tumor tissues and/or
at which it provides the ECso, EC70 or EC100 for CD73 inhibition in tumor tissues (e.g., in
CD73-positive tumors; at dosages that provide tumor concentrations of less than (or no more
than) 1, 5 or 10 yg/ml) for a sufficient period of time (e.g. 1, 2, 3, 4, 6 or 8 weeks, or more);
where the CD73 inhibiting agent is not fully inhibiting of CD73 activity (e.g. anti-CD73
antibodies that do not inhibit soluble CD73; anti-CD73 antibodies that rely on induction of
CD73 down-modulation/intracellular internalization to mediate inhibition of enzymatic
activity); or more generally in the treatment of cancers characterized by significant levels of

expression of CD73 by cells in the tumor or tumor-adjacent tissue (e.g., a glioma or
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glioblastoma, or a cancer of the bladder, breast, colon, esophagus, kidney, liver, lung, ovary,
uterus, prostate, pancreas, stomach, cervix, thyroid, head and neck (head and neck
squamous cell carcinoma, and skin (e.g. melanoma).

In one embodiment, provided is a method for treating or preventing a cancer or
infectious disease in an individual, the method comprising administering to an individual: (a)
an agent that binds and that inhibits the ATPase activity of a soluble CD39 protein (sCD39),
and (b) an agent that inhibits the activity of a human CD73 polypeptide.

In one embodiment, provided is a method for treating or preventing a cancer or
infectious disease in an individual, the method comprising administering to an individual: (a)
an agent that binds and inhibits the ATPase activity of a monomeric human CD39 protein
(e.g. soluble CD39 and/or monomeric memCD39), and (b) an agent that inhibits the activity
of a human CD73 polypeptide.

In one aspect of any embodiment herein, the compound that inhibits or neutralizes
the ATPase activity of a CD39 protein is or comprises an antibody or antibody fragment that
binds CD39 protein (e.g. a monospecific antibody, a bispecific or multispecific antibody).

In one aspect, provided is a treatment comprising administering to an individual a
combination of an antibody that neutralizes the inhibitory activity of sCD39, and an agent
that neutralizes the inhibitory activity of CD73.

In one aspect, provided is a treatment comprising administering an antibody that
neutralizes the inhibitory activity of sCD39 to an individual who is resistant to or who has a
poor prognosis for response to treatment with an agent that neutralizes the inhibitory activity
of CD73. In one embodiment, the individual has a CD73-positive cancer.

In one aspect, provided is a method for sensitizing an individual to treatment with an
agent that neutralizes the inhibitory activity of CD73, the method comprising administering to
the individual an antibody that neutralizes the inhibitory activity of sCD39.

In one aspect provided is a composition comprising an antibody that inhibits a human
sCD39 polypeptide and an agent, optionally an antibody, that inhibits a human CD73
polypeptide. In one aspect, the composition is for use in the treatment or prevention of a
cancer, optionally a solid tumor, optionally a haematological malignancy, optionally a
haematological malignancy characterized by malignant cells that express CD73, optionally a
leukemia, optionally a cancer characterized by malignant cells, optionally a cancer
characterized by malignant and/or non-malignant cells in the tumor or tumor adjacent tissue
that express CD73 polypeptides.

The antibodies will be useful in inhibiting catabolism of AMP (and upstream ATP and
ADP) to adenosine, e.g. decreasing the pool of available adenosine precursors at each step,

and ultimately decreasing the concentration of adenosine in the tumor microenvironment.
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These antibodies will therefore be useful in reversing the immunosuppressive effect of CD39
and/or CD73 and/or adenosine on T cells, B cells and other cells that express adenosine
receptors, for example in the treatment of cancer. In one embodiment, the antibodies
neutralize adenosine-mediated inhibition of proliferation, cytokine production, cytotoxicity
and/or NFkB activity in T cells. In one embodiment, the methods of the disclosure are useful
for increasing or enhancing anti-tumor immunity, for reducing immunosuppression, for
activating and/or potentiating the activity of a an immune effector cell, optionally a CD8+
tumor-infiltrating T cell or NK cell, in an individual, and/or for decreasing the amount and/or
concentration of adenosine in the tumor environment.

In one embodiment, provided is method of activating or potentiating the activity of a
an immune effector cell, optionally a CD8+ tumor-infiltrating T cell or NK cell, in an individual,
and/or a method of decreasing the amount and/or concentration of adenosine in the tumor
environment, the method comprising administering to an individual: (a) a therapeutically
active amount of a compound that binds and inhibits the enzymatic activity (ATPase activity)
of a human sCD39 polypeptide, and (b} a therapeutically active amount of a compound that
inhibits the enzymatic activity of a human CD73 polypeptide. In one embodiment, provided is
method of activating, potentiating the activity of, and/or increasing the proliferation of, a
tumor-infiltrating T or NK cell in an individual, the method comprising administering to an
individual: (a) a therapeutically active amount of a compound that binds and inhibits the
enzymatic activity (ATPase activity) of a human sCD39 polypeptide, and (b) a therapeutically
active amount of a compound that inhibits a human CD73 polypeptide.

In one aspect of any embodiment herein, the compound that inhibits a human CD73
polypeptide is an anti-CD73 antibody that inhibits the enzymatic activity of CD73. In another
embodiment, the anti-CD73 antibody inhibits the 5-ectonucleotidase activity of CD73 by
causing an increase and/or inducing intracellular internalization of, or more generally the
down-modulation of, cell surface-expressed CD73 and/or depends thereupon at least partly
for its ability to neutralize CD73. In one embodiment, the anti-CD73 antibody that inhibits the
enzymatic activity of CD73 is an antibody that is not capable of substantially neutralizing or
inhibiting the enzymatic activity of a soluble CD73, optionally when the antibody is provided
at higher (e.g. 10 fold) excess of antibody:enzyme. In one embodiment, the anti-CD73
antibody that inhibits the enzymatic activity of CD73 is an antibody that is capable of
neutralizing the enzymatic activity of a soluble CD73, optionally when the antibody is
capable of neutralizing the enzymatic activity of a soluble CD73 at higher (e.g. 10 fold)
excess of antibody:enzyme. In one embodiment, the compound that inhibits a human CD73
polypeptide is an organic molecule, optionally a small molecule organic compound,

optionally an organic compound having a molecular weight of no more than 3000 g/mol,
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optionally no more than 2000 g/mol, optionally no more than 1000 g/mol, optionally an
organic compound having a molecular weight between 100 g/mol and 300 g/mol, between
100 g/mol and 1000 g/mol, optionally at least 300 g/mol, 400 g/mol, 500 g/mol, 600 g/mol,
700 g/mol, 800 g/mol, 900 g/mol, 1000 g/mol or 2000 g/mol.

In one embodiment, provided is a method for treating or preventing a cancer in an
individual, the method comprising administering to an individual: a therapeutically active
amount of agent that is capable of: (i) binding and inhibiting the ATPase activity of a soluble
CD39 protein (sCD39), and (ii} binding and inhibiting the 5-ectonucleotidase activity of a
human CD73 polypeptide (e.g. in a cell expressing such CD73 polypeptide).

In one aspect of any embodiment herein, the sCD39 protein can be characterized as
lacking the two transmembrane domains (i.e. the transmembrane domains near the N- and
C-terminal ends) found in membrane bound CD39. In one embodiment, sCD39 is a non-
membrane bound sCD39 protein found in circulation, e.g., in @ human individual. In one
embodiment, sCD39 comprises or consists of the amino acid sequence of SEQ ID NO: 5
(optionally further comprising a C-terminal tag or another non-CD39-derived amino acid
sequence), for example a sCD39 protein as produced in the Examples herein. In one
embodiment, the protein, antibody or antibody fragment inhibits or neutralizes the ATPase
activity of sCD39 when incubated with sCD39 in solution, e.g., according to the methods
disclosed herein. In one embodiment, the protein, antibody or antibody fragment specifically
binds the human CD39 protein, both in soluble (extracellular domain protein) and in
membrane-bound form.

In one aspect of any embodiment herein, a cancer is a solid tumor. In one
embodiment, the cancer is a hematological malignancy. In one aspect of any embodiment
herein, a cancer is characterized by cells in the tumor or tumor-adjacent tissue (e.g.
malignant cells and/or non-malignant cells in the tumor environment) expressing detectable
CD73 protein.

In one aspect of any embodiment herein, the individual can be specified to be a
human.

In one embodiment, the anti-CD39 antibodies are administered to an individual
having a cancer in an amount and frequency sufficient to neutralize the activity of CD39
(sCD39 and/or memCD39) in the periphery and/or in the tumor microenvironment. In one
embodiment, the antibodies are administered in an amount and frequency sufficient to
decrease the generation and/or concentration of AMP and/or adenosine in the tumor
microenvironment. In one embodiment, the antibodies are administered in an amount and
frequency sufficient to neutralize the activity of CD39 expressed by tumor cells. In one

embodiment, the antibodies are administered in an amount and frequency sufficient to
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neutralize the activity of CD39 expressed by leukocytes or lymphocytes, e.g. CD4 T cells,
CD8 T cells, TReg cells and/or B cells.

In one embodiment, the agent that inhibits the activity of CD73 is administered to an
individual having a cancer in an amount and frequency sufficient to neutralize the activity of
CD73 (soluble CD73 protein and/or membrane bound CD73) in the periphery and/or in the
tumor microenvironment. In one embodiment, the antibodies are administered in an amount
and frequency sufficient to neutralize the activity of CD73 expressed by tumor cells or non-
tumor cells present in the tumor environment. In one embodiment, the antibodies are
administered in an amount and frequency sufficient to neutralize the activity of CD73
expressed by CD4 T cells, CD8 T cells and/or B cells.

In one embodiment, the anti-CD39 antibody and the agent that inhibits the activity of
CD73 are administered in an amount and frequency sufficient to decrease the generation
and/or concentration of adenosine in the tumor microenvironment. In one embodiment, the
antibodies are administered in an amount and frequency sufficient to increase the generation
and/or concentration of ATP in the tumor microenvironment.

In one embodiment, the anti-CD39 antibody and the agent that inhibits the activity of
CD73 is each administered for at least one administration cycle, the administration cycle
comprising at least a first and second (and optionally a 3, 4%, 5" 6% 7% and/or 8" or
further) administration of the anti-CD39 antibody and agent that inhibits the activity of CD73.

In one embodiment the cancer is an advanced and/or refractory solid tumor. In one
embodiment the cancer is an advanced and/or refractory solid tumor. In one non-limiting
embodiment, the cancer (e.g., the advanced refractory solid tumor) is selected from the
group consisting of non-small cell lung cancer (NSCLC), kidney cancer, pancreatic or
esophagus adenocarcinoma, breast cancer, renal cell carcinoma (RCC), melanoma,
colorectal cancer, and ovarian cancer (and optionally a further cancer type described
herein).

In certain optional aspects an anti-CD39 agent can be used to treat a cancer in an
individual having a cancer or tumor characterized by immunosuppression, optionally lack of
or insufficient immune infiltrate in tumors, optionally lack of or insufficient anti-tumor
immunity.

In certain optional aspects an anti-CD39 agent can be used to treat a cancer in an
individual having a poor disease prognosis, notably a poor prognosis for response to
treatment with an agent that neutralizes CD73. An individual having a poor disease
prognosis is, for example, at a higher risk of progression, based on one or more predictive
factors. In one embodiment, a predictive factor(s) comprises presence or absence of a

mutation in one or more genes. In one embodiment, the predictive factor(s) comprises
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level(s) of expression of one or more genes or proteins, or example inhibitory or activating
receptors on immune effector cells. In one embodiment, a predictive factor(s) comprises
presence (e.g., numbers) of cells in circulation or in the tumor environment expressing CD73
and/or CD39, and/or expression levels of CD73 and/or CD39 on cells in circulation or in the
tumor environment; in one embodiment, the cells are tumor cells; in one embodiment the
cells are leukocytes, e.g., B cells, regulatory T cells (Treg). Presence of elevated expression
of CD73 and/or CD39, and/or elevated numbers of CD73- and/or CD39 expressing cells can
indicate an individual has a poor prognosis for response to treatment with an antibody that
neutralizes CD73.

In certain optional aspects an anti-CD39 agent can be used to treat a cancer in an
individual who is a non-responder, or who has experienced a partial or an incomplete
response to treatment with an agent that neutralizes CD73, or whose disease has relapsed
or progressed following treatment with an antibody that neutralizes CD73.

In one embodiment, the anti-CD39 agent competes with the antibody having the
heavy and light chains of SEQ ID NOS: 52 and 53 respectively, in binding to an epitope or
determinant on CD39. The agent can be, e.g., a human or humanized anti-CD39 antibody.
In one embodiment, the anti-CD39 antibody comprises a heavy chain comprising an amino
acid sequence at least 60%, 70%, 75%, 80%, 85% or 90% identical to the heavy chain
amino acid sequence of SEQ ID NO: 52 and a light chain comprising an amino acid
sequence at least 60%, 70%, 75%, 80%, 85% or 90% identical the light chain amino acid
sequence of SEQ ID NO: 53 respectively.

In certain optional aspects, patients can be identified for treatment with CD39-
neutralizing agent and a CD73-neutralizing agent (e.g. any agent disclosed herein) by
assessing whether the patient is a poor responder (has a poor prognosis for response) for a
CD73-neutralizing agent. A poor responder can be treated with a combination of a CD39-
neutralizing agent and the CD73-neutralizing agent.

In certain optional aspects, patients can be identified for treatment with a CD39-
neutralizing agent (and optionally further a CD73-neutralizing agent) by assessing the
presence in circulation and/or in a tumor sample (e.g., tumor tissue and/or tumor adjacent
tissue) elevated levels of CD73 polypeptide expression and/or numbers of CD73-expressing
cells.

In certain optional aspects, patients can be identified for treatment with a CD39-
neutralizing agent and a CD73-neutralizing agent by assessing the presence in circulation
and/or in a tumor sample (e.g., tumor tissue and/or tumor adjacent tissue) elevated levels of

CD39 polypeptide expression and/or numbers of CD39-expressing cells.
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In other embodiments, pharmaceutical compositions and kits are provided, as well as
methods for using them. In one embodiment, provided is a pharmaceutical composition
comprising a compound that neutralizes the ATPase activity of a human CD39 polypeptide
and an agent that neutralizes the 5-ectonucleotidase activity of a CD73 polypeptide. In one
embodiment, provided is a kit comprising a compound that neutralizes the inhibitory activity
of a human CD39 polypeptide and an agent that neutralizes the 5’-ectonucleotidase activity
of a CD73 polypeptide.

These aspects are more fully described in, and additional aspects, features, and

advantages will be apparent from, the description of the invention provided herein.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows a representative screening result, showing antibodies 1-397, 1-398
and 1-399 compared to positive control 1-394 antibody.

Figure 2A shows that antibodies BY40, 1-394, 1-395 and 1-396 inhibit cell-membrane
bound CD39, with both 1-334 and I-395 showing greater potency at all concentrations as well
as greater maximal inhibition of cellular CD39 compared to BY40. Figure 2B shows that
antibodies 1-395 and 1-396 both inhibit soluble CD39 in comparison to negative control
(BY40) and positive control (1-394) antibodies.

Figure 3A shows the position of residues mutated in mutants 5 (M5), 15 (M15) and
19 (M19) on the surface of the CD39 protein. Figure 3B shows results of binding to mutants
5, 15 and 19 for different antibodies.

Figure 4 shows binding of antibody 1-394 to cells expressing human CD39, as
assessed by flow cytometry. I-394 binds cells expressing human CD39 (CHO-huCD39), cells
expressing cynomolgus CD39 (CHO-cyCD39) and to Ramos lymphoma cells, but not to cells
expressing murine CD39 (CHO-moCD39).

Figure 5 shows antibody [-394 is highly potent at blocking CD39 enzymatic activity in
tumor (Ramos) cells, in cells expressing human CD39 (CHO-huCD39), and in cells
expressing cynomolgus CD39 (CHO-cyCD39), as assessed by quantifying luminescence
units which are proportional to the amount of ATP present.

Figure 6 shows antibody 1-394 is highly potent at blocking the enzymatic activity of
soluble recombinant human CD39 protein, as assessed by quantifying luminescence units
which are proportional to the amount of ATP present.

Figure 7 shows antibody 1-394 binds to human CD39 but not to any of the human
isoforms CD39-L1, -L2, -L3 or —L4, as assessed in an ELISA assay.

Figure 8 shows the experimental procedure for assessing the effect of ATP-

mediated DC activation on CD4 T cells activation, ATP-activated DC were washed and then
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incubated with allogenic CD4 T cells (ratio 1 MoDC / 4 T cells) for a mixed lymphocytes
reaction (MLR) during 5 days. T cells activation and proliferation were analyzed through
CD25 expression and Cell Trace Violet dilution by flow cytometry.

Figure 9 shows HLA-DR expression on moDC and Figure 10 shows CD83
expression on moDC. These figures show that the anti-CD39 blocking antibody -394 and
chemical inhibitors of CD39 lead to moDC activation at each of 0.125 mM, 0.25 mM or
0.5mM. However, anti-CD39 antibody BY40 or anti-CD73 antibodies were not able to favor
ATP-induced activation of dendritic cell (DC), suggesting that antibodies are not able to
block enzymatic activity sufficiently to avoid ATP catabolism. The legends, top to bottom,
correspond to the bars in the graph, from left to right.

Figure 11 showing CD25 expression shows that MoDC activated in presence of
ATP were able to induce T cell activation and proliferation in a MLR assay; the enhancement
of ATP-mediated MoDC activation by anti-CD39 blocking antibody 1-394 resulted in higher T
cell proliferation and activation. The legends, top to bottom, correspond to the bars in the
graph, from left to right.

Figure 12A shows the dose range of anti-CD73 antibodies on CD4 T cell
proliferation, in the presence of added ATP, at 3 different doses of anti-sCD39 antibodies,
either 0.01 pg/ml, 0.1 pg/ml and 1 pg/ml. The anti-CD39 antibodies that are capable of
neutralizing soluble human CD39 show a strong potentiation of anti-CD73 antibodies in
restoring CD4 T cell proliferation. Figure 12B shows the dose range of anti-CD73 antibodies
on CD8 T cell proliferation, in the presence of added ATP, anti-sCD39 antibodies show a
strong potentiation of anti-CD73 antibodies in restoring CD8 T cell proliferation.

Figures 13A, 13B and 13C show a study correlating CD39 and CD73 gene
expression in human cancer samples with survival, taking account of disease stage and
time. Figure 13A shows results in ovarian cancer, notably low CD39 expression in cancer
samples is correlated with higher survival probability in ovarian cancer; also shown is
correlation of high expression CD73 with lower survival probability in ovarian cancer. Figure
13B shows results in esophageal cancer, notably low CD39 expression in cancer samples is
correlated with higher survival probability in esophageal cancer; also shown is correlation of
high expression CD73 with lower survival probability in esophageal cancer. Figure 13C
shows results in stomach adenocarcinoma, notably low CD39 expression in cancer samples
is correlated with higher survival probability in stomach cancer; also shown is correlation of

high expression CD73 with lower survival probability in stomach cancer.

DETAILED DESCRIPTION
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Definitions

As used in the specification, "a" or "an" may mean one or more. As used in the

claim(s), when used in conjunction with the word "comprising”, the words "a" or "an" may
mean one or more than one. As used herein "another" may mean at least a second or more.

Where "comprising" is used, this can optionally be replaced by "consisting essentially
of" or by "consisting of".

Human CD73, also known as ecto-5-nucleotidase and as 5-prime-ribonucleotide
phosphohydrolase, EC 3.1.3.5, encoded by the NT5E gene, exhibits 5’-nucleotidase, notably
AMP-, NAD-, and NMN-nucleosidase, activities. CD73 catalyzes the conversion at neutral
pH of purine 5-prime mononucleotides to nucleosides, the preferred substrate being AMP.
The enzyme consists of a dimer of 2 identical 70-kD subunits bound by a glycosyl
phosphatidyl inositol linkage to the external face of the plasma membrane The amino acid
sequence of Human CD73 preprotein (monomer), including a signal sequence at amino
acids 1-26, is shown in Genbank under accession number NP_002517, the entire disclosure

of which is incorporated herein by reference, and as follows:

MCPRAARAPA
VARLFTKVQQ
DNGVEGLIEP
TPFLSNPGTN
GGHSNTFLYT
ISSHGNPILL
GNLICDAMIN
FDLVQLKGST
VPSYDPLKMD
AVEGRIKFST

TLLLALGAVL
IRRAEPNVLL
LLKEAKFPIL
LVFEDEITAL
GNPPSKEVPA
NSSIPEDPSI
NNLRHTDEMF
LKKAFEHSVH
EVYKVILPNF
GSHCHGSFSL

(SEQ ID NO: 1).

WPAAGAWELT
LDAGDQYQGT
SANIKAKGPL
QPEVDKLKTL
GKYPFIVTSD
KADINKWRIK
WNHVSMCILN
RYGQSTGEFL
LANGGDGFQM
IFLSLWAVIF

ILHTNDVHSR
IWFTVYKGAE
ASQISGLYLP
NVNKITIALGH
DGRKVPVVQA
LDNYSTQELG
GGGIRSPIDE
QVGGIHVVYD
IKDELLRHDS
VLYQ

LEQTSEDSSK
VAHFMNALRY
YKVLPVGDEV
SGFEMDKLIA
YAFGKYLGYL
KTIVYLDGSS
RNNGTITWEN
LSRKPGDRVV
GDQDINVVST

CVNASRCMGG
DAMALGNHEF
VGIVGYTSKE
QKVRGVDVVV
KIEFDERGNV
QSCRFRECNM
LAAVLPFGGT
KLDVLCTKCR
YISKMKVIYP

In the context herein, “inhibit”, “inhibiting”, “neutralize” or “neutralizing” when referring
to the CD73 polypeptide (e.g., “neutralize CD73", “neutralize the activity of CD73” or
“neutralize the enzymatic activity of CD73", etc.), refers to a process in which the 5'-
nucleotidase (5-ectonucleotidase) activity of CD73 is inhibited. This comprises, notably the
inhibition of CD73-mediated generation of adenosine, i.e. the inhibition of CD73-mediated
catabolism of AMP to adenosine. This can be measured for example in a cell-free assay that
measures the capacity of a test compound to inhibit the conversion of AMP to adenosine,
either directly or indirectly. In one embodiment, an antibody preparation causes at least a
50% decrease in the conversion of AMP to adenosine, at least a 70% decrease in the
conversion of AMP to adenosine, or at least an 80% decrease in the conversion of AMP to
adenosine, referring, for example, to the assays described herein.

Human CD39, also known as NTPdase1, ENTPD1, ATPDase and vascular ATP
diphosphohydrolase, exhibits ATPase activity. CD39 is a membrane bound protein that
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hydrolyzes extracellular ATP and ADP to AMP, which is further converted to adenosine by
another enzyme, 5-prime nucleotidase. The amino acid sequence of the human CD39

mature polypeptide chain is shown in Genbank under accession number P43961, the entire

disclosure of which is incorporated herein by reference, and as follows:

MEDTKESNVK
SLYIYKWPAE
HQETPVYLGA
TINYLLGKFS
LYGKDYNVYT
CTKRFEMTLP
SAFYFVMKFL
SLLLQGYHFT
MVLFSLVLFT

TFCSKNILATI
KENDTGVVHQ
TAGMRLLRME
QKTRWFSIVP
HSFLCYGKDQ
FQOQFEIQGIG
NLTSEKVSQE
ADSWEHIHFI
VAIIGLLIFH

(SEQ ID NO: 2).

LGFSSIIAVI
VEECRVKGPG
SEELADRVLD
YETNNQETFG
ALWQKLAKDI
NYQQCHQSIL
KVTEMMKKFC
GKIQGSDAGW
KPSYFWKDMV

ALLAVGLTQON
ISKEFVQKVNE
VVERSLSNYP
ALDLGGASTQ
QVASNEILRD
ELFNTSYCPY
AQPWEEIKTS
TLGYMLNLTN

KALPENVKYG
IGIYLTDCME
FDFQGARIIT
VTEFVPONQTI
PCFHPGYKKV
SQCAFNGIFL
YAGVKEKYLS
MIPAEQPLST

IVLDAGSSHT
RAREVIPRSQ
GQEEGAYGWI
ESPDNALQFR
VNVSDLYKTP
PPLQGDFGAF
EYCFSGTYIL
PLSHSTYVFL

In the context herein, “inhibit”, “inhibiting”, “neutralize” or “neutralizing” when referring
to the CD39 polypeptide (e.g., “neutralize CD39”, “neutralize the activity of CD39” or
‘neutralize the enzymatic activity of CD39", etc.), refers to a process in which the ATP
hydrolysis (ATPase) activity of CD39 is inhibited. This comprises, notably the inhibition of
CD39-mediated generation of AMP and/or ADP, i.e., the inhibition of CD39-mediated
catabolism of ATP to AMP and/or ADP. This can be measured for example in a cellular
assay that measures the capacity of a test compound to inhibit the conversion of ATP to
AMP and/or ADP, either directly or indirectly. For example, disappearance of ATP and/or
generation of AMP can be assessed, as described herein. In one embodiment, an antibody
preparation causes at least a 60% decrease in the conversion of ATP to AMP, at least a
70% decrease in the conversion of ATP to AMP, or at least an 80% or 90% decrease in the
conversion of ATP to AMP, referring, for example, to the assays described herein (e.g.,
disappearance of ATP and/or generation of AMP).

"ECso" with respect to an agent and a particular activity (e.g. binding to a cell,
inhibition of enzymatic activity, activation or inhibition of an immune cell), refers to the
efficient concentration of the agent which produces 50% of its maximum response or
effect with respect to such activity. "EC4q0" With respect to an agent and a particular activity
refers to the efficient concentration of the agent which produces its substantially maximum
response with respect to such activity.

The term “antibody,” as used herein, refers to polyclonal and monoclonal antibodies.
Depending on the type of constant domain in the heavy chains, antibodies are assigned to
one of five major classes: IgA, IgD, IgE, IgG, and IgM. Several of these are further divided
into subclasses or isotypes, such as IgG1, 1gG2, 1gG3, 1gG4, and the like. An exemplary
immunoglobulin (antibody) structural unit comprises a tetramer. Each tetramer is composed

of two identical pairs of polypeptide chains, each pair having one “light” (about 25 kDa) and
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one “heavy” chain (about 50-70 kDa). The N-terminus of each chain defines a variable
region of about 100 to 110 or more amino acids that is primarily responsible for antigen
recognition. The terms variable light chain (V.) and variable heavy chain (Vn) refer to these
light and heavy chains respectively. The heavy-chain constant domains that correspond to

the different classes of immunoglobulins are termed “alpha,” “delta,” “epsilon,” “gamma” and
“‘mu,” respectively. The subunit structures and three-dimensional configurations of different
classes of immunoglobulins are well known. IgG are the exemplary classes of antibodies
employed herein because they are the most common antibodies in the physiological
situation and because they are most easily made in a laboratory setting. Optionally the
antibody is a monoclonal antibody. Particular examples of antibodies are humanized,
chimeric, human, or otherwise-human-suitable antibodies. “Antibodies” also includes any
fragment or derivative of any of the herein described antibodies.

The term “specifically binds to” means that an antibody can bind preferably in a
competitive binding assay to the binding partner, e.g., CD39, CD73, as assessed using
either recombinant forms of the proteins, epitopes therein, or native proteins present on the
surface of isolated target cells. Competitive binding assays and other methods for
determining specific binding are well known in the art. For example binding can be detected
via radiolabels, physical methods such as mass spectrometry, or direct or indirect
fluorescent labels detected using, e.g., cytofluorometric analysis (e.g., FACScan). Binding
above the amount seen with a control, non-specific agent indicates that the agent binds to
the target.

When an antibody is said to “compete with” a particular monoclonal antibody, it
means that the antibody competes with the monoclonal antibody in a binding assay using
either recombinant molecules (e.g., CD39, CD73) or surface expressed molecules (e.g.,
CD39, CD73). For example, if a test antibody reduces the binding of an antibody having a
heavy chain variable region and a light chain variable region of any of antibodies 11E1, 6E1,
3C12 or 8C7 to a CD73 polypeptide or CD73-expressing cell in a binding assay, the
antibody is said to “compete” respectively with such antibody. For example, if a test antibody
reduces the binding of an antibody having a heavy chain of SEQ ID NO: 6 and a light chain
of SEQ ID NO: 7 to a CD39 polypeptide or CD39-expressing cell in a binding assay, the
antibody is said to “compete” respectively with such antibody.

The term “affinity”, as used herein, means the strength of the binding of an antibody
to an epitope. The affinity of an antibody is given by the dissociation constant Kd, defined as
[Ab] x [Ag] / [Ab-Ag], where [Ab-Ag] is the molar concentration of the antibody-antigen
complex, [Ab] is the molar concentration of the unbound antibody and [Ag] is the molar

concentration of the unbound antigen. The affinity constant Ka is defined by 1/Kd. Methods
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for determining the affinity of mAbs can be found in Harlow, et al., Antibodies: A Laboratory
Manual, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, N.Y., 1988), Coligan et
al., eds., Current Protocols in Immunology, Greene Publishing Assoc. and Wiley
Interscience, N.Y., (1992, 1993), and Muller, Meth. Enzymol. 92:589-601 (1983), which
references are entirely incorporated herein by reference. One standard method well known
in the art for determining the affinity of mAbs is the use of surface plasmon resonance (SPR)
screening (such as by analysis with a BIAcore™ SPR analytical device).

Within the context herein a “determinant” designates a site of interaction or binding
on a polypeptide.

The term “epitope” refers to an antigenic determinant, and is the area or region on an
antigen to which an antibody binds. A protein epitope may comprise amino acid residues
directly involved in the binding as well as amino acid residues which are effectively blocked
by the specific antigen binding antibody or peptide, ie., amino acid residues within the
"footprint" of the antibody. It is the simplest form or smallest structural area on a complex
antigen molecule that can combine with e.g., an antibody or a receptor. Epitopes can be
linear or conformational/structural. The term “linear epitope” is defined as an epitope
composed of amino acid residues that are contiguous on the linear sequence of amino acids
(primary structure). The term “conformational or structural epitope” is defined as an epitope
composed of amino acid residues that are not all contiguous and thus represent separated
parts of the linear sequence of amino acids that are brought into proximity to one another by
folding of the molecule (secondary, tertiary and/or quaternary structures). A conformational
epitope is dependent on the 3-dimensional structure. The term “conformational” is therefore
often used interchangeably with “structural”.

The term “deplete” or “depleting”, with respect to CD73- or CD39-expressing cells,
means a process, method, or compound that results in killing, elimination, lysis or induction
of such killing, elimination or lysis, so as to negatively affect the number of such CD73- or
CD39-expressing cells present in a sample or in a subject.

The term “internalization”, used interchangeably with “intracellular internalization”,
refers to the molecular, biochemical and cellular events associated with the process of
translocating a molecule from the extracellular surface of a cell to the intracellular surface of
a cell. The processes responsible for intracellular internalization of molecules are well-known
and can involve, inter alia, the internalization of extracellular molecules (such as hormones,
antibodies, and small organic molecules); membrane-associated molecules (such as cell-
surface receptors); and complexes of membrane-associated molecules bound to
extracellular molecules (for example, a ligand bound to a transmembrane receptor or an

antibody bound to a membrane-associated molecule). Thus, “inducing and/or increasing
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internalization® comprises events wherein intracellular internalization is initiated and/or the
rate and/or extent of intracellular internalization is increased.

The term "agent" is used herein to denote a chemical compound, a mixture of
chemical compounds, a biological macromolecule, or an extract made from biological
materials. The term "therapeutic agent" refers to an agent that has biological activity.

For the purposes herein, a “humanized” or “human” antibody refers to an antibody in
which the constant and variable framework region of one or more human immunoglobulins is
fused with the binding region, e.g., the CDR, of an animal immunoglobulin. Such antibodies
are designed to maintain the binding specificity of the non-human antibody from which the
binding regions are derived, but to avoid an immune reaction against the non-human
antibody. Such antibodies can be obtained from transgenic mice or other animals that have
been “engineered” to produce specific human antibodies in response to antigenic challenge
(see, e.g., Green et al. (1994) Nature Genet 7:13; Lonberg et al. (1994) Nature 368:856;
Taylor et al. (1994) Int Immun 6:579, the entire teachings of which are herein incorporated
by reference). A fully human antibody also can be constructed by genetic or chromosomal
transfection methods, as well as phage display technology, all of which are known in the art
(see, e.g., McCafferty et al. (1990) Nature 348:552-553). Human antibodies may also be
generated by in vitro activated B cells (see, e.g., U.S. Pat. Nos. 5,567,610 and 5,229,275,
which are incorporated in their entirety by reference).

A “chimeric antibody” is an antibody molecule in which (a) the constant region, or a
portion thereof, is altered, replaced or exchanged so that the antigen binding site (variable
region) is linked to a constant region of a different or altered class, effector function and/or
species, or an entirely different molecule which confers new properties to the chimeric
antibody, e.g., an enzyme, toxin, hormone, growth factor, drug, etc.; or (b) the variable
region, or a portion thereof, is altered, replaced or exchanged with a variable region having a
different or altered antigen specificity.

The term "hypervariable region" when used herein refers to the amino acid residues
of an antibody that are responsible for antigen binding. The hypervariable region generally
comprises amino acid residues from a "complementarity-determining region” or "CDR" (e.g.
residues 24-34 (L1), 50-56 (L2) and 89-97 (L3) in the light-chain variable domain and 31-35
(H1), 50-65 (H2) and 95-102 (H3) in the heavy-chain variable domain; Kabat et al. 1991)
and/or those residues from a "hypervariable loop" (e.g. residues 26-32 (L1), 50-52 (L2) and
91-96 (L3) in the light-chain variable domain and 26-32 (H1), 53-55 (H2) and 96-101 (H3) in
the heavy-chain variable domain; Chothia and Lesk, J. Mol. Biol 1987;196:901-917), or a
similar system for determining essential amino acids responsible for antigen binding.

Typically, the numbering of amino acid residues in this region is performed by the method
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described in Kabat et al., supra. Phrases such as “Kabat position”, "variable domain residue
numbering as in Kabat" and "according to Kabat" herein refer to this numbering system for
heavy chain variable domains or light chain variable domains. Using the Kabat numbering
system, the actual linear amino acid sequence of a peptide may contain fewer or additional
amino acids corresponding to a shortening of, or insertion into, a FR or CDR of the variable
domain. For example, a heavy chain variable domain may include a single amino acid insert
(residue 52a according to Kabat) after residue 52 of CDR H2 and inserted residues (e.g.
residues 82a, 82b, and 82c¢, etc. according to Kabat) after heavy chain FR residue 82. The
Kabat numbering of residues may be determined for a given antibody by alignment at
regions of homology of the sequence of the antibody with a "standard" Kabat numbered
sequence.

By "framework" or "FR" residues as used herein is meant the region of an antibody
variable domain exclusive of those regions defined as CDRs. Each antibody variable domain
framework can be further subdivided into the contiguous regions separated by the CDRs
(FR1, FR2, FR3 and FR4).

The terms "Fc domain," "Fc portion," and "Fc region" refer to a C-terminal fragment of
an antibody heavy chain, e.g., from about amino acid (aa) 230 to about aa 450 of human vy
(gamma) heavy chain or its counterpart sequence in other types of antibody heavy chains
(e.g., a, 9, £ and p for human antibodies), or a naturally occurring allotype thereof. Unless
otherwise specified, the commonly accepted Kabat amino acid numbering for
immunoglobulins is used throughout this disclosure (see Kabat et al. (1991 ) Sequences of
Protein of Immunological Interest, 5th ed., United States Public Health Service, National
Institute of Health, Bethesda, MD).

The terms “isolated”, “purified” or “biologically pure” refer to material that is
substantially or essentially free from components which normally accompany it as found in
its native state. Purity and homogeneity are typically determined using analytical chemistry
techniques such as polyacrylamide gel electrophoresis or high performance liquid
chromatography. A protein that is the predominant species present in a preparation is
substantially purified.

The terms “polypeptide,” “peptide” and “protein” are used interchangeably herein to
refer to a polymer of amino acid residues. The terms apply to amino acid polymers in which
one or more amino acid residue is an artificial chemical mimetic of a corresponding naturally
occurring amino acid, as well as to naturally occurring amino acid polymers and non-
naturally occurring amino acid polymer.

The term “recombinant” when used with reference, e.g., to a cell, or nucleic acid,

protein, or vector, indicates that the cell, nucleic acid, protein or vector, has been modified by
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the introduction of a heterologous nucleic acid or protein or the alteration of a native nucleic
acid or protein, or that the cell is derived from a cell so modified. Thus, for example,
recombinant cells express genes that are not found within the native (nonrecombinant) form
of the cell or express native genes that are otherwise abnormally expressed, under
expressed or not expressed at all.

Within the context herein, the term antibody that “binds” a polypeptide or epitope
designates an antibody that binds said determinant with specificity and/or affinity.

The term “identity” or “identical”, when used in a relationship between the sequences
of two or more polypeptides, refers to the degree of sequence relatedness between
polypeptides, as determined by the number of matches between strings of two or more
amino acid residues. "ldentity" measures the percent of identical matches between the
smaller of two or more sequences with gap alignments (if any) addressed by a particular
mathematical model or computer program (i.e., "algorithms"). Identity of related polypeptides
can be readily calculated by known methods. Such methods include, but are not limited to,
those described in Computational Molecular Biology, Lesk, A. M., ed., Oxford University
Press, New York, 1988; Biocomputing: Informatics and Genome Projects, Smith, D. W., ed.,
Academic Press, New York, 1993; Computer Analysis of Sequence Data, Part 1, Griffin, A.
M., and Griffin, H. G., eds., Humana Press, New Jersey, 1894; Sequence Analysis in
Molecular Biology, von Heinje, G., Academic Press, 1987; Sequence Analysis Primer,
Gribskov, M. and Devereux, J., eds., M. Stockton Press, New York, 1391; and Carillo et al.,
SIAM J. Applied Math. 48, 1073 (1988).

Methods for determining identity are designed to give the largest match between the
sequences tested. Methods of determining identity are described in publicly available
computer programs. Computer program methods for determining identity between two
sequences include the GCG program package, including GAP (Devereux et al., Nucl. Acid.
Res. 12, 387 (1984); Genetics Computer Group, University of Wisconsin, Madison, Wis.),
BLASTP, BLASTN, and FASTA (Altschul et al., J. Mol. Biol. 215, 403-410 (1990)). The
BLASTX program is publicly available from the WNational Center for Biotechnology
Information (NCBI) and other sources (BLAST Manual, Altschul et al. NCB/NLM/NIH
Bethesda, Md. 20894; Altschul et al., supra). The well-known Smith Waterman algorithm

may also be used to determine identity.

Agents that inhibit sCD39 protein
The agent that binds and inhibits CD39 for use in accordance herein can be an
antigen binding domain or a protein comprising such, optionally an antibody or antibody

fragment, that binds to and inhibits or neutralizes the ATPase activity of a soluble CD39
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protein (sCD39). In one embodiment the sCD39 protein lacks the two transmembrane
domains (i.e. the transmembrane domains near the N- and C-terminal ends) found in
membrane bound CD39. In one embodiment, sCD39 is a non-membrane bound sCD39
protein found in circulation, e.g., in @ human individual. In one embodiment, sCD39
comprises or consists of the amino acid sequence of SEQ ID NO: 5 (optionally further
comprising a C-terminal tag or another non-CD39-derived amino acid sequence). In one
embodiment, the protein, antibody or antibody fragment inhibits the ATPase activity of
sCD39 when incubated with sCD39 in solution, e.g., according to the methods disclosed
herein. In one embodiment, the protein, antibody or antibody fragment specifically binds the
human CD39 protein, both in soluble (extracellular domain protein} and in membrane-bound
form.

The antibodies that neutralize the activity of sCD39 (and memCD39) may, in addition
to use as bivalent binders, also be effective as monovalent binders, whether they are
targeting memCD39 in addition to sCD39. Consequently, in one embodiment, an agent that
inhibits CD39 may be an antigen binding protein that binds monovalently to a human CD39
protein (sCD39 and optionally further memCD39) and neutralizes the enzymatic (ATPase)
activity thereof. The antigen binding protein can optionally be specified as binding to a single
CD39 protein and/or bearing a single antigen binding domain capable of binding to a CD39
protein. In one embodiment, provided is an antibody fragment, optionally a F(ab) fragment, a
single chain antibody, a scFv, a multispecific antibody, that binds monovalently to a human
CD39 protein (sCD39 and/or memCD39) and neutralizes the enzymatic (ATPase) activity
thereof. In one embodiment, a CD39-neutralizing antigen binding protein that binds
monovalently to a human CD39 protein is a multi-specific antigen binding protein, e.g., a
multi-specific antibody, a bi-specific antibody, a tri-specific antibody, etc. In one
embodiment, a CD39-neutralizing antigen binding protein that binds monovalently to a
human CD39 protein further binds to and inhibits the enzymatic activity of a human CD73
protein. In one embodiment, provided is use of a CD39-neutralizing antigen binding protein
that binds monovalently to a human CD39 protein comprises a first (or a single) antigen
binding domain that binds CD39 (sCD39 and/or memCD39) and a second (and optionally
further) antigen binding domain(s) that binds and inhibits a CD73 protein.

In one embodiment, the anti-CD39 antibody does not increase or induce intracellular
internalization of, or more generally down-modulation of, cell surface-expressed CD39
and/or does not depend thereupon for its CD39 inhibitory activity.

In one aspect, an anti-CD39 antibody is capable of: (a) inhibiting the enzymatic

activity of membrane-bound CD39 protein (e.g., comprising an amino acid sequence of SEQ
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ID NO: 2) expressed at the surface of cells, and (b) inhibiting the enzymatic activity of
soluble CD39 protein (e.g., having an amino acid sequence of SEQ ID NO: 5).

In one embodiment, an anti-CD39 antibody does not substantially bind (e.g., via its
Fc domain) to human Fcy receptors (e.g., CD16, CD32a, CD32b, CD64) and/or C1q, and/or
do not substantially directing ADCC and/or CDC toward a CD39-expressing cell. Optionally,
the antibody retains an Fc domain (e.g. of human IgG isotype) and retains binding to human
FcRn.

In one embodiment, the CD39 neutralizing antibodies can be characterized by being
capable of causing a decrease in the ATPase activity of a sCD39 polypeptide and/or of a
monomeric CD39 polypeptide, optionally causing a decrease of AMP generation by a
soluble monomeric human CD39 protein, e.g. a CD39 protein consisting of the amino acid
sequence of SEQ ID NO: 5, by at least 50%, 60%, 70%, 80% or 90%.

In one embodiment, the CD39 neutralizing antibodies can be characterized by being
capable of causing a decrease in cells’ ATPase activity of CD39, optionally causing a
decrease of AMP generation by a CD39-expressing cell, by at least 50%, 60%, 70%, 80% or
90%. In one embodiment, the CD39-neutralizing antibodies can be characterized by an
ECso for inhibition of ATPase activity (e.g., ECso for inhibition of AMP generation by a CD39-
expressing cell) of CD39 expressed by a cell of no more than 1 pg/ml, optionally no more
than 0.5 pg/ml, optionally no more than 0.2 pg/ml.

An antigen-binding compound can be produced as further described herein, and at
any desired stage be assessed for its ability to inhibit the enzymatic activity of CD39, notably
to block the ATPase activity of sCD39 and to reduce the production of ADP and AMP (and,
together with CD73, adenosine) by soluble CD39 protein and optionally further by a CD39-
expressing cell, and in turn restore the activity of and/or relieve the adenosine-mediated
inhibition of lymphocyte activation and/or proliferation.

The inhibitory activity (e.g., immune enhancing potential) of an antibody can be
assessed for example, in an assay to detect the disappearance (hydrolysis) of ATP and/or
the generation of AMP.

The ability of an antibody to inhibit soluble recombinant human CD39 protein can be
tested by detecting ATP after incubating test antibody with soluble CD39 protein (e.g., the
CD39 protein having the amino acid sequence of SEQ ID NO: 5, as produced in Example 1,
optionally further comprising a purification tag or other functional or non-functional non-
CD39-derived amino acid sequence). See, e.g., Example 1. Briefly, ATP can be quantified
using the Cell Titer Glo™ (Promega), in an assay in which dose ranges of test antibody are
incubated with soluble recombinant human CD39 protein described in Example 1, for 1 hour
at 37°C. 20 yM ATP are added to the plates for 30 additional minutes at 37°C before
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addition of CTG reagent. Emitted light is quantified using an Enspire™ luminometer after a
short incubation period of 5 min in the dark.

The ability of an antibody to inhibit cells expressing CD39 protein can be tested by
detecting ATP after incubating test antibody with cells (e.g., Ramos cells, cells transfected
with CD39, etc.). See, e.g., Example 1. Cells can be incubated for 1 hour at 37°C with test
antibody. Cells are then incubated with 20 yM ATP for 1 additional hour at 37°C. Plates are
centrifuged for 2 min at 400g and cell supernatant are transferred in a luminescence
microplate (white wells). CTG is added to the supernatant and emitted light is quantified after
a 5 min incubation in the dark using an Enspire™ luminometer. Anti-CD39 antibody efficacy
is determined by comparing emitted light in presence of antibody with ATP alone (maximal
light emission) and ATP together with cells (minimal light emission).

A decrease in hydrolysis of ATP into AMP, and/or an increase of ATP and/or a
decrease in generation of AMP, in the presence of antibody indicate the antibody inhibits
CD39. In one embodiment, an antibody preparation is capable of causing at least a 60%
decrease in the enzymatic activity of a CD39 polypeptide expressed by a cell, preferably the
antibody causes at least a 70%, 80% or 90% decrease in the enzymatic activity of a CD39
polypeptide in a cell, as assessed by detecting ATP using the Cell Titer Glo™ (Promega)
after incubating cells expressing CD39 polypeptide (e.g., Ramos cells) with a test antibody,
e.g., as in Examples herein. In one embodiment, an antibody is characterized by an ECs for
causing a decrease in the enzymatic activity of a CD39 polypeptide expressed by a cell,
(e.g. as assessed by detecting ATP), of no more than the ECso observed with an anti-CD39
antibody described herein, e.g. 1-394, 1-395, 1-396 or 1-399, optionally an ECso of ho more
than 2-log or 1-log greater than that of an anti-CD39 antibody described herein, e.g. I-394, I-
395, 1-396 or 1-399.

In one embodiment, an antibody preparation is capable of causing at least a 60%
decrease in the enzymatic activity of a soluble recombinant CD39 polypeptide, preferably at
least a 70%, 80% or 90% decrease in the enzymatic activity of a soluble recombinant CD39
polypeptide, as assessed by detecting ATP using the Cell Titer Glo™ (Promega) after
incubating soluble recombinant CD39 polypeptide with a test antibody, e.g., as in Example 1.

The activity of an antibody can also be measured in an indirect assay for its ability to
modulate the activity of immune cells (e.g., adenosine receptor-expressing immune cells;
A2A-receptor expressing cells), for example to relieve the adenosine-mediated inhibition of
lymphocyte activity, or to cause the activation of lymphocyte activity. This can be addressed,
for example, using a cytokine-release assay. In another example, an antibody can be

evaluated in an indirect assay for its ability to modulate the proliferation of lymphocytes.
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In one example, provided is a method for producing or identifying an anti-CD39
antibody or antigen binding domain capable of use in the methods of the disclosure (e.g. for
use in treatment of CD73-positive cancers; for use combination with an agent that inhibits
the enzymatic activity of CD73), the method comprising the steps of:

(a) providing a plurality of antibodies that bind a human CD39 polypeptide,

(b) bringing each of the antibodies into contact with soluble extracellular domain
CD39 protein and assessing neutralization of ATPase activity thereof, and

(c) selecting an antibody of step (b) that results in a neutralization of ATPase activity,
by at least 70%, optionally 80% or optionally 90%.

Optionally, the method further comprises the steps of:

(d) assessing the ability of the antibody selected in step (c) to potentiate the activity
of an agent that inhibits the enzymatic activity of a CD73 protein; and

(e) selecting an antibody of step (d) that potentiates the activity of an agent that
inhibits the enzymatic activity of a CD73 protein.

Optionally, step (d) comprises bringing the antibody selected in step (c) and an agent
that inhibits the enzymatic activity of a CD73 protein into contact with cells, optionally human
T cells, optionally CD4 T cells, optionally CD8 T cells, and assessing activation and/or
proliferation of the cells. Optionally, the assay is conducted in the presence of ATP (e.g.,
exogenously added ATP).

Optionally, in any embodiment herein, a neutralizing anti-CD39 antibody binds an
antigenic determinant present on both sCD39 and CD39 expressed at the cell surface
(memCD39).

Optionally, in any embodiment herein, a neutralizing anti-CD39 antibody competes
for binding to an epitope on CD39 bound by antibody 1-394, 1-395, 1-396, 1-397, 1-398 or |-
399, (e.g., that competes for binding to an epitope on a CD39 polypeptide with an antibody
having the heavy and light chain CDRs or variable regions of any of -394, 1-395, 1-396, I-
397, 1-398 or 1-399).

Optionally, in any embodiment herein, a neutralizing anti-CD39 antibody binds the
same epitope and/or competes for binding to a CD39 polypeptide with monoclonal antibody
1-394, 1-395, 1-396, 1-397, 1-398 or |-399, e.g., that competes for binding to a CD39
polypeptide with an antibody having the heavy and light chain CDRs or variable regions of I-
394, 1-395, 1-396, 1-397, 1-398 or 1-399. In one embodiment, a neutralizing anti-CD39
antibody binds the same epitope and/or competes for binding to a CD39 polypeptide with an
antibody having respectively a VH and VL region of SEQ ID NOS: 6 and 7.
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Optionally, in any embodiment herein, an anti-CD39 antibody binds an epitope
comprising one, two or three amino acid residues selected from the group consisting of the
amino acid residues on CD39 bound by 1-394, 1-395, 1-396, 1-397, 1-398 or 1-399.

Optionally, in any embodiment herein, the binding molecule (e.g., anti-CD39
antibody) comprises the variable heavy chain domain (Vu) comprising a light chain CDR1, 2
and 3 as described herein, and a variable light chain domain (V.) comprising a heavy chain
CDRH1, 2 and 3 as described herein, or an amino acid sequence in which the CDR (or set of
heavy and/or light chain CDRs) has at least 60%, 70%, 80%, 85%, 90% or 95% amino acid
identity to said CDR (or said set of heavy and/or light chain CDRs). In one aspect of any of
the embodiments herein, the antibody may comprise a heavy chain comprising the three
CDRs of the heavy chain variable region (VH) of antibody 1-394, 1-395, 1-396, |-397, 1-398 or
I-399 and a light chain comprising the three CDRs of the light chain variable region (VL) of
antibody 1-394, 1-395, 1-396, 1-397, 1-398 or 1-399.

Optionally, in any embodiment herein, an anti-CD39 antibody can be characterized
as comprising a heavy chain comprising an amino acid sequence at least 60%, 70%, 80%,
85%, 90% or 95% amino acid identity to a heavy chain as described herein (e.g., the heavy
chain of SEQ ID NO: 52), and a light chain comprising an amino acid sequence at least
60%, 70%, 80%, 85%, 90% or 95% amino acid identity to a light chain as described herein
(e.g., the light chain of SEQ ID NO: 53).

Optionally, in any embodiment herein, an anti-CD39 antibody) can be characterized
as being a function-conservative variant of any of the antibodies disclosed herein.
“Function-conservative variants” are those in which a given amino acid residue in a protein
or enzyme has been changed without altering the overall conformation and function of the
polypeptide, including, but not limited to, replacement of an amino acid with one having
similar properties (such as, for example, polarity, hydrogen bonding potential, acidic, basic,
hydrophobic, aromatic, and the like). Amino acids other than those indicated as conserved
may differ in a protein so that the percent protein or amino acid sequence similarity between
any two proteins of similar function may vary and may be, for example, from 70% to 99% as
determined according to an alignment scheme such as by the Cluster Method, wherein
similarity is based on the MEGALIGN algorithm. A “function-conservative variant” also
includes a polypeptide which has at least 60% amino acid identity as determined by BLAST
or FASTA algorithms, preferably at least 75%, more preferably at least 85%, still preferably
at least 90%, and even more preferably at least 95%, and which has the same or
substantially similar properties or functions as the native or parent protein to which it is

compared.
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Optionally, in any embodiment herein, anti-CD39 antibody comprises a human Fc
domain that is modified (compared to a wild-type Fc domain of the same isotype) to reduce
binding between the Fc domain and human CD16A, CD16B, CD32A, CD32B and/or CD64
polypeptides, optionally wherein the antibody comprises: (i) a heavy chain comprising CDR
1, 2 and 3 of the heavy chain variable region of SEQ ID NO: 6 and (ii) a light chain
comprising CDR 1, 2 and 3 of the light chain variable region of SEQ ID NO: 7. In one aspect,
the Fc domain is modified (compared to a wild-type Fc domain of the same isotype) to
reduce binding between the Fc domain and human C1q polypeptide. In one embodiment,
the antibody comprises an amino acid substitution in a heavy chain constant region at any
one, two, three, four, five or more of residues selected from the group consisting of: 220,
226, 229, 233, 234, 235, 236, 237, 238, 243, 264, 268, 297, 298, 299, 309, 310, 318, 320,
322, 327, 330 and 331 (Kabat EU numbering). In one embodiment, the antibody has an
amino acid substitution in a heavy chain constant region at any three, four, five or more of
residues selected from the group consisting of: 234, 235, 237, 322, 330 and 331. In one
embodiment, the antibody comprises an Fc domain comprising an amino acid sequence of
any of SEQ ID NOS: 59-62.

In one embodiment, an antibody comprises a heavy chain constant region
comprising the amino acid sequence below, or an amino acid sequence at least 90%, 95%
or 99% identical thereto but retaining the amino acid residues at Kabat positions 234, 235
and 331 (underlined):

ASTKGPSVFPLAPSSKSTSGGTAALGCLVEKDYTFTP
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSYV
VTVPSSSLGEGTQTYICNVNHKPSNTERKVDKRVETPKS
CDKTHTCPPCPAPEAEGGPSVFLFPPEKPKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGEKETYKTC
KVSNKALPASIEKTISKAKGQPREPQVYTLPZPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDEKSRWQQGNVTF
SCSVMHEALHNHYTOQKSLSLSPGK (SEQIDNO:59).

In one embodiment, an antibody comprises a heavy chain constant region
comprising the amino acid sequence below, or an amino acid sequence at least 90%, 95%
or 99% identical thereto but retaining the amino acid residues at Kabat positions 234, 235
and 331 (underlined):
ASTKGPSVFPLAPSSKSTSGGTAALGCLVEKDYTFTP

EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSYV
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VTVPSSSLGEGTQTYICNVNHKPSNTERKVDKRVETPKS
CDKTHTCPPCPAPEFEGGPSVFLFPPKPEKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGEKETYKTC
KVSNKALPASIEKTISKAKGQPREPQVYTLPZPSR
EEMTKNQVSLTCLVEKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVTF
SCSVMHEALHNHYTOQKSLSLSPGEK (SEQIDNO:60).

In one embodiment, an antibody comprises a heavy chain constant region
comprising the amino acid sequence below, or an amino acid sequence at least 90%, 95%
or 99% identical thereto but retaining the amino acid residues at Kabat positions 234, 235,
237, 330 and 331 (underlined):

ASTKGPSVFPLAPSSKSTSGGTAALGCLYVEKDYTFP
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSV
VTVPSSSLGEGTQTYICNVNHEKPSNTEKVDEKRYVETPEKS
CDKTHTCPPCPAPEAEGAPSVFLFPPKPEKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGEKETYKTC
KVSNKALPSSIEKTISKAKGQPREPQVYTLPZPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDEKSRWQQGNVTF
SCSVMHEALHNHYTOQKSLSLSPGK (SEQIDNO:61).

In one embodiment, an antibody comprises a heavy chain constant region
comprising the amino acid sequence below, or a sequence at least 90%, 95% or 99%
identical thereto but retaining the amino acid residues at Kabat positions 234, 235, 237 and
331 (underlined):

ASTKGPSVFPLAPSSKSTSGGTAALGCLVEKDYTFTP
EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSYV
VTVPSSSLGEGTQTYICNVNHKPSNTERKVDKRVETPKS
CDKTHTCPPCPAPEAEGAPSVFLFPPKPEKDTLMI
SRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNA
KTKPREEQYNSTYRVVSVLTVLHQDWLNGEKETYKTC
KVSNKALPASIEKTISKAKGQPREPQVYTLZPPSR
EEMTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN
NYKTTPPVLDSDGSFFLYSKLTVDEKSRWQQGNVTF
SCSVMHEALHNHYTOQKSLSLSPGEK (SEQIDNO:62).
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In one aspect, the anti-CD39 antibody binds the same epitope as antibody 1-394, |-
395, 1-396, 1-397, 1-398 or 1-399. In one embodiment, the antibodies bind to an epitope of
CD39 that at least partially overlaps with, or includes at least one residue in, the epitope
bound by antibody 1-394, 1-395, 1-396, 1-397, 1-398 or 1-399. The residues bound by the
antibody can be specified as being present on the surface of the CD39 polypeptide, e.g., in a
CD39 polypeptide expressed on the surface of a cell.

Binding of anti-CD39 antibody to cells transfected with CD39 mutants can be
measured and compared to the ability of anti-CD39 antibody to bind wild-type CD39
polypeptide (e.g., SEQ ID NO: 2). A reduction in binding between an anti-CD39 antibody and
a mutant CD39 polypeptide (e.g., a mutant of Table 1) means that there is a reduction in
binding affinity (e.g., as measured by known methods such FACS testing of cells expressing
a particular mutant, or by Biacore testing of binding to mutant polypeptides) and/or a
reduction in the total binding capacity of the anti- CD39 antibody (e.g., as evidenced by a
decrease in Bmax in a plot of anti-CD39 antibody concentration versus polypeptide
concentration). A significant reduction in binding indicates that the mutated residue is directly
involved in binding to the anti-CD39 antibody or is in close proximity to the binding protein
when the anti-CD39 antibody is bound to CD39.

In some embodiments, a significant reduction in binding means that the binding
affinity and/or capacity between an anti-CD39 antibody and a mutant CD39 polypeptide is
reduced by greater than 40 %, greater than 50 %, greater than 55 %, greater than 60 %,
greater than 65 %, greater than 70 %, greater than 75 %, greater than 80 %, greater than 85
%, greater than 90% or greater than 95% relative to binding between the antibody and a wild
type CD39 polypeptide. In certain embodiments, binding is reduced below detectable limits.
In some embodiments, a significant reduction in binding is evidenced when binding of an
anti-CD39 antibody to a mutant CD39 polypeptide is less than 50% (e.g., less than 45%,
40%, 35%, 30%, 25%, 20%, 15% or 10%) of the binding observed between the anti-CD39
antibody and a wild-type CD39 polypeptide.

In some embodiments, anti-CD39 antibodies exhibit significantly lower binding for a
mutant CD39 polypeptide in which a residue in a segment comprising an amino acid residue
bound by antibody 1-394, 1-395, 1-396, 1-397, 1-398 or 1-399 is substituted with a different
amino acid.

In some embodiments, anti-CD39 antibodies (e.g., other than 1-394) are provided that
bind the epitope on CD39 bound by antibody 1-394, 1-395, 1-396, 1-397, 1-398 or 1-399.

In one aspect, the antibody binds an epitope on CD39 comprising an amino acid
residue (e.g., one, two or three of the residues) selected from the group consisting of R138,
M139 and E142 (with reference to SEQ ID NO: 2).
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In one aspect, an anti-CD39 antibody exhibits reduced binding (e.g. substantially
complete loss of binding) to a CD39 polypeptide having a mutation at one, two or three of
the residues selected from the group consisting of: R138, M139 and E142 (with reference to
SEQ ID NO: 2), compared to a wild-type CD39 polypeptide (a CD39 polypeptide of SEQ ID
NO: 2); optionally, the mutant CD39 polypeptide has the mutations: R138A, M139A and
E142K. In one optional aspect, the antibody does not have a loss of binding to any of the
mutant CD39 polypeptide of Table 1 other than mutant 19. In another optional aspect, the
anti-CD39 antibody exhibits reduced binding (optionally reduced but not a substantially
complete loss of binding; or optionally a substantially complete loss of binding) to a CD39
polypeptide having a mutation at one, two, three or four of the residues selected from the
group consisting of: Q96, N99, E143 and R147 (with reference to SEQ ID NO: 2), compared
to a wild-type CD39 polypeptide (a CD39 polypeptide of SEQ ID NO: 2); optionally, the
mutant CD39 polypeptide has the mutations: Q96A, N99A, E143A and R147E.

In one aspect, the antibody binds an epitope on CD39 comprising an amino acid
residue (e.g., one, two, three or four of the residues) selected from the group consisting of
Q96, N99, E143 and R147 (with reference to SEQ ID NO: 2). In one aspect, the antibody
has reduced binding (e.g. substantially complete loss of binding) to a mutant CD39
polypeptide comprising a mutation at 1, 2, 3 or 4 residues selected from the group consisting
of Q96, N99, E143 and R147 (with reference to SEQ ID NO: 2), in each case relative to
binding between the antibody and a wild-type CD39 polypeptide comprising the amino acid
sequence of SEQ ID NO: 2.

In one aspect, the antibody binds an epitope on CD39 comprising (a) an amino acid
residue (e.g., one, two or three of the residues) selected from the group consisting of R138,
M139 and E142 (with reference to SEQ ID NO: 2), and (b) an amino acid residue (e.g., one,
two, three or four of the residues) selected from the group consisting of Q96, N99, E143 and
R147.

In one aspect, an anti-CD39 antibody exhibits reduced (e.g. substantially complete
loss of) binding to both (a) a CD39 polypeptide having a mutation at one, two, three or four
of the residues selected from the group consisting of: Q96, N99, E143 and R147 (with
reference to SEQ ID NO: 2), and (b) a CD39 polypeptide having a mutation at one, two, or
three of the residues selected from the group consisting of: R138, M139 and E142 (with
reference to SEQ ID NO: 2), in each case compared to a wild-type CD39 polypeptide (a
CD39 polypeptide of SEQ ID NO: 2). Optionally, the mutant CD39 polypeptide of (a) has the
mutations: Q96A, N99A, E143A and R147E. Optionally, the mutant CD39 polypeptide of (b)
has the mutations: R138A, M139A and E142K. Optionally the antibody does not have a loss
of binding to any of the mutant CD39 polypeptide of Table 1 other than mutants 5 and 19.
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In one aspect, the antibody binds an epitope on CD39 comprising an amino acid
residue (e.g., one, two, three or four of the residues) selected from the group consisting of
K87, E100 and D107 (with reference to SEQ ID NO: 2).

In one aspect, an anti-CD39 antibody exhibits reduced binding (e.g. substantially
complete loss of binding) to a CD39 polypeptide having a mutation at one, two, three or four
of the residues selected from the group consisting of: K87, E100 and D107 (with reference to
SEQ ID NO: 2), compared to a wild-type CD39 polypeptide (a CD39 polypeptide of SEQ ID
NO: 2); optionally, the mutant CD39 polypeptide has the mutations: K87A, E100A and
D107A. Optionally the antibody does not have a loss of binding to any of the mutant CD39
polypeptide of Table 1 other than mutant 15.

In one aspect, the antibody binds an epitope on CD39 comprising an amino acid
residue (e.g., one, two, three or four of the residues) selected from the group consisting of
N371, L372, E375, K376 and V377 (with reference to SEQ ID NO: 2).

In one aspect, an anti-CD39 antibody exhibits reduced (e.g. substantially complete
loss of} binding to a CD39 polypeptide having a mutation at one, two, three, four or five of
the residues selected from the group consisting of: N371, L372, E375, K376 and V377 (with
reference to SEQ ID NO: 2), compared to a wild-type CD39 polypeptide (a CD39 polypeptide
of SEQ ID NO: 2); optionally, the mutant CD39 polypeptide has the mutations: N371K,
L372K, E375A, K376G and V3775, and an insertion of a valine between residues 376 and
377. Optionally the antibody does not have a loss of binding to any of the mutant CD39
polypeptide of Table 1 other than mutant 11.

An anti-CD39 antibody may for example comprise: a HCDR1 comprising an amino
acid sequence: DYNMH (SEQ ID NO: 8), or a sequence of at least 4 contiguous amino acids
thereof, optionally wherein one or more of these amino acids may be substituted by a
different amino acid; a HCDR2 comprising an amino acid sequence:
YIVPLNGGSTFNQKFKG (SEQ ID NO: 9), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid;; a HCDR3 comprising an amino acid sequence:
GGTRFAY (SEQ ID NO: 10), or a sequence of at least 4, 5 or 6 contiguous amino acids
thereof, optionally wherein one or more of these amino acids may be substituted by a
different amino acid; a LCDR1 comprising an amino acid sequence: RASESVDNFGVSFMY
(SEQ ID NO: 11), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10 contiguous amino acids
thereof, optionally wherein one or more of these amino acids may be substituted by a
different amino acid; a LCDR2 region comprising an amino acid sequence: GASNQGS
(SEQ ID NO: 12) or a sequence of at least 4, 5 or 6 contiguous amino acids thereof,

optionally wherein one or more of these amino acids may be substituted by a different amino
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acid; and/or a LCDR3 region of 1-394 comprising an amino acid sequence: QQTKEVPYT
(SEQ ID NO: 13), or a sequence of at least 4, 5, 6, 7 or 8 contiguous amino acids thereof,
optionally wherein one or more of these amino acids may be deleted or substituted by a
different amino acid. CDR positions may be according to Kabat numbering.

An exemplary anti-CD39 VH and VL pair of an antibody that inhibits the enzymatic
activity of human sCD39 protein is that of antibody 1-394, the amino acid sequence of the
heavy chain variable region of which is listed below (SEQ ID NO: 6), and the amino acid
sequence of the light chain variable region of which is listed below (SEQ ID NO: 7). The
CDRs according to Kabat numbering are underlined in SEQ ID NOS: 6 and 7. Optionally, the
VH and VL comprise (e.g., are modified to incorporate) human acceptor frameworks. In one
embodiment, an anti-CD39 antibody of the disclosure comprises the VH CDR1, CDR2
and/or CDR3 (e.g., according to Kabat numbering) of the heavy chain variable region having
the amino acid sequence of SEQ ID NO: 6. In one embodiment, an anti-CD39 antibody of
the disclosure comprise the VL CDR1, CDR2 and/or CDR3 (e.g., according to Kabat
numbering) of the light chain variable region having the amino acid sequence of SEQ ID NO:
7.

-394 VH:
EVQLQQSGPELVKPGASVKMSCKASGYTFTDYNMHWVKQSHGRTLEWIGYIVPLNGGSTF
NQKFKGRATLTVNTSSRTAYMELRSLTSEDSAAYYCARGGTRFAYWGQGTLVTVSA (SEQ
ID NO: 6).

-394 VL:
DIVLTQSPASLAVSLGQRATISCRASESVDNFGVSFMYWFQQKPGQPPNLLIYGASNQGSG
VPARFRGSGSGTDFSLNIHPMEADDTAMYFCQQTKEVPYTFGGGTKLEIK (SEQ ID NO:
7).

Another exemplary anti-CD39 VH and VL pair according to the disclosure is that of
antibody 1-395, the amino acid sequence of the heavy chain variable region of which is listed
below (SEQ ID NO: 14), and the amino acid sequence of the light chain variable region of
which is listed below (SEQ ID NO: 15). The CDRs according to Kabat numbering are
underlined in SEQ ID NOS: 14 and 15. Optionally, the VH and VL comprise (e.g., are
modified to incorporate) human acceptor frameworks. In one embodiment, an anti-CD39
antibody of the disclosure comprises the VH CDR1, CDR2 and/or CDR3 (e.g., according to
Kabat numbering) of the heavy chain variable region having the amino acid sequence of

SEQ ID NO: 14. In one embodiment, an anti-CD39 antibody of the disclosure comprise the
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VL CDR1, CDR2 and/or CDR3 (e.g., according to Kabat numbering) of the light chain

variable region having the amino acid sequence of SEQ ID NO: 15.

1-395 VH:
EVQLQQSGPELVKPGASVRMSCKASGYTFTDYNMHWVKKNHGKGLEWIGYINPNNGGTT

YNQKFKGKATLTVNTSSKTAYMELRSLTSEDSAVYYCTRGGTRFASWGQGTLVTVSA
(SEQ ID NO: 14).

1-395 VL:
NIVLTQSPASLAVSLGQRATISCRASESVDNYGISFMYWFQQKPGQPPKLLIYAASTQGSG
VPARFSGSGSGTDFSLNIHPMEEDDTAMYFCQQSKEVPFTFGSGTKLEIK
(SEQ ID NO:15).

An anti-CD39 antibody may for example comprise: a HCDR1 of 1-395 comprising an

amino acid sequence: DYNMH (SEQ ID NO: 16), or a sequence of at least 4 contiguous
amino acids thereof, optionally wherein one or more of these amino acids may be
substituted by a different amino acid; a HCDR2 of I-395 comprising an amino acid sequence:
YINPNNGGTTYNQKFKG (SEQ ID NO: 17), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a HCDR3 of I-395 comprising an amino acid
sequence: GGTRFAS (SEQ ID NO: 18), or a sequence of at least 4, 5, 6 contiguous amino
acids thereof, optionally wherein one or more of these amino acids may be substituted by a
different amino acid; a LCDR1 of [-395 comprising an amino acid sequence:
RASESVDNYGISFMY (SEQ ID NO: 19), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a LCDR2 region of I-395 comprising an amino acid
sequence: AASTQGS (SEQ ID NO: 20) or a sequence of at least 4, 5 or 6 contiguous
amino acids thereof, optionally wherein one or more of these amino acids may be
substituted by a different amino acid; and/or a LCDR3 region of I-395 comprising an amino
acid sequence: QQSKEVPFT (SEQ ID NO: 21), or a sequence of at least 4, 5, 6, 7 or 8
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be deleted or substituted by a different amino acid. CDR positions may be according to
Kabat numbering.

Another exemplary anti-CD39 VH and VL pair according to the disclosure is that of
antibody 1-396, the amino acid sequence of the heavy chain variable region of which is listed
below (SEQ ID NO: 22), and the amino acid sequence of the light chain variable region of
which is listed below (SEQ ID NO: 23). The CDRs according to Kabat numbering are
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underlined in SEQ ID NOS: 22 and 23. Optionally, the VH and VL comprise (e.g., are
modified to incorporate) human acceptor frameworks. In one embodiment, an anti-CD39
antibody of the disclosure comprises the VH CDR1, CDR2 and/or CDR3 (e.g., according to
Kabat numbering) of the heavy chain variable region having the amino acid sequence of
SEQ ID NO: 22. In one embodiment, an anti-CD39 antibody of the disclosure comprise the
VL CDR1, CDR2 and/or CDR3 (e.g., according to Kabat numbering) of the light chain

variable region having the amino acid sequence of SEQ ID NO: 23.

1-396 VH:
EVQLQQSGAELVKPGASVKLSCIVSGFNIKDTYINWVKQRPEQGLEWIGRIDPANGNTKYD
PKFQGKATMTSDTSSNTAYLHLSSLTSDDSAVYYCARWGYDDEEADYFDSWGQGTTLTV
SS

(SEQ ID NO: 22).

1-396 VL:
DIVLTQSPASLAVSLGQRATISCRASESVDNYGISFMNWFQQKPGQPPKLLIYAASNQGSG
VPARFSGSGSGTDFSLNILPMEEVDAAMYFCHQSKEVPWTFGGGTKLEIK

(SEQ ID NO: 23).

An anti-CD39 antibody may for example comprise: a HCDR1 comprising an amino

acid sequence: DTYIN (SEQ ID NO: 24), or a sequence of at least 4 contiguous amino acids
thereof, optionally wherein one or more of these amino acids may be substituted by a
different amino acid; a HCDR2 comprising an amino acid sequence:
RIDPANGNTKYDPKFQG (SEQ ID NO: 25), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a HCDR3 comprising an amino acid sequence:
WGYDDEEADYFDS (SEQ ID NO: 26), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a LCDR1 comprising an amino acid sequence:
RASESVDNYGISFMN (SEQ ID NO: 27), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a LCDR2 region comprising an amino acid
sequence: AASNQGS (SEQ ID NO: 28) or a sequence of at least 4, 5 or 6 contiguous
amino acids thereof, optionally wherein one or more of these amino acids may be
substituted by a different amino acid; and/or a LCDR3 region of I-396 comprising an amino
acid sequence: HQSKEVPWT (SEQ ID NO: 29), or a sequence of at least 4, 5, 6, 7 or 8

contiguous amino acids thereof, optionally wherein one or more of these amino acids may
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be deleted or substituted by a different amino acid. CDR positions may be according to
Kabat numbering.

Another exemplary anti-CD39 VH and VL pair according to the disclosure is that of
antibody 1-399, the amino acid sequence of the heavy chain variable region of which is listed
below (SEQ ID NO: 30), and the amino acid sequence of the light chain variable region of
which is listed below (SEQ ID NO: 31). The CDRs according to Kabat numbering are
underlined in SEQ ID NOS: 30 and 31. Optionally, the VH and VL comprise (e.g., are
modified to incorporate) human acceptor frameworks. In one embodiment, an anti-CD39
antibody of the disclosure comprises the VH CDR1, CDR2 and/or CDR3 (e.g., according to
Kabat numbering) of the heavy chain variable region having the amino acid sequence of
SEQ ID NO: 30. In one embodiment, an anti-CD39 antibody of the disclosure comprise the
VL CDR1, CDR2 and/or CDR3 (e.g., according to Kabat numbering) of the light chain

variable region having the amino acid sequence of SEQ ID NO: 31.

[-399 VH:
PVQLQQPGAEVVMPGASVKLSCKASGYTFTSFWMNWMRQRPGQGLEWIGEIDPSDFYTN
SNQRFKGKATLTVDKSSSTAYMQLSSLTSEDSAVYFCARGDFGWYFDVWGTGTSVTVSS
(SEQ ID NO: 30).

1-399 VL:
EIVLTQSPTTMTSSPGEKITFTCSASSSINSNYLHWYQQKPGFSPKLLIYRTSNLASGVPTRF
SGSGSGTSYSLTIGTMEAEDVATYYCQQGSSLPRTFGGGTKLEIK

(SEQ ID NO: 31).

An anti-CD39 antibody may for example comprise: a HCDR1 comprising an amino

acid sequence: SFWMN (SEQ ID NO: 32), or a sequence of at least 4 contiguous amino
acids thereof, optionally wherein one or more of these amino acids may be substituted by a
different amino acid; a HCDR2 comprising an amino acid sequence:
EIDPSDFYTNSNQRFKG (SEQ ID NO: 33), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a HCDR3 comprising an amino acid:
GDFGWYFDV (SEQ ID NO: 34), or a sequence of at least 4, 5 or 6 contiguous amino acids
thereof, optionally wherein one or more of these amino acids may be substituted by a
different amino acid; a LCDR1 comprising an amino acid sequence: SASSSINSNYLH (SEQ
ID NO: 35), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10 contiguous amino acids thereof,
optionally wherein one or more of these amino acids may be substituted by a different amino
acid; a LCDR2 region comprising an amino acid sequence: RTSNLAS (SEQ ID NO: 36) or
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a sequence of at least 4, 5 or 6 contiguous amino acids thereof, optionally wherein one or
more of these amino acids may be substituted by a different amino acid; and/or a LCDR3
region of 1-399 comprising an amino acid sequence: QQGSSLPRT (SEQ ID NO: 37), or a
sequence of at least 4, 5, 6, 7 or 8 contiguous amino acids thereof, optionally wherein one or
more of these amino acids may be deleted or substituted by a different amino acid. CDR
positions may be according to Kabat numbering.

In any of the 1-394, 1-395, I-396 and [-399 antibodies, the HCDR1, 2, 3 and LCDR{,
2, 3 sequences (each CDR independently, or all CDRs) can be specified as being those of
the Kabat numbering system, (as indicated in in the VH and VL sequences by underlining),
those of the Chothia numbering system, or, those of the IMGT numbering system, or any
other suitable numbering system.

In any aspect, the specified variable region, FR and/or CDR sequences may
comprise one or more sequence modifications, e.g., a substitution (1, 2, 3, 4, 5,6, 7, 8 or
more sequence modifications). In one embodiment the substitution is a conservative
modification.

In another aspect, the anti-CD39 compound comprises a VH domain having at least
about 60%, 70% or 80% sequence identity, optionally at least about 85%, 90%, 95%, 97%,
98% or 99% identity, to the VH domain of an antibody disclosed herein. In another aspect,
the anti-CD39 antibody comprises a VL domain having at least about 60%, 70% or 80%
sequence identity, optionally at least about 85%, 90%, 95%, 97%, 98% or 99% identity, to

the VL domain of an antibody disclosed herein.

Agents that inhibit CD73

Inhibition or neutralization of the ecto-5 nucleotidase activity of the CD73 enzyme
can advantageously involve use of an agent (e.g., a small molecule organic compound, an
antibody, a polypeptide fused to an Fc domain, an immunoadhesin, etc.) that binds CD73
and inhibits the ecto-5' nucleotidase activity of the CD73 enzyme.

Each subunit of the CD73 dimer consists of two structural domains: the N-terminal
domain (residues 27-317, numbering as referenced in Knapp et al. (2012)) and the C-
terminal domain (residues 337-549), with the larger N-terminal domain of CD73 containing
the metal ion binding site and having a four-layered a/b-b-b-a structure, including two
sandwiched mixed b sheets. The C-terminal domain contains the substrate binding site and
dimerization interface, and has a four-layered structure of the composition a/b-b-a-b. The
two domains are linked by a single a helix (residues 318-336) comprising a small hinge
region, which enables the enzyme to undergo large domain movements and thereby switch

between the open and closed conformations. The active site, observed in the closed
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conformation, is located at the interface between the N- and C-terminal domains and is
formed from residues of both domains. See, e.g., Knapp et al. (2012) Structure 20, 2161—
2173, the disclosure of which is incorporated herein by reference.

A variety of different CD73 binding agents are known in the art that function to inhibit
the ecto-5’ nucleotidase activity of CD73 by different mechanisms of action. Small molecule
agents such as purines and ADP analogs such as the non-hydrolysable ADP analog APCP
(adenosine 5’-[a,B-methylene]diphosphate) act as competitive inhibitors of ADP (e.g. by
binding the ADP binding site of CD73). Other agents, including both antibodies and small
molecule agents, can act as non-competitive inhibitors. For example, antibodies such as
BMS-986179 have been reported that inhibit the enzymatic activity of CD73 by inducing
intracellular internalization of CD73 (see, e.g. PCT publication no. WO2016/081748). In
other examples, both small molecule and/or antibody agents can act as allosteric inhibitors,
for example by binding CD73 at a site that leads to impairment of domain motion needed for
enzymatic activity. For example, computation biology permitted the design of small
molecules combining rigid scaffolds such as five- or six membered aromatic rings as a tri-
branched based molecules that can target the dimerization interface of CD73, thereby non-
competitively inhibiting CD73 (see Rahimova et al. (2018) PLOS Computational Biology;
https://doi.org/10.1371/journal.pcbi.1005943), and 2-alkoxy-3-(sulfonylarylaminomethylene)-
chroman-4-one derivatives have been reported as non-competitive inhibitors (see Al-
Rashida and Igbal (2014) Med Res Rev 34: 703-743) . Antibody MEDI9447 (oleclumab; see
also PCT publication no. WO2016/075099 sterically blocks CD73 and prevents CD73 from
adopting a catalytically active conformation (see Geoghegan et al. (2016) mAbs 8: 454-467).
Antibodies that act as non-competitive inhibitors of cell membrane-bound CD73 (without
reliance on internalization) and additionally inhibit the enzymatic activity of soluble CD73 can
additionally optionally further inhibit soluble CD73 polypeptide without reliance on
internalization have also been reported (see PCT publication no. WO2016/055609). Other
agents may include nucleic acid (e.g. RNA) based inhibitors of CD73 expression.

Examples of antibody agents reported to inhibit the enzymatic activity of CD73 are
disclosed in PCT publication nos. WO2016/055609; W0O2016/131950; W02017/064043;
W02017/100670; WO2016/075099; and WO02016/081748, the disclosures of which are
incorporated herein by reference. Examples of small molecule organic compounds reported
to inhibit the enzymatic activity of CD73 are disclosed in PCT publication nos.
WO02015/049447 and WO2015/164573  (purine  derivatives), W02018094148,
W02017/120508, WO2017/153952 and WO02017/098421, the disclosures of which are

incorporated herein by reference.
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Antibodies preferably bind an epitope present on CD73 expressed at the surface of
cells, including tumor cells, and inhibit the enzymatic (ecto-5’ nucleotidase) activity of the
CD73 enzyme (e.g. membrane-bound CD73 protein expressed at the surface of cells). In
one embodiment, these antibodies can be used as pure CD73 blocking antibodies, e.g., they
inhibit the enzymatic activity of membrane-bound CD73 protein expressed at the surface of
cells without substantially binding Fcy receptors and/or without substantially directing ADCC
toward a CD73-expressing cell. Optionally, the antibodies retain an Fc domain and retain
binding to human FcRn. Optionally the antibodies comprise a modified Fc domain, e.g. to
decrease protease sensitivity (e.g. toward proteases such as MMPs in the tumor
environment) and/or to decrease binding to human Fcy receptors (e.g., CD16).

Optionally, the antibodies are administered in an amount effective to inhibit the
enzymatic activity of CD73 for a desired period of time, e.g. 1 week, 2 weeks, a month, until
the next successive administration of anti-CD73 antibody.

Examples of anti-CD73 antibodies are provided in PCT publication nos.
WO02017/064043; W0O2017/100670; WO2016/075099; and WO2016/081748.

In one example, the anti-CD73 antibodies used in accordance of the disclosure
neutralize the enzymatic activity of CD73 by causing or inducing intracellular internalization
of, or more generally down-modulation of, cell surface-expressed CD73. Antibody BMS-
986179 (PCT publication no. WO2016/081748 is an example of such antibody; the antibody
functions by binding to a conformational epitope on CD73, where the antibody binds to a site
that includes amino acid residues in the segments 65-83 and 157-172 of human CD73
(reference to SEQ ID NO: 1).

In one aspect, anti-CD73 antibodies may bind an epitope on CD73 that is present on
CD73 not only in the “open” conformation when not bound to substrate but also in the
“closed” conformation when bound to a substrate (e.g. a natural substrate such as AMP or
an inhibitor or other compound that binds the active site such as an AMP analogue
adenosine 5'-(a,f-methylene)diphosphate (APCP)). In one aspect, an anti-CD73 antibody
does not compete with a substrate of CD73 for binding to a CD73 polypeptide. Examples of
substrates of CD73 include, e.g. a natural substrate such as AMP or an inhibitor or other
compound that binds the active site such as an AMP analogue adenosine 5'-(q,p-
methylene)diphosphate (APCP).

In one embodiment, these antibodies do not inhibit the enzymatic activity of CD73 as
a soluble recombinant CD73 protein, e.g. the antibodies are not capable of inhibiting the
enzymatic activity of soluble human dimeric CD73 polypeptide when the antibodies are in a
setting/configuration where they not capable of forming oligomers, e.g. when they are

provided at a substantial molar excess (e.g. at least 10-fold, 20-fold, 100-fold, etc.) to the
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CD73 polypeptide dimers. For example, antibodies that inhibit CD73 by causing intracellular
internalization of CD73 (e.g. BMS-986179) or antibodies designed to inhibit membrane-
bound CD73 but not necessarily soluble CD73 (e.g. oleculmab and/or humanized 1E9
antibody) may not capable of inhibiting the enzymatic activity of soluble human dimeric
CD73 polypeptide when the antibodies are in a setting/configuration where they not capable
of forming oligomers. Because residual CD73 enzymatic activity can result in sufficient
adenosine generation to mediate immunosuppressive effects, high levels of antibody-
mediated enzyme blockade are advantageous in order to mediate a therapeutic effect. The
treatment methods and compositions herein that make use of combinations with antibodies
that inhibit sCD39 can be particularly useful to enhance the activity of such antibodies.

In one embodiment, the anti-CD73 antibody is MEDIS447 (oleclumab; see PCT
publication no. WO2016/075099), or an antibody that shares a common determinant or
epitopic site on CD73 therewith. In one embodiment, the therapeutic anti-CD73 antibody is
BMS-986179 (see PCT publication no. W0O2016/081748), or an antibody that shares a
common determinant or epitopic site on CD73 therewith. In one embodiment, the therapeutic
anti-CD73 antibody is humanized 1E9 (see PCT publication no. WO2017/100670), or an
antibody that shares a common determinant or epitopic site on CD73 therewith.

In one example, the anti-CD73 antibodies used in accordance of the disclosure do
not cause intracellular internalization of, or more generally down-modulation of, cell surface-
expressed CD73 and/or do not depend thereupon for their CD73-neutralizing activity.
Examples of such antibodies are described in PCT publication nos. WO2016/075099 (e.g.
antibody MEDI9447, oleclumab), W0O2016/055609 (e.g. antibodies 11E1, 6E1, 3C12 and
8C7) and W02016/131950. Oleclumab binds to CD73 at residue in amino acid segments
158-171 and 206-211, e.g. residues V170 K206 and N211 (reference to SEQ ID NO: 1).
Antibodies 11E1, 6E1, 3C12 and 8C7 lose binding to CD73 mutants having a substitution at
residue K136 (with reference to the CD73 polypeptide of SEQ ID NO: 1). Antibodies 11E1,
6E1, 3C12 and 8C7 also lose binding to mutants having substitutions at residues A39, E129,
K133, E134 and A135 (with reference to the CD73 polypeptide of SEQ ID NO: 1), as well as
to mutants having a substitution at residues K97, E125, Q153 and K330 (with reference to
the CD73 polypeptide of SEQ ID NO: 1).

The anti-CD73 antibodies used in accordance of the disclosure can optionally inhibit
the enzymatic activity of CD73 as a soluble recombinant CD73 protein (e.g., the antibodies
are capable of inhibiting the enzymatic activity of soluble human dimeric CD73 polypeptide
when the antibodies are in a setting/configuration where they not capable of forming
oligomers, e.g. when they are provided at a substantial molar excess (e.g. at least 10-fold,
20-fold, 100-fold, etc.) to the CD73 polypeptide dimers). Antibodies 11E1, 6E1, 3C12 and
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8C7 are examples of such antibodies. Assays using soluble CD73 that can be used to
identify such CD73 function blocking antibodies, are provided in PCT publication nos.
W02016/055609 and W0O2016/131950. Such antibodies, when used in combinations with
antibodies that inhibit sCD39 can provide the highest degree of inhibition of adenosine
generation and/or immunosuppression.

Accordingly, an antibody may be an allosteric inhibitor of the CD73 polypeptide, e.g.
the antibody binds human CD73 polypeptide expressed at the surface of a cell, including but
limited to tumor cells, and inhibits the enzymatic (ecto-5 nucleotidase) activity CD73
polypeptide, without interfering with the ability of a substrate of the CD73 polypeptide to bind
the CD73 polypeptide.

Exemplary antibodies are described herein that bind to an epitope on CD73 that is
present on the same face when CD73 is present as a CD73 dimer, e.g., potentially
permitting an antibody to bind bivalently to one CD73 dimer, notably in “closed” position
where the binding sites are spatially further apart. In view of binding to ligand-bound CD73,
the antibodies described herein may be useful for binding to CD73 when bound to AMP,
e.g., in the tumor environment where upstream ADP and/or AMP are present at significant
levels prior to treatment). The tumor microenvironment can be characterized by any
appropriate parameter, for example high levels of ADP (e.g. generated by dying cells), taken
up by CD39 on stromal and cellular infiltrate (e.g. TReg cells) to yield high levels of AMP, as
well as more generally by AMP, adenosine, by presence or levels of CD39 expression or
CD39-expressing cells, by presence or levels of CD73 expression or CD73-expressing cells,
by presence or levels of adenosine receptor expression or adenosine-receptor expressing
cells. Thus, CD73 molecules in the tumor environment may be in the substrate-bound
conformation and the ability to bind and inhibit substrate-bound cellular CD73 (e.g. cells
expressing CD73 pre-incubated with substrate such as AMP) in addition to non-substrate
bound CD73 may provide greater ability to inhibit CD73 in vivo. Optionally, levels of ADP or
AMP (and/or ATP or adenosine) can be assessed in the tumor environment prior to
treatment. The antibodies may have a particular advantage for treatment in an individual
having significant levels (e.g. high levels, compared to a reference) ADP, AMP, ATP or
adenosine in the tumor sample.

Exemplary antibodies may bind a human CD73 polypeptide expressed at the surface
of cells and that inhibits the enzymatic (ecto-5 nucleotidase) activity of the CD73
polypeptide, wherein the antibody is capable of binding bivalently to a single CD73
polypeptide dimer (a soluble CD73 polypeptide dimer or a CD73 polypeptide dimer

expressed by a cell). Optionally, the antibody binds with a first antigen binding domain to a
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first CD73 polypeptide within the dimer and with a second antigen binding domain to a
second CD73 polypeptide.

An exemplary antibody may bind a human CD73 polypeptide expressed at the
surface of cells and inhibits the enzymatic (ecto-5' nucleotidase) activity of the CD73
polypeptide, wherein the antibody is capable of binding the CD73 polypeptide in the
substrate-bound conformation.

An agent (e.g. a CD73-binding compound, an anti-CD73 antibody) can be assessed
and selected for its ability to inhibit the enzymatic activity of CD73, notably to block the 5'-
nucleotidase activity of CD73 and to reduce the production of adenosine by a CD73-
expressing cell, and in turn restore the activity of and/or relieve the adenosine-mediated
inhibition of lymphocytes.

The ability of an antibody to inhibit the enzymatic activity of CD73 can be tested in a
cell-free assay using recombinant soluble human CD73 (as dimers) and AMP, where
conversion of AMP to adenosine (and/or inhibition thereof) is detected directly (e.g. by
measurement of substrates and products, i.e. AMP, adenosine and/or phosphate), or
indirectly. In one example, AMP and/or adenosine are detected via HPLC before and after
incubation of the test compound with recombinant CD73. Recombinant CD73 is described,
e.g., in WO2016/055609 and W02016/131950.

The inhibitory activity of an antibody can also be assessed in any of a number of
other ways. For example, in an indirect assay, a luciferase-based reagent is used (e.g.
CellTiter-Glo® system available from Promega), to detect the disappearance of AMP. The
luciferase reaction in the assay is inhibited by AMP. Adding the CD73 enzyme to the
reaction degrades the AMP, and relieves the inhibition, producing a detectable signal.

The assays using soluble CD73 can advantageously involve testing at conditions
where the antibodies are provided at a substantial molar excess (e.g. 10-fold, 20-fold, 50-
fold, 100-fold, etc.) to the CD73 polypeptide dimers. When provided in molar excess to the
enzyme, the anti-CD73 antibodies will no longer be capable of forming multimeric complexes
of antibodies and CD73 dimers; antibodies that retain inhibition of the enzymatic activity of
CD73 can then be selected.

The ability of an antibody to inhibit the 5’-ectonucleotidase enzymatic activity of CD73
can alternatively or in addition also be tested in a cellular assay (using cells that express
CD73). Advantageously, antibodies can be tested or screened first in the cell-free assay to
identify antibodies that block the activity of the enzyme to reduce likelihood of selecting
antibodies that inhibit CD73 by causing internalization of CD73, and then tested as purified
antibody in cellular assays. Cellular assays can be carried out as shown in W0O2016/055609.

For example, a CD73-expressing cell line (e.g. MDA-MB-231 cell line) are plated in flat-
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bottom 96 well plates in presence of anti-CD73 antibodies and incubated. AMP is added to
the cells and incubated at 4°C (to avoid CD73 down-modulation). Plates are then centrifuged
and supernatant is transferred to flat bottom 96 well culture plate. Free phosphate produced
by the hydrolysis of AMP into adenosine is then quantified. A decrease in hydrolysis of AMP
into adenosine in the presence of antibody indicate the antibody inhibits cellular CD73.

In one embodiment, an antibody preparation causes at least a 50% decrease in the
enzymatic activity of a CD73 polypeptide, preferably at least a 60%, 70% or 80% decrease
in the enzymatic activity of a CD73 polypeptide (e.g. a soluble homodimeric CD73
polypeptide; CD73 expressed by cells).

The activity of an antibody can also be measured in an indirect assay for its ability to
modulate the activity of lymphocytes, for example to relieve the adenosine-mediated
inhibition of lymphocyte activity, or to cause the activation of lymphocyte activity. This can be
addressed, for example, using a cytokine-release assay. In another example, an antibody
can be evaluated in an indirect assay for its ability to modulate the proliferation of
lymphocytes.

The antibody can be tested for its ability to internalize or to induce down-modulation
of CD73, e.g. whether by internalization or induction of CD73 shedding from the cell surface.
Whether an anti-CD73 antibody internalizes upon binding CD73 on a mammalian cell, or
whether a CD73 polypeptide undergoes intracellular internalization (e.g. upon being bound
by an antibody) can be determined by various assays including those described in
W02016/055609, for example, the disclosure of which is incorporated herein by reference.

In one example, antibodies can be selected for the ability to inhibit the enzymatic
activity of soluble human dimeric CD73 polypeptide when the antibodies are in a
setting/configuration where they not capable of forming oligomers, e.g. when they are
provided at a substantial molar excess (e.g. at least 10-fold, 20-fold, 100-fold, etc.) to the
CD73 polypeptide dimers. Antibodies that function by causing oligomerization fail to inhibit
CD73 when the antibodies provided at a substantial molar excess to the CD73 polypeptide
dimers. The antibodies furthermore bind an epitope on CD73 that is maintained when CD73
is expressed at the cell surface. Through use of this assay, antibodies can also be identified
that bind bivalently to a single CD73 dimer; such antibodies may have improved CD73-
binding and CD73 blocking activity in vitro and vivo in CD73-expressing cells. The antibodies
identified by these methods were then tested in cellular enzymatic activity assays using
purified antibody, and found to neutralize the enzymatic activity of cellular CD73. Antibodies
that inhibit CD73 by inducing internalization or that lose significant binding to cellular CD73
were less potent and were not able to neutralize enzymatic activity, providing at best only

partial inhibition of the enzymatic activity of CD73 in cells.
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The epitope on CD73 bound by these antibodies is present on CD73 polypeptides as
expressed by a range of cells, e.g. cancer cells, CD4 T cells, CD8 T cells, B cells,
transfected cells, and binds with high affinity as determined by flow cytometry. For example,
an antibody can be characterized by an ECsy, as determined by flow cytometry, that is
comparable to, or of no more than 2-log, optionally 1-log, greater than that of an anti-CD73
antibody described herein (e.g., antibody 6E1), or of no more than 5 pg/ml, optionally no
more than 2 pg/ml, no more than 1 pg/ml, no more than 0.5 pg/ml, no more than 0.1 pg/ml or
no more than 0.05 pg/ml, for binding to cells that express at their surface a CD73
polypeptide. In one embodiment the cells are cells that are made to express CD73 at their
surface. In one embodiment the cells are cells that endogenously express CD73 at their
surface, e.g. cancer cells, leukemia cells, bladder cancer cells, glioma cells, glioblastoma
cells, ovarian cancer cells, melanoma cells, prostate cancer cells, thyroid cancer cells,
esophageal cancer cells or breast cancer cells.

In one embodiment, the CD73 neutralizing antibodies can be characterized by being
capable of causing a decrease in cells’ 5-ectonucleotidase activity of CD73 by at least 60%,
75% or 80%. In one embodiment, the CD73-neutralizing antibodies can be characterized by
an ECso for inhibition of 5-ectonucleotidase activity of CD73 expressed by a cell that is
comparable to, or of no more than that of an antibody described herein, of no more than 2-
log, optionally 1-log, greater than that of an anti-CD73 antibody described herein (e.g.,
antibody 6E1), or no more than 1 pug/ml, optionally no more than 0.5 pg/ml, optionally no
more than 0.2 pyg/ml.

Optionally, inhibition of 5’-ectonucleotidase activity of CD73 expressed by a cell is
determined by assessing neutralization of 5’ ectonucleotidase activity in MDA-MB-231 cells
by quantifying hydrolysis of AMP to adenosine (see, e.g., Example 5 of WO2016/055609).

The epitope on CD73 bound by the neutralizing antibodies disclosed herein does not
result in the down-modulation of CD73 expression on cells (and, e.g., does not cause
clustering and internalization of the antibody-CD73 complex), including when full length
antibodies are used that bind CD73 in bivalent manner. The anti-CD73 antibody thus
remains bound, together with CD73, at the cell surface. In view of the broad tissue
expression of CD73, antibodies that do not trigger CD73 down-modulation and/or
internalization may provide improved pharmacological properties and greater amounts of
antibody in the tumor microenvironment.

In one embodiment, provided is an isolated antibody that specifically binds human
CD73 (e.g. a polypeptide comprising the amino acid sequence of SEQ ID NO: 1) and which
neutralizes the 5-ectonucleotidase activity of a homodimeric human CD73 polypeptide in

solution. In one embodiment, provided is an antibody that binds and inhibits the enzymatic
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activity of a soluble human CD73 polypeptide, notably an antibody that neutralizes the
CD73-mediated catabolism of AMP to adenosine. In one embodiment, the antibody binds
CD73 in bivalent manner. In one embodiment, the antibody is a non-depleting antibody e.g.,
an Fc silent antibody. In one embodiment, the antibody neutralizes CD73 in solution without
reliance on induction of CD73 polypeptide : anti-CD73 antibody oligomers.

In one embodiment, an antibody specifically binds human CD73 at the surface of a
cell and that is capable of neutralizing the 5’-ectonucleotidase activity of a soluble human
CD73 polypeptide. In one embodiment, the antibody does not induce the oligomerization of
the soluble CD73.

In one embodiment, an antibody specifically binds human CD73 at the surface of a
cell and is capable of neutralizing the 5’-ectonucleotidase activity of cellular CD73 (CD73
expressed by cells). In one embodiment, an antibody specifically binds and neutralizes the
5’-ectonucleotidase activity of a human CD73 at the surface of a cell, and is not internalized
into CD73-expressing cells upon binding to CD73. The antibody does not cause
multimerization and subsequence internalization of CD73. In one embodiment, an antibody
binds and is capable of inhibiting the enzymatic activity of a recombinant human CD73
polypeptide in solution, wherein said antibody is not internalized into CD73-expressing cells.
In one embodiment, the non-internalizing antibody binds CD73 in bivalent manner. In one
embodiment, the antibody is a non-depleting antibody, e.g., an Fc silent antibody. The
antibody is capable of neutralizing the 5’-ectonucleotidase activity of a dimeric human CD73
polypeptide in solution, moreover without reliance on induction of oligomers of CD73
polypeptides anti-CD73 antibodies.

In one embodiment, an antibody specifically binds bivalently to human CD73
polypeptides and inhibits the enzymatic activity of cellular human CD73 (and optionally
further recombinant soluble human CD73), wherein said antibody is not internalized into
CD73-expressing cells. Preferably, the antibody substantially lacks Fcy receptor binding (e.g.
via its Fc domain).

In one embodiment, an antibody specifically binds to human CD73 polypeptides and
inhibits the enzymatic activity of cellular human CD73 (and optionally further recombinant
soluble human CD73), wherein said antibody increases or induces intracellular
internalization of CD73 in CD73-expressing cells. Preferably, the antibody substantially lacks
Fcy receptor binding (e.g. via its Fc domain).

In one aspect, an antibody specifically binds human CD73 at the surface of a cell
pre-incubated with AMP, and is capable of neutralizing the 5-ectonucleotidase activity

thereof. Optionally, neutralizing the 5’-ectonucleotidase activity is determined by assessing
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neutralization of 5" ectonucleotidase activity in MDA-MB-231 cells by quantifying hydrolysis
of AMP to adenosine (see, e.g., Example 5 of WO2016/055609).

Optionally, an anti-CD73 antibody can bind to a common antigenic determinant
present on both soluble CD73 and CD73 expressed at the cell surface.

Optionally, an anti-CD73 antibody binds a common antigenic determinant present on
CD73 when it is “open” conformation (when CD73 active site is not occupied by/bound to a
substrate, e.g. AMP, APCP) and “closed” CD73 when it is “closed” conformation (when
CD73 active site is occupied by/bound to a substrate, e.g. AMP, APCP).

In one aspect, an anti-CD73 antibody binds an antigenic determinant within each
CD73 polypeptide chain within a CD73 dimer, e.g., wherein the antigenic determinants are
present on a common face of the CD73 dimer.

In one aspect, an anti-CD73 antibody has reduced binding to a CD73 polypeptide
having an amino acid substitution at a residue in segment 158-171 and/or at a residue in
segment 206-211, e.g. a CD73 polypeptide having an amino acid substitution at any one or
more residues V170 K206 and N211 (reference to SEQ ID NO: 1).

In one aspect, an anti-CD73 antibody has reduced binding to a CD73 polypeptide
having an amino acid substitution at a residue in segment 65-83 and/or at a residue in
segment 157-172 (reference to SEQ ID NO: 1).

In one aspect, an anti-CD73 antibody binds an epitope on CD73 comprising residue
K136 (with reference to SEQ ID NO: 1).

In one aspect, an anti-CD73 antibody binds an epitope on CD73 comprising one,
two, three or four of the residues selected from the group consisting of K97, E125, Q153 and
K330 (with reference to SEQ ID NO: 1).

In one aspect, an anti-CD73 antibody binds that bind an epitope on CD73 comprising
one, two, three, four or five of the residues selected from the group consisting of A99, E129,
K133, E134, and A135 (with reference to SEQ ID NO: 1).

In one aspect, an anti-CD73 antibody binds at least partly within a domain or
segment of amino acid residues on a human CD73 protein (e.g. a CD73 homodimer protein)
comprising the amino acid residues K97, A99, E125, E129, K133, E134, A135, K136, Q153
and K330 (with reference to SEQ ID NO: 1). In one aspect, an anti-CD73 antibody binds an
epitope on CD73 comprising at least one, two, three, four or five, or more, of the residues
selected from the group consisting of K97, A99, E125, E129, K133, E134, A135, K136,
Q153 and K330 (with reference to SEQ ID NO: 1).

In one aspect, an anti-CD73 antibody has reduced binding to a CD73 polypeptide
having a mutation at a residue K136 (with reference to SEQ ID NO: 1); optionally, the mutant
CD73 polypeptide has the mutation: K136A.
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In one aspect, an anti-CD73 antibody has reduced binding to a CD73 polypeptide
having a mutation at a residue selected from the group consisting of: K97, E125, Q153 and
K330 (with reference to SEQ ID NO: 1); optionally, the mutant CD73 polypeptide has the
mutations: K97A, E125A, Q153A and/or K330A (e.g., K97A, E125A and K330A; K97A,
E125A and/or Q153A).
In one aspect, an anti-CD73 antibody has reduced binding to a CD73 polypeptide
having a mutation at a residue selected from the group consisting of: A99, E129, K133,
E134, and A135 (with reference to SEQ ID NO: 1); optionally, the mutant CD73 polypeptide
has the mutations: A39S, E129A, K133A, E134N, and A135S.
In one aspect an anti-CD73 antibody competes for binding to an epitope on CD73
bound by oleclumab, humanized 1E9, BMS-986179, 11E1, 8C7, 3C12 and/or 6E1, (e.g., that
competes for binding to an epitope on a CD73 polypeptide with an antibody having the
heavy and light chain CDRs or variable regions of said antibody).
In one aspect of any of the embodiments herein, an antigen-binding compound binds
the same epitope and/or competes for binding to an epitope on a CD73 polypeptide with
monoclonal antibodies 11E1, 8C7, 3C12 and/or 6E1 (e.g., that competes for binding to a
CD73 polypeptide with an antibody having the heavy and light chain CDRs or variable
regions of any of 11E1, 8C7, 3C12 or 6E1). In one embodiment, an antigen-binding
compound binds the same epitope and/or competes for binding to an epitope on a CD73
polypeptide with an antibody selected from the group consisting of:
(a) an antibody having respectively a VH and VL region of SEQ ID NOS: 3 and 4
(6ET);

(b) an antibody having respectively a VH and VL region of SEQ ID NOS: 40 and 41
(11E1);

(c) an antibody having respectively a VH and VL region of SEQ ID NOS: 42 and 43
(8C7); and

(d) an antibody having respectively a VH and VL region of SEQ ID NOS: 44 and 45
(3C12).

In one embodiment, an anti-CD73 antibody binds an epitope comprising one, two or
three amino acid residues selected from the group consisting of the amino acid residues on
CD73 bound by 11E1, 6E1, 3C12 or 8C7.

In one aspect of any of the embodiments herein, the antibody may have a heavy
and/or light chain having one, two or three CDRs of the respective heavy and/or light chain
of an antibody selected from the group of antibodies consisting of oleclumab, humanized
1E9, BMS-986179, 11E1, 6E1, 3C12 and 8C7.



2018346447 28 May 2025

25

30

35

47

In any of the embodiments herein, the anti-CD73 antibodies can be characterized by
binding to human CD73 polypeptides expressed on the surface of a cell (e.g. a tumor cell, a
cell made to express CD73, e.g. an MDA-MB-231 tumor cell line, or a recombinant host cell
made to express CD73, as shown in WO2016/055609), and optionally further wherein the
antibody binds with high affinity as determined by flow cytometry. For example, an antibody
can be characterized by an in vitro ECso, as determined by flow cytometry, of no more than 5
pg/ml, optionally no more than 1 pg/ml, no more than 0.5 pg/ml, no more than 0.1 pg/ml or
no more than 0.05 pg/ml, for binding to cells that express at their surface a CD73
polypeptide, e.g. tumor cells expressing CD73, cells expressing at their surface a CD73
polypeptide, lymphocytes expressing CD73, etc. Optionally, an antigen-binding compound
has an in vitro ECso of no more than 1 pg/ml, optionally no more than 0.5 pg/ml, no more
than 0.1 pyg/ml, or no more than 0.05 pg/ml for binding to (i) cells expressing at their surface
human CD73 (e.g. a polypeptide having the amino acid sequence of SEQ ID NO: 1) and/or
(ii) cells expressing at their surface human non-human primate CD73 (e.g. a cynomolgus
monkey CD73).

In one aspect of any of the embodiments herein, the anti-CD73 antibody is a
tetrameric antibody comprising two heavy and two light chains, the heavy chains comprising
Fc regions of human isotype and which substantially lack binding to human Fcy receptors
(e.g. CD16A, CD16B, CD32A, CD32B and/or CD64). In one aspect, anti- CD73 antibody
comprises an Fc domain that is modified (compared to a wild-type Fc domain of the same
isotype) to reduce binding between the Fc domain and human CD16A, CD16B, CD32A,
CD32B and/or CD64 polypeptides. In one embodiment, the antibody comprises an amino
acid substitution in a heavy chain constant region at any one, two, three, four, five or more of
residues selected from the group consisting of: 220, 226, 229, 233, 234, 235, 236, 237, 238,
243, 264, 268, 297, 298, 299, 309, 310, 318, 320, 322, 327, 330 and 331 (Kabat EU
numbering). In one embodiment, the antibody has an amino acid substitution in a heavy
chain constant region at any three, four, five or more of residues selected from the group
consisting of: 234, 235, 237, 322, 330 and 331. In one embodiment, the antibody comprises
an Fc domain comprising an amino acid sequence of any of SEQ ID NOS: 59-62.

The amino acid sequence of the heavy and light chain variable regions of antibodies
11E1, 6E1, 3C12 and 8C7 are listed in Table A. In a specific embodiment, the disclosure
provides an antibody that binds the same or essentially the same epitope or determinant as
monoclonal antibodies 11E1, 6E1, 3C12 or 8C7; optionally the antibody comprises the
hypervariable region of antibody 11E1, 6E1, 3C12 or 8C7. In any of the embodiments
herein, antibody 11E1 can be characterized by the amino acid sequences and/or nucleic

acid sequences encoding it. In one embodiment, the monoclonal antibody comprises the
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Fab or F(ab'), portion of 11E1, 6E1, 3C12 or 8C7. Also provided is a monoclonal antibody
that comprises the heavy chain variable region of 11E1, 6E1, 3C12 or 8C7. According to one
embodiment, the monoclonal antibody comprises the three CDRs (e.g., according to Kabat,
Chothia or IGMT numbering) of the heavy chain variable region of 11E1, 6E1, 3C12 or 8C7.
Also provided is a monoclonal antibody that further comprises the variable light chain
variable region of 11E1, 6E1, 3C12 or 8C7 or one, two or three of the CDRs (e.g., according
to Kabat, Chothia or IGMT numbering) of the light chain variable region of 11E1, 6E1, 3C12
or 8C7. Optionally any one or more of said light or heavy chain CDRs may contain one, two,
three, four or five or more amino acid modifications (e.g. substitutions, insertions or
deletions). Optionally, provided is an antibody where any of the light and/or heavy chain
variable regions comprising part or all of an antigen binding region of antibody 11E1, 6E1,
3C12 or 8C7 are fused to an immunoglobulin constant region of the human IgG type,
optionally a human constant region, optionally a human IgG1, 19G2, 1gG3 or IgG4 isotype. In
one embodiment, a human constant region optionally further comprising an amino acid
substitution to reduce effector function (binding to human Fcy receptors). In one
embodiment, a human constant region (optionally a hinge region) optionally further
comprising an amino acid substitution to increase or induce intracellular internalization of
CD73.

An anti-CD73 antibody may for example comprise: a HCDR1 of 6E1 comprising an
amino acid sequence: SYNMY (SEQ ID NO: 46), or a sequence of at least 4 contiguous
amino acids thereof, optionally wherein one or more of these amino acids may be
substituted by a different amino acid; a HCDR2 of 6E1 comprising an amino acid sequence:
YIDPYNGGSSYNQKFKG (SEQ ID NO: 47), or a sequence of at least 4, 5, 6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a HCDR3 of 6E1 comprising an amino acid
sequence: GYNNYKAWFAY (SEQ ID NO: 48), or a sequence of at least 4, 5, 6, 7, 8, 9 or
10 contiguous amino acids thereof, optionally wherein one or more of these amino acids
may be substituted by a different amino acid; a LCDR1 of 6E1 comprising an amino acid
sequence: KASQSVTNDVA (SEQ ID NO: 49), or a sequence of at least 4, 5,6, 7, 8, 9 or 10
contiguous amino acids thereof, optionally wherein one or more of these amino acids may
be substituted by a different amino acid; a LCDR2 of 6E1 comprising an amino acid
sequence: YASNRYT (SEQ ID NO: 50) or a sequence of at least 4, 5 or 6 contiguous
amino acids thereof, optionally wherein one or more of these amino acids may be
substituted by a different amino acid; and/or a LCDR3 of 6E1 comprising an amino acid
sequence: QQDYSSLT (SEQ ID NO: 51), or a sequence of at least 4, 5, 6, 7 or 8

contiguous amino acids thereof, optionally wherein one or more of these amino acids may
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be deleted or substituted by a different amino acid. CDR positions may be according to
Kabat numbering.

In another aspect of any of the embodiments herein, any of the CDRs 1, 2 and/or 3 of
the heavy and light chains may be characterized by a sequence of at least 4, 5, 6, 7, 8, 9 or
10 contiguous amino acids thereof, and/or as having an amino acid sequence that shares at
least 50%, 60%, 70%, 80%, 85%, 90% or 35% sequence identity with the particular CDR or
set of CDRs listed in the corresponding SEQ ID NO.

In any of the antibodies, e.g., 11E1, 8C7, 3C12 or 6E1, the specified variable region
and CDR sequences may comprise sequence modifications, e.g. a substitution (1, 2, 3, 4, 5,
6, 7, 8 or more sequence modifications). In one embodiment, a CDRs 1, 2 and/or 3 of the
heavy and light chains comprises one, two, three or more amino acid substitutions, where
the residue substituted is a residue present in a sequence of human origin. In one
embodiment the substitution is a conservative modification. A conservative sequence
modification refers to an amino acid modification that does not significantly affect or alter the
binding characteristics of the antibody containing the amino acid sequence. Such
conservative modifications include amino acid substitutions, additions and deletions.
Modifications can be introduced into an antibody by standard techniques known in the art,
such as site-directed mutagenesis and PCR-mediated mutagenesis. Conservative amino
acid substitutions are typically those in which an amino acid residue is replaced with an
amino acid residue having a side chain with similar physicochemical properties. Specified
variable region and CDR sequences may comprise one, two, three, four or more amino acid
insertions, deletions or substitutions. Where substitutions are made, preferred substitutions
will be conservative modifications. Families of amino acid residues having similar side
chains have been defined in the art. These families include amino acids with basic side
chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic acid, glutamic acid),
uncharged polar side chains (e.g. glycine, asparagine, glutamine, serine, threonine, tyrosine,
cysteine, tryptophan), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine), beta-branched side chains (e.g. threonine, valine, isoleucine)
and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine). Thus, one or
more amino acid residues within the CDR regions of an antibody can be replaced with other
amino acid residues from the same side chain family and the altered antibody can be tested
for retained function (i.e., the properties set forth herein) using the assays described herein.

The sequences of the variable regions of the antibodies are listed in Table A below (if
leader sequences are present any antibody chain can be specified to start at the amino acid
position immediately following the end of the leader sequence). In any embodiment herein, a

VL or VH sequence can be specified or numbered so as to contain or lack a signal peptide
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or any part thereof. The HCDR1, 2, 3 and LCDR1, 2, 3 of an antibody having the VH and VL
sequences indicated in Table A can optionally be specified as all (or each, independently)
being those of the Kabat numbering system, those of the Chothia numbering system, those

of the IMGT numbering system, or any other suitable numbering system.

Table A
SEQ Amino Acid Sequence of Anti-CD73 antibodies
ID NO:
6E1 VH 3 EFQLOQSGPELVKPGASVKVSCKASGYAFTSYNMYWVKQSHGKRLEWIG
YIDPYNGGSSYNQKFKGKATLTVDKSSSTAYMHLNNLTSEDSAVYYCAR
GYNNYKAWFAYWGQGTLVTVSA
6E1 VL 4 SIVMTQTPKFLLVSAGDRVTITCKASQSVTNDVAWYQQKPGQSPKLLIY

YASNRYTGVPDRFTGSGYGTDFTEFTISTMQAEDLAVYFCQQDYSSLTFEG
AGTKLELK

11E1VH | 40 EIQLQOQSGPELVKPGASVKVSCKASGYAFTSYNMYWVKQSHGKSLEWIG
YIDPYNGGTSYNQKFKGKATLTVDKSSSTAYMHLNSLTSEDSAVYYCAR
GYGNYKAWFAYWGQGTLVTVSA

11E1VL | 41 DAVMTQTPKFLLVSAGDRVTITCKASQSVINDVAWYQOKPGQSPKLLIY
YASNRYTGVPDRFTGSGYGTDEFTEFTISTVQAEDLAVYFCQQDYSSLTFEG
AGTKLELK

8C7 VH 42 EVOLQOQSGPELVKPGASVKVSCKASGYAFASYNMNWVKQSHGKSLDWIG
YIDPYNGGSSYNLTFKGKATLTVDKSSTTAYMHLNSLTSEDSAVYYCAR
GYGNYKAWFAYWGQGTLVTVSAASTKGP

8C7 VL 43 SIVMTPTPKFLLVSAGDRVTITCKASQSVSNDVAWYQQKPGQSPKLLIY
YASTRYTGVPDRFTGSGYGTDEFTEFTISTVQAEDLAVYFCQQDYSSLTFEG
AGTKLELKRTVAAP

3C12VH | 44 QIQLQOSGPELVKPGASVKVSCKASGYAFASYNMNWVKQSHGKSLDWIG
YIDPYNGGSSYNLTFKGKATLTVDKSSTTAYMHLNSLTSEDSAVYYCAR
GYGNYKAWFAYWGQGTLVTVSAASTKGP

3C12VL | 45 DVVMTQTPKFLLVSAGDRVTITCKASQSVSNDVAWYQOKPGQSPKLLIY
YASTRYTGVPDRFTGSGYGTDEFTEFTISTVQAEDLAVYFCQQDYSSLTFEG
AGTKLELKRTVAAP
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In one embodiment, the antibodies are administered to an individual having a cancer
in an amount and frequency sufficient to inhibit the activity of CD73 in the tumor
microenvironment. In one embodiment, the antibodies are administered in an amount and
frequency sufficient to decrease the generation and/or concentration of adenosine in the
tumor microenvironment. In one embodiment, the antibodies are administered in an amount
and frequency sufficient to increase the generation and/or concentration of ATP in the tumor
microenvironment. In one embodiment, the antibodies are administered in an amount and
frequency sufficient to neutralize the activity of CD73 expressed by tumor cells. In one
embodiment, the antibodies are administered in an amount and frequency sufficient to
neutralize the activity of CD73 expressed by CD4 T cells, CD8 T cells and/or B cells.

In one embodiment a small molecule inhibitor of CD73 binds to the dimerization
interface of CD73 and acts as a non-competitive inhibitor. In another embodiment a small
molecule inhibitor of CD73 binds the substrate (ADP) binding site of CD73. In one
embodiment, the inhibitor comprises a purine derivative moiety. In one embodiment, the

inhibitor comprises a moiety according to WO2017/098421, Formula (l):

R R {1y
wherein R is selected from:
aryl,
aryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
iodo,
C1.galkyl,
C1_galkyl substituted with from 1 to 5 substituents, independently selected from:
fluoro, chloro, bromo, iodo, oxo, C4_salkyloxy, -OH, -COOH, -NH2-N(H)C4_salkyl,
-N(C1_salkyl)2 and -CN,
cycloalkyl,
C4.4alkoxy,
C4.4alkoxy substituted with from 1 to 5 substituents independently selected from:
fluoro, chloro, bromo, oxo, -OH and -CN,
-CN,
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-Oaryl,
-C(0)OC(CHs3)s,
-COOH,
-C4.4alkylOC4_4alkyl,
-NO,,

-NH_,

-N(H)C4_4alkyl,
-N(C4_4alkyl)2,
-C4_4alkyINHBoc,
-N(H)aryl,
N(H)C(0)aryl,
N(H)OC(0)C4_4alkyl,
N(H)C(0)C4_4alkyl,
N(H)S(0)2C4_4alkyl,
N(H)S(0)zaryl,
N(H)S(0)zcycloalkyl,
-N(H)S(0).CHzaryl, and
-SO,NH>,

heteroaryl,

heteroaryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
iodo,
C1_galkyl,
C4_galkyl substituted with from 1 to 5 substituents
independently selected from: fluoro, chloro, bromo, iodo, oxo, C4_4alkyloxy, -OH,
-COOH, -NH_,
-N(H)C4_4alkyl, -N(C1_4alkyl)> and -CN, cycloalkyl,
C4_4alkoxy,
C4_4alkoxy substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, -OH and -CN,
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-OH,

-Oaryl,
-C(O)OC(CHa)s,
-COOH,
-C4.4alkylOC4_4alkyl,
-NO,,

-NH,

-N(H)C4_4alkyl,
-N(C4_4alkyl)2,
-C4_4alkyINHBoc,
-N(H)aryl,
N(H)C(O)aryl,
N(H)OC(O)C4_4alkyl,
N(H)C(O)C,_4alkyl,
N(H)S(O)Cq_4alkyl,
N(H)S(O).aryl,
N(H)S(O).cycloalkyl,
-N(H)S(O).CHzaryl, and
SO:NHz,

bicycloheteroaryl,

bicycloheteroaryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
iodo,
Cq_galkyl,
C4_galkyl substituted with from 1 to 5 substituents
independently selected from: fluoro, chloro, bromo, iodo, oxo, C4_4alkyloxy, -OH,
-COOH, -NH:
-N(H)C4_4alkyl, -N(C4_4alkyl)> and -CN, cycloalkyl,
C4_4alkoxy,
C4_4alkoxy substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, -OH and -CN,
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-Oaryl,
-C(O)OC(CHa)s,
-COOH,
-C.4alkylOC_4alkyl,
-NO.,

-NH,
-N(H)C4_4alkyl,
-N(C4_4alkyl)2,
-C4_4alkyINHBoc,
-N(H)aryl,
-N(H)C(O)aryl,
-N(H)OC(O)C_salkyl,
-N(H)C(O)C_salkyl,
-N(H)S(0)C4_salkyl,
-N(H)S

-N(H)S O)zcycloalkyl
-N(H)S(0O).CH.aryl, and
SO2NHz,

(
(
(
(

cycloalkyl, and

cycloalkyl substituted with from one to five substituents independently selected from:

fluoro,

chloro,

bromo,

iodo,

Cq_galkyl,

C4_salkyl substituted with from 1 to 5 substituents
independently selected from: fluoro, chloro, bromo, iodo, oxo, C4_4alkyloxy, -OH,
-COOH, -NH:

-N(H)C4_4alkyl, -N(C4_4alkyl)> and -CN, cycloalkyl,
C4_4alkoxy,

C4_4alkoxy substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, -OH and -CN,
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-C(O)OC(CHa)s,
-COOH,
-C.4alkylOC_4alkyl,
-NO.,

-NH_,
-N(H)C,4_4alkyl,
-N(C4_4alkyl)2,
-C4_4alkyINHBoc,
-N(H)aryl,
-N(H)C(O)aryl,
-N(H)OC(O)C_salkyl,
-N(H)C(O)C_salkyl,
-N(H)S(0)C4_salkyl,
-N(H)S

-N(H)S O)zcycloalkyl
-N(H)S(0O).CH.aryl, and
SO:NH;;

R'is selected from:

(
(
(
(

hydrogen,
C4_4alkyl, and
C4_4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro, -OH, and -NH3;
R? is selected from:
hydrogen,
fluoro,
chloro,
bromo,

iodo,

C4galkyl,

C4_4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro, bromo, iodo, C4_4alkyl, C4_4alkyloxy, -OH, -COOH, -CF3,
-C1.4alkylOC_4alkyl, -NO2, -NH2 and -CN,

C4_4alkyloxy,
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C4_4alkyloxy substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo, and
-OC(O)C4_4alkyl;

R3is selected from:

hydrogen,
fluoro,
chloro,
bromo,

iodo,

C4galkyl,

C4_4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro, bromo, iodo, C4_4alkyl, C4_4alkyloxy, -OH, -COOH, -CF3,
-C1.4alkylOC_4alkyl, -NO2, -NH2 and -CN,

C4_4alkyloxy,

C4_4alkyloxy substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo, and

-OC(0)C4_4alkyl;

R* is selected from:

hydrogen,
fluoro,
chloro,
bromo,

iodo,

C4galkyl,

C4_4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro, bromo, iodo, C4_4alkyl, C4_4alkyloxy, -OH, -COOH, -CF3,
-C1.4alkylOC_4alkyl, -NO2, -NH2 and -CN,

C4_4alkyloxy,

C4_4alkyloxy substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo, and

-OC(0O)Cq_4alkyl; and

R’ is selected from:
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hydrogen,
fluoro,
chloro,
bromo,

iodo,

Cqgalkyl,
C1-4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro, bromo, iodo, C, ,alkyl, C, ,alkyloxy, -OH, -COOH, -CF3,
-C1-4alkylOC, ,alkyl, -NO2, -NH2 and -CN,
C1-4alkyloxy,
C1-4alkyloxy substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo, and
-OC(O)C1_4alkyl;
and pharmaceutically acceptable salts thereof.
Optionally, the compound of Formula () above is represented by the following

Formula (l1Xa):

Rﬁ@ O
R14 N
i
R1C
R13 I“;.I —H"'
R'? R (11%a)
wherein:

R is selected from:
aryl,
aryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
iodo,
Cq-galkyl,
C1-galkyl substituted with from 1 to 5 substituents
independently selected from: fluoro, chloro, bromo, iodo, oxo, C1_4alkyloxy, -OH,
-COOH, -NH2
-N(H)C1-galkyl, -N(C1-galkyl)2 and -CN, cycloalkyl,
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C1-4alkoxy,
C1-4alkoxy substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, -OH and -CN,

-Oaryl,
-C(O)OC(CHa)s,
-COOH,
-C1-4alkylOC1_galkyl,
-NO.,

-NH,

-N(H)C1-galkyl,
-N(C1-galkyl)2,
-C1-4alkylINHBoc,
-N(H)aryl,
-N(H)C(O)aryl,
-N(H)OC(O)C1-galkyl,
-N(H)C(O)C1-galkyl,
-N(H)S(0)2C1-galkyl,
-N(H)S

-N(H)S O)zcycloalkyl
-N(H)S(0O).CH.aryl, and
SO2:NH3,

(
(
(
(

heteroaryl substituted with from one to five substituents independently selected from:

fluoro,

chloro,

bromo,

Cq_galkyl,

C1-galkyl substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, C1_galkyloxy, -OH,
-COOH, -NH:

-N(H)C1_-4alkyl, -N(C1.galkyl)2 and -CN, cycloalkyl,

C1-4alkoxy,

C1-4alkoxy substituted with from 1 to 5 substituents
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independently selected from: fluoro, chloro, bromo, oxo, -OH and -CN,

-COOH,
-NO;,
-NH,
-N(H)C1_4alkyl, and
-N(C1_4galkyl)z,
bicycloheteroaryl,
bicycloheteroaryl substituted with from one to five substituents independently selected from:

fluoro,

2018346447 28 May 2025

chloro,

bromo,

Cq-galkyl,

C1-galkyl substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, C1_galkyloxy, -OH,
-COOH, -NH:

-N(H)C1-galkyl, -N(C1._galkyl). and -CN, cycloalkyl,

C1-4alkoxy,

C1-4alkoxy substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, -OH and -CN,

-COOH,

25 -NOo,
-NH,
-N(H)C1-galkyl, and
-N(C1-galkyl)2,

cycolalkyl, and

30 cycolalkyl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
C1_galkyl,

35 C1_galkyl substituted with from 1 to 5 substituents
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independently selected from: fluoro, chloro, bromo, oxo, C4_galkyloxy, -OH,
-COOH, -NH2z, -N(H) Cq_galkyl, -N(C1_galkyl). and -CN,

cycloalkyl,

C1-4alkoxy,

C1-4alkoxy substituted with from 1 to 5 substituents independently selected from:

fluoro, chloro, bromo, oxo, -OH and -CN,

-COOH,
-NO.,
-NH_,
-N(H) C1-4alkyl, and
-N(C1-galkyl)z;
R" is selected from:
hydrogen, and
C1-galkyl;
R'? is selected from:
hydrogen,
fluoro,
chloro,
bromo,
iodo,
-OH,
C1_galkyl,
C1-4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo,
C1-4alkyloxy,
C1-4alkyloxy substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo, and
-OC(0O)Cq_4alkyl;
R is selected from:
hydrogen,
fluoro,
chloro,
bromo,

iodo,
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-OH,

Cq-galkyl,

C1-4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo,

C1-4alkyloxy,

C1-4alkyloxy substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo, and

-OC(0)Cq_galkyl;

R is selected from:

hydrogen,
fluoro,
chloro,
bromo,

iodo,

Cq-galkyl,

C1-4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo,

C1-4alkyloxy,

C1-4alkyloxy substituted with from one to five substituents independently selected

from: fluoro, chloro and bromo, and -OC(O)C1_4alkyl; and

R is selected from:

hydrogen,
fluoro,
chloro,
bromo,

iodo,

Cq-galkyl,

C1-4alkyl substituted with from one to five substituents independently selected
from: fluoro, chloro and bromo,

C1-4alkyloxy,

C1-4alkyloxy substituted with from one to five substituents independently selected

from: fluoro, chloro and bromo, and
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-OC(0O)Cq_4alkyl;
and pharmaceutically acceptable salts thereof.

Optionally, the compound is represented by the following Formula (l11):

wherein:

R2 s selected from:

2018346447 28 May 2025

phenyl,

phenyl substituted with from one to five substituents independently

selected from:

fluoro,

chloro,

bromo,

iodo,

C1-galkyl,

C1-galkyl substituted with from 1 to 5 substituents independently selected from:
fluoro, chloro, bromo, iodo, oxo, C1_galkyloxy, -OH, -COOH, -NH2
-N(H)C1-galkyl, -N(C1-galkyl)2 and -CN, cycloalkyl,

C1-galkoxy,

C1-4alkoxy substituted with from 1 to 5 substituents independently selected from:

20 fluoro, chloro, bromo, oxo, -OH and -CN,

-Oaryl,

25 -C(O)OC(CH3)3,
-COOH,
-C1-4alkylOC1_galkyl,
-NO2,

-NH2,
30 -N(H)C1-galkyl,
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-N(C1_4alkyl)2,
-C1.4alkyINHBoc,
-N(H)aryl,
N(H)C(O)aryl,
N(H)OC(O)C1q.-galkyl,
N(H)C(O)C1-galkyl,
N(H)S(O)2C1.-4alkyl,
N(H)S(O)2aryl,
N(H)S(O)2cycloalkyl,
-N(H)S(0)2CH2aryl, and
SO2NH2,

heteroaryl,

2018346447 28 May 2025

heteroaryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
C1_galkyl,
C1-galkyl substituted with from 1 to 5 substituents independently selected from:
fluoro, chloro, bromo, iodo, oxo, C4.4alkyloxy, -OH, -COOH, -NH2
-N(H)CHS, -N(CH3)2 and -CN,
C1-4alkoxy,
C1-4alkoxy substituted with from 1 to 5 substituents independently selected from:

fluoro, chloro, bromo, oxo, -OH and -CN,

25 -OH,
-NH2,
-N(H)CH3, and
-N(CH3)2,

bicycloheteroaryl, and

30 bicycloheteroaryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
Cq-galkyl,

35 C1-galkyl substituted with from 1 to 5 substituents independently selected from:

fluoro, chloro, bromo, iodo, oxo, C4_galkyloxy, -OH, -COOH, -NH2
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-N(H)CH3, -N(CH3)2 and -CN,
C1-4alkoxy,
C1-4alkoxy substituted with from 1 to 5 substituents independently selected from:

fluoro, chloro, bromo, oxo, -OH and -CN,

-NH2,
-N(H)CHjs, and
-N(CHs)2;

R?! is selected from:
hydrogen, and
C1-galkyl;

R?? is selected from:
hydrogen,
fluoro,
chloro,

bromo,

C1-4alkyl,

C1-4alkyloxy, and -OC(O)C1.-galkyl;
R?3 is selected from:

hydrogen, fluoro,

chloro,

bromo,

C1_4alkyl,
C1-4alkyloxy, and
-OC(0O)Cq_4alkyl;

R?* is selected from:
hydrogen, fluoro,
chloro,

bromo,
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W
e C1-4alkyl,
N Cq-4alkyloxy, and -OC(0O)C1_galkyl; and
%\' R% is selected from:
z hydrogen, fluoro,
o/o)
~N chloro,
bromo,
; -OH,
g -CN,
x Cq-4alkyl,
0 Cq-4alkyloxy, and
5‘ -OC(0)C1_4alkyl;
@\ and pharmaceutically acceptable salts thereof.

In one embodiment, the CD73 inhibiting agent is a small molecule organic compound
according to the disclosure of PCT publication no. WO2017/153952, for example a

compound according to Formula (I) below:

(I
wherein:
R is selected from:
aryl,
20 aryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
iodo,
25 Cisalkyl,
Cisalkyl substituted with from 1 to 9 substituents independently selected from:
fluoro, chloro, bromo, iodo, oxo, Cisalkyloxy, -OH, -COOH, -NR3'°R320,
-N(H)C14alkyl, -N(C14alkyl)2 and -CN,
cycloalkyl,
30 heteroaryl,
Ci-salkoxy,
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Cisalkoxy substituted with from 1 to 9 substituents independently selected from:

fluoro, chloro, bromo, oxo, -OH, phenyl and -CN,

-Ocycloalkyl,

-Ophenyl,

-C(O)OC(CHa)s,

-COOH,

-C14alkylOC.salkyl,

-NO.,

-NH,

-N(H)C14alkyl,

-N(H)C14alkyl substituted with from 1 to 9 substituents independently selected
from: fluoro, chloro, bromo, oxo, -OH, and -CN,
-N(C14alkyl)z,

-Ci4alkyINHBoC,

-N(H)aryl,

-N(H)C(O)aryl,

-N(H)OC(O)C14alkyl,

-N(H)C(O)C14alkyl,

-N(H)S(0).C1-4alkyl,

-N(H)S(O).cycloalkyl,

-N(H)S(O)2phenyl,

-SCisalkyl,

-SCisalkyl substituted with from 1 to 9 substituents independently selected from:
fluoro, chloro, bromo, oxo, -OH, and -CN,
-SO2NH;, and

heteroaryl,

heteroaryl substituted with from one to five substituents independently selected from:

fluoro,
chloro,
bromo,
iodo,
Cisalkyl,
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Cisalkyl substituted with from 1 to 9 substituents independently selected from:
fluoro, chloro, bromo, iodo, oxo, -OH, -NR3'°R320 and -CN, aryl,
C1-4alkoxy,

-COOH,
-NO,,
-IMH2, and
SO2:NH3,

bicycloheteroaryl,

bicycloheteroaryl substituted with from one to five substituents independently selected from:

fluoro,

chloro,

bromo,

iodo,

Cisalkyl,

Cisalkyl substituted with from 1 to 9 substituents independently selected from:

fluoro, chloro, bromo, iodo, oxo, -OH, -COOH, -NR3'°R32°, and -CN,
-C(O)0C1salkyl,

cycloalkyl,

aryl,

Ci.salkoxy,

Cialkoxy substituted with from 1 to 5 substituents

independently selected from: fluoro, chloro, bromo, oxo, -OH and -CN,

-Ophenyl,

-COOH,

-NO.,

-NH,
-N(H)C14alkyl,
-N(C14alkyl)z,
-N(H)aryl, and
-N(H)C(O)aryl; and
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R' and R? are independently selected from:
hydrogen,
Cisalkyl,
Cisalkyl substituted with from one to five substituents independently selected
from: fluoro, chloro, oxo, -OH, and -NH,
fluoro,
chloro,
bromo,
iodo,
-N(H)C16alkyl,
-N(H)C16alkyl substituted with from 1 to 9 substituents independently selected
from: fluoro, chloro, oxo, -OH, -NH>, phenyl, substituted phenyl, heteroaryl, and
substituted heteroaryl;
where,
R31% and R3%° are independently selected from hydrogen and C+-Caalkyl, or R3'° and R3%° are
taken together with the nitrogen to which they are attached to form a 5 to 6 member
heterocyclic ring containing up to one other heteroatom selected from oxygen and nitrogen;
or a pharmaceutically acceptable salt thereof.

Optionally, the Formula (I) above is represented by the following Formula (Il):

O

()
Wi af H'H:'
h'-sN,f -

H

R (Il
wherein
R'0 is selected from:
aryl,
aryl substituted with from one to five substituents independently selected from:
fluoro,
chloro,
bromo,
Ci-ealkyl,
Cisalkyl substituted with from 1 to 5 substituents independently selected from:
fluoro, chloro, bromo, iodo, oxo, C1-4alkyloxy, -OH, -COOH, and -NR3''R32",
cycloalkyl,
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heteroaryl,
Cisalkoxy,
Cisalkoxy substituted with from 1 to 5 substituents independently selected from:

fluoro, chloro, bromo, oxo, -OH, phenyl and -CN,

-Ocycloalkyl,

-Ophenyl,

-COOH,

-NO2,

-NH2,

-N(H)C14alkyl,

-N(H)C14alkyl substituted with from 1 to 5 substituents independently selected
from: fluoro, chloro, bromo, oxo, -OH, and -CN,

-N(C14alkyl)s,

H)OC(O)CMaIkyI

H)C(O)C14alkyl,

S(0)2C14alkyl,

S(O).cycloalkyl,

-N(H)S(O)2phenyl,

-SCisalkyl,

-SCisalkyl substituted with from 1 to 5 substituents independently selected from:
fluoro, chloro, bromo, oxo, -OH, and -CN, and

-SO:NH,

heteroaryl substituted with from one to five substituents independently selected from:

fluoro,

chloro,

bromo,

iodo,

Cisalkyl,

Cisalkyl substituted with from 1 to 5 substituents independently selected from:

fluoro, chloro, bromo, iodo, oxo, -OH, -NR®*'"R3?! and -CN,
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aryl,

Ci.salkoxy,

-COOH,
-NO;,
-IMH,, and
SO2:NH3,
bicycloheteroaryl,
bicyclohetero<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>