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USE OF A MULTIMERIC ANTI-DRS BINDING MOLECULE IN
COMBINATION WITH A CANCER THERAPY FOR TREATING CANCER

CROSS-REFERENCE TO RELATED APPLICATIONS

{3601} This application claims the benefit of U.S. Provisional Patent Application Serial
Nos. 63/023,635, filed May 12, 2020; 63/078,747, filed September 15, 2020; 63/114,990,
filed November 17, 2020, 63/131,698, filed Becember 29, 2020 and 63/136,156, filed

Jannary 11, 2021, which are cach mcorporated herein by reference in their entiretics.

SEQUENCE LISTING

{0002} The instant application contains a Sequence Listing which has been submitted
clectronically in ASCH format and is hereby incorporated by reference in its entirety. The
ASCH copy was created on May 11, 2021, is named 030WQO-Sequence-Listing, and i3

135,726 bytes in size.

BACKGROUND

{0003} Antibodies and antibody-like molecules that can multimerize, such as IgA and IgM
antibodics, have emerged as promising dug candidates in the fields of, e.g., iovvuno-
oncology and infectious discases allowing for improved specificity, improved avidity, and
the ability to bind fo multiple binding targets. Sce, ¢.g., U.S. Patent Nos. 9,951,134,
9,938,347, 10,351,631, and 10,400,038, U.S. Patent Application Publication Nos. US
2019-0100597, US 2018-0009897, 1S 2019-0330374, US 2019-0330360, US 2019-
0338040, US 2019-0338041, US 2019-0185570, US 2018-0265596, US 2018-0118816,
US 2018-01 18814, and US 2019-0002566, and PCT Publication Nos. WO 2018/187702,
WO 2019/165340, and WO 2019/169314, the contents of which are incorporated herem
by reference in their entireties.

{6604} Multimenc IgA or IgM antibodies present a useful tool for apphication to specific
biclogical systerns i which muluple components necessarily must be bound
simultaneously o transmit biological signals. For instance, many receptor proteins on the
surface of enkarvotie cells require the simoltancous activation of multiple monomers or
subunits to achieve activation and transmission of a biological signal across a cell

membrane, to the cytoplasm of the cell.
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{B005]  One such receptor 1s the apoptosis-inducing Tumor Necrosis Factor (TNF) receptor
superfamily proteins BRS (also referred to as TRAILR2). DRS activation requires that at
least three non-interacting recepior monomers be cross-linked, e.g., by a TRAIL ligand or
agonist antibody, to form a stabilized roceptor trimer, resulting in signal transduction
across the cell membrane. Clustenng of DRS protein trimers into “rafis” of tnmers can
lead to more effective activation the signaling ¢ascade.

{B006]  Toterest- in PR3 1s heightoned due to the finding that it 15 expressed 1o bladder cancer
(Li et al, Urology, 79(4):968.¢7-13, (2012}), gastric cancer (Lim er ol., Carcinogen.,
32(5).723-732, 2011}), ovanan cancer (hang ef af, Mol Med Rep., 6{2}.316-320,
(2012)), pancreatic ductal adenocarcinoma (Rajeshkumar ef o, Mol Caoncer Ther.,
9(9):2583-92, (2010}), oral squamous cell carcinoma (Chen ef al. Oncotarger 4.206-217,
{2013)) and non-small cell hing cancer (Reck ef al, Lung Canc., 82(3}3.441-448, (2013}).
The current standard of care for certain of these cancers includes radiation or
chemotherapeutic agents that dismpt cellular growth and metabolism, e.g . by blocking
DNA synthesis, blocking cell division, or promoting apoptosis.

{80077 While certaim anti-DRS monoclonal antibodies, such as Tigatuzumab {CS5-1008,
Daiicht Sankyo Co. Ltd,, disclosed in U.S. Patent No. 7,244.429), have been found to be
effective in vitro and in vive even without addutional cross-linkers added, these antibodies
have not resulied in significant clinieal efficacy. (See, Reck er ol 2013}, More recently
though, several different anti-DRS IgM antibodics have been shown to have much higher
efficacy both in vifro and in vivo. See, e.g., U.S. Patent Appl. Publication No. 2018-
0009897, which 1s incorporated heren by reference in its cotirety.

{3008]  Better therapies and enhancements to existing theraptes for difficult to treat tumors

are needed, including combination therapics with anti-DRS IgM antibodies.

SUMMARY

{6665]  Provided herein is a method for johibiting, delaving, or reducing malignant cell
growth in a subject with cancer, comprising admimstering to a subject in need of treatment
a combination therapy comprising: {(a) an cffective amount of a dimeric IgA or IgA-like
antibody or a hexameric or pentameric IgM or IgM-like antibody, or a multimerized
antigen-binding fragment, variant, or derivative thereof that specifically and agonistically
binds to DR3, wherein three or four of the antigen binding domains of the IgA or IgA-like

antibody or multimerized antigen-binding fragment, vanant, or derivative thereof or three
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to twelve of the antigen binding domains of the IgM or IgM-like antibody or multimerized
antigen-binding fragment, variant, or derivative thereof are DRS-specific and agonistie;
and (b} an effective amount of a cancer therapy, wherein the cancer therapy comprises
radiation, a folic acid analog. a platinum-based agent. a taxane, a topoisomerase
inhubitor, second mitochondria~denived activator of caspases (SMAC) mimetic, a vinca
alkaloid, a Brutons tyrosine kinase (BTK) mhibitor, a phosphoinositide 3-kinase delta
(PI3K3) mhibitor, a myeloid cell leukemia~1 (Mcl-1} intubitor, an anti-VEGF antibody, or

any combination thereof,

{B#018]  Provided herein is a method for inhibiting, delaying, or reducing malignant cell

growth in a subject with cancer in need of treatment, comprising administering an effective
amount of a pentameric or hexameric IgM or IgM-like antibody or a dimeric IgA or IgA-
like antibody, or a multimenzed antigen-binding fragment, variant, or denvative thereof
that specifically and agonistically binds to DR35, where three to twelve of the antigen
binding domains of the IgM or IgM-like antibody or multimerized antigen-binding
fragment, variant, or dertvative thercof or three or four of the antigen binding domains of
the IgA or IgA-like antibody or multimerized antigen-binding fragment, variant, or
derivative thereof are DRS-specific and agonistic, where the pentameric or hexameric IgM
or IgM-like antibody or the dimeric IgA orIgA-like antibody, or the multimerized antigen-
binding fragment, vanant, or derivative thereof 1s admimstered with an effective amount
of a cancer therapy, where the cancer therapy comprises a second mitochondria~-derived
activator of caspases {(SMAC) mimetic, radiation, a folic acid analog, a platinum-based
agent, a taxane, a topoisomerase I inhibitor, a vinca alkaloid, a Bruton’s tyrosine kinase

~

(BTK) inhibitor, a phosphoinositide 3-kinase delta (PI3KS) inhibitor, a myeloid cell

leukemia-1 (Mcl-1} inhibitor, an anti-VEGF antibody, or any combination thereof

{6011}  Provided herein is a method for inhibiting, delaying, or reducing malignant cell

growth in a subject with cancer 1 need of treatment, comprising administering an effective
amount of a cancer therapy, where the cancer therapy comprises a second mitochondria-
dertved activator of caspases (SMAC) mimetic, radiation, a folic acid analog, a platinam-
based agent, a taxane, a topoisomerase {f inhibitor, a vinca alkaloid, a Bruton’s tyrosing
kinase (BTK)} inhibitor, a phosphoinositide 3-kinase delta (PI3KS) inhibitor, amyelod cell
leukenia-1 (Mcl-1} inhibitor, an anti-VEGF antibody, or any combination thereof, where
the cancer therapy is admimistered with a pentameric or hexameric IgM or IgM-like

antibody or a dimeric IgA or IgA-like antibody, or a multimerized antigen-binding
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fragment, variant, or derivative thereof that specifically and agonistically binds to DR3S,
where three to twelve of the antigen binding domains of the IgM or IgM-like antibody or
multimerized antigen-binding fragment, variant. or derivative thereof or three or four of
the antigen binding domains of the IgA or IgA-like antibody or raultimerized antigen-

binding fragment, variant, or derivative thereof are DRS-specific and agonistic.

{8812} Provided herein is a method for inducing apoptosis in a cancer cell in in a subject

with cancer in need of treatment, comprising admmistering to the subject a combmation
therapy comprising: {a} an effective amount of a pentameric or hexamene g or IgM-
like antibody or a dimeric IgA or IgA-hike antibody, or a multimerized antigen-binding
fragment, vatiant, or dervative thereof that specifically and agonistically binds to DRS,
where three fo twelve of the antigen binding domains of the IgM or IgM-like antibody or
multimerized antigen-binding fragment, variant, or derivative thereof or three or four of
the antigen binding domains of the IgA or IgA-like antibody or multimerized antigen-
binding fragment. variant, or denivative thereof are DR3-specific and agonistic; and (b} an
cffective amount of a cancer therapy, where the cancer therapy comprises a second
mitochondria~-derived activator of caspases (SMAC) mimetic, radiation, a folic acid
analog, a platinum-based agent, a taxane, a topoisomerase H inhibitor, a vinca alkaloid, a
Bruton’s tyrosine kinase (BTK) mhibitor, a phosphoinositide 3-kinase delta (PI3KS)
inhibitor, a myeloid cell leukenua- (Mcl-1) inhibitor, an anti-VEGF antibody, or any

combination thereof.

{8013] Provided hercin is a method for inhibiting, delaving, or reducing malignant cell

growth in a subject with cancer in need of treatment, comprising administering an effective
amount of a pentameric or hexameric IgM or IgM-like antibody or a dimeric IgA or IgA-
like antibody, or a multimerized antigen-binding fragment, variant, or derivative thercof
that specifically and agonistically binds to DR3, where three to twelve of the antigen
binding domains of the IgM or IgM-hike antibody or multimenized antigen-binding
fragment, variant, or derivative thereof or three or four of the antigen binding domains of
the IgA or IgA-like antibody or multimenized antigen-binding fragment, variant, or
derivative thereot are DR 5-specific and agonistic, where the pentameric or hexameric IgM
or igM-like antibody or the dimeric IgA or IgA-like antibody, or the multimerized antigen-
binding fragment, variant, or dertvative thereof is administered with an effective amount
of a cancer therapy, where the cancer therapy comprises a second mitochondria-derived

activator of caspases (SMAC) mimetic, radiation, a folic acid analog, a platinum-based
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agent, a taxane, a topoisomerase H inhibitor, a vinca alkalowd, a Bruton’s tyrosine kinase
(BTK) inhubitor, a phosphoinositide 3-kinase delta (PI3KS) inhibitor, a myeloid cell

leukemia-1 (Mcl-1}) inhibitor, an anti-VEGF antibody, or any combination thereof

{0014}  Provided herein is a method for mnducing apoptosis in a cancer cell in in a subject

N

with cancer in need of treatment, comprising administering an effective amount of an

effective amount of a cancer therapy, where the cancer therapy comprises a second

mitochondra-~denved activator of caspases (SMAC) numetic, radiation, a folic acid

analog, a platinum-based agent, a taxane, a topoisorserase T mhibitor, a vinca alkaloid, a

Bruton’s tyrosine kinase {BTK) mbubitor, a phosphoinositide 3-kinase delta {PI3KS)

10 inhibitor, a mycloid cell loukemia-1 (Mcl-1) inhibitor, an anti-VEGF antibody, or any
combination thercof, where the cancer therapy is adounistered with a pentameric or
hexameric IgM or IgM-like antibody or a dimeric IgA or IgA-like antibody, or a
multimerized antigen-binding fragment, variant, or derivative thersof that specifically and
agonistically binds to DRS, where three to twelve of the antigen binding domains of the

15 IgM or IgM-like antibody or multimerized antigen-binding fragment, variant, or derivative
thereof or three or four of the antigen binding domains of the IgA or IgA-like antibody or
multimerized antigen-binding fragment, variant, or derivative thereof are DR3-specific
and agonistic.

{8015}  In some embodiments, the cancer therapy comprises a folic acid analog. In some

20 embodiments, the folic acid analog comprnises feucovorin.

{6616} In some embodiments, the cancer therapy comprises a platinum-based agent. In
some crobodiments, the platinum-based agent comprises oxaliplatin, carboplatin, or a
combination thereof In some embodiments, the platinom-based agent comprises
oxahiplatin. In some embodiments, the platinum-based agent comprises carboplatin.

35 06177 In some cmbodiments, the cancer therapy compuses a taxane. In some
embodiments, the taxane compnses paclitaxel In some embodiments, the pachtaxel
comprises solvent-based paclitaxel, nab-paclitaxel, or a combination thereof. In some
embodiments, the paclitaxel comprises solvent-based paclitaxel. In some embodiments,
the paclitaxe! comprises nab-paclhitaxel.

30 [0318]  Insome embodiments, the cancer therapy comprises a topoisomerase H inhubitor. In

some embodiments, the topoisomerase H inhibitor comprises an anthracveline. In some

embodiments, the anthracycline comprises doxorubicia. In some cmbodiments, the

topoisomerase H inhibitor comprises etoposide.
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18] In some embodiments, the cancer therapy comprises a SMAC nmumetic. Tn some
embodiments, the SMAC mimetic comprises birmgpant, GDC-0152, HGS-
1029/AEG40826, Debiol143, APG-1387, ASTX6E6{, or a combination thercof. In some
embodiments, the SMAC mimetic comprises a bivalent SMAC sumetic. In some
embodiments, the SMAC mimetic compriscs birinapant. In some embodiments, the
SMAC numetic comprises APG-1387. In some cmbodiments, the SMAC mimetic
comprises GDC-0152. In some embodunents, the SMAC nunctic comprises HGS-
1029/AEG40826. In some embodiments, the SMAC mimetic comprises Debio1143. In
some embodiments, the SMAC mimetic comprises ASTX660. In some embodiments, the
SMAC mimetic comprises a monovalent SMAC mimetic.

28] In some emboduments, the cancer therapy comprises a vinca alkaloid. In some
embodiments, the vinca alkaloid comprises vineristine.

21} In some embodiments, the cancer therapy comprises a BTK inhibitor. In some
embodiments, the BTK inhibitor comprises thrutinib.

22} In some embodiments, the cancer therapy comprises a PI3KS inbibitor. Tn some
embodiments, the PI3KS inhibitor comprises idelalisib.

23] In some cmbodiments, the cancer therapy comprises a Mcl-1 inhibitor. In some
embodiments, the Mcl-1 inhibitor comprises MIK665.

241 In some embodiments, the cancer therapy comprises an anti-VEGF antibody. In
some embodiments, the anti-VEGE antibody is bevacizamab.

251 In some embodiments, the cancer therapy comprises radiation.

261 In some embodiments, the method further comprises administering an effective
amowunt of an additional cancer therapy. In some embodiments, the additional cancer
therapy comprises a topoisomerase | indubitor, a nucleoside analog, a platinum-based
agent, or any combination thereof. In some crabodiments, the additional cancer therapy
comprises atopoisomerase T inhibitor. In some embodiments, the topoisomerase T inhubitor
comprises irinoctecan, topotecan, or a combination thereof. In some embodiments, the
topoisomerase | inhibitor comprises irinotecan. In some embodiments, the additional
cancer therapy comprises a nuclcoside analog. In some emboduments, the nucleoside
analog comprises fluorouracil (3-FU), gemcentabine, or any combination thereof. In some
embodiments, the nucleostde analog comprises fluorouracil (5-FU). In some

embodiments. the nucleoside analog comprises gemcitabine.
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{60271 o some embodiments, the cancer is a hematologic cancer or a solid tumor. In some
embodiments, the cancer is a hematologic cancer. In some embodiments, the hematologic
cancer is leukemia, lvmphoma, myeloma, any metastases thereof, or any combination

thereof. In some embodiments, the bematologic cancer 15 acute myeloid leukenua (AML),

N

chronic myeloid feukemia (CML), acute lymphocytic leukemia (ALL), small Iymphocytic

lymphoma (SLL}, chronic lymphocytic leukemia, hairy cell leukemia, Hodgkin

lynpboma, non~Hodgkm lymphoma, multiple roveloma, any metastases thereof, or any
combination thercof. In some embodiments, the hematologic cancer is acute myeloid
leukemia (AML). In some embodiments, the cancer therapy comprises doxorabicin,

16 {8028}  Insome cmbodiments, the cancer is a solid tumor. In some embodiments, the cancer
is bladder cancer, colorectal cancer, sarcoma, gastric cancer, lung cancer, pancreatic
cancer, melanoma, ovarian cancer, head and neck cancer, or breast cancer.

{86291  In some embodiments, the cancer s sarcoma. In some embodiments, the sarcoma is
fibrosarcoma, chondrosarcoma. or osteosarcoma. In some embodiments, the sarcoma is

15 fibrosarcoma. In some embodiments, the cancer therapy comprises doxorubicin

{30308}  In some cmbodiments, the cancer is colorectal cancer. In some embodiments, the
cancer therapy comprises oxaliplatin. In some embodiments, the additional therapy
comprises 5-FU. In some embodiments, the cancer therapy comprises leucovoria, In some
embodiments, the additional therapy comprises oxaliplatin or innotecan.

20 (8631}  Insome embodiments, the cancer is gastric cancer. In some embodiments, the cancer
therapy comprises carboplatin, In some embodiments, the cancer therapy comprises
oxaliplatin. In some embodunents, the cancer therapy comprises paclitaxel.

{3032]  In some embodiments, the cancer is hing cancer. In some embodiments, the long
cancer is non-small cell lung cancer (NSCLC). In some embodiments, the cancer therapy

25 comprises carboplatin. In some embodiments, the cancer therapy comprises paclitaxel.

{86331  In some embodiments, the cancer is pancreatic cancer. In some embodiments, the
cancer therapy comprises paclitaxel. In some embodiments, the additional therapy
comprises gemcitabine.

{0034}  Ton some embodiments, the cancer is head and veck cancer. In some erabodiments,

30 the head and neck cancer is head and neck sarcoma. In some embodiments, the cancer is

breast cancer. In some embodiments, the breast cancer s triple negative breast cancer

(TNBC). In some embodiments, the cancer therapy comprises a SMAC mimetic.



10

25

30

WO 2021/231639 PCT/US2021/032078

{B035] 1o some embodiments, the three or four antigen-binding domains or the three to

twelve antigen-binding domains of the antibody or multimerized antigen-binding
fragment, variant, or derivative thereof comprise a heavy chain variable region (VH) and
a light chain variable rogion (VL), wherein the VH and VL comprise six inununoglobulin
complementarity determining regions HCDRI, HCDR2, HCDR3, LCDRI, LCDRZ,
LCDR3, wherein the HCDR1, HCDRZ, HCDR3S, LCDRI, LCDRZ, and LUDR3S comprise
the CDRs of an antibody comprising the VH and VL amino acid sequences SEQ 1D NG:
I and SEQ ID NG: 2; SEQ ID NO: 3 and SEQ ID NO: 4; SEQ ID NG: 5 or SEQ ID NG
90 and SEQ ID NQG: 6; SEQ ID NG 7 and SEQ ID NG: 8, SEQ ID NO: 9 and SEQ 1D
NO: 10; SEQ ID NO: 11 and SEQ 1D NO: 12; SEQ [D NO: 13 and SEQ 1D NO: 14; SEQ
D NO: 15 and SEQ ID NO: 16; SEQ 1D NO: 17 and SEQ 1D NO: 18; SEQ ID NOG: 19
and SEQ ID NO: 20; SEQ ID NO: 21 and SEQ 1D NO: 22; SEQ 1D NO: 23 and SEQ ID
NG 24 SEQ 1D NG: 25 and SEQ ID NG 26; SEQ 1D NO: 27 and SEQ ID NG 2€; SEQ
3 NO: 29 and SEQ 1D NO: 30; SEQ 1D NO: 31 and SEQ 1D NO: 32; SEQ ID NO: 33
and SEQ 1D NO: 34; SEQ 1D NO: 35 and SEQ 1D NO: 36; SEQ 1D NO: 37 and SEQ ID
NQO: 38; SEQ ID NO: 39 and SEQ 1D NO: 40; SEQ ID NO: 41 and SEQ D NO: 42; SEQ
D NO: 43 and SEQ ID NO: 44; SEQ 1D NO: 45 and SEQ ID NO: 46; SEQ 1D NO: 47
and SEQ 1D NO: 48; SEQ ID NO: 49 and SEQ 1D NO: 50; SEQ 1D NO: 51 and SEQ ID
NG 52: SEQ TP NG: 53 and SEQ ID NO: 54; SEQ 1D NOG: 55 and SEQ ID NG: 56; SEQ
ID NO: 82 and SEQ ID NO: 83: SEQ ID NO: 84 and SEQ ID NO: 85, SEQ ID NO: &6
and SEQ 1D NO: 87; or SEG 1D NO: 88 and SEQ 1D NO: 89; respectively, or the ScFv
sequence SEQ ID NO: 57, SEQ 1D NO: 58, SEQ 1D NO: 59, SEQ ID NG: 60, SEG ID
NO: 61, SEQ ID NO: 62, SEQ 1D NG: 63, SEQ 1D NO: 64, SEQ ID NG: 65, SEQ ID NO:
66, SEQ 1D NG: 67, SEQ ID NO: 68, SEQ 1D NG: 69, SEQ ID NG 70, SEQ 1D NO: 71,
SEQ 1D NO: 72, or SEQ ID NO: 73 or the six CDRs with one or two amino acid

and

substitutions in one or more of the CDRs.

{8836] In some embodiments, the three or four antigen-binding domains or the three to

twelve antigen-binding domains of the antibody or multimerized antigen-binding
fragment, variant, or derivative thereof comprise a heavy chain variable region (VH}) and
a light chain vanable region (VL), wherein the VH and VL comprise six imnumoglobulin
complementarity determimung regions HUCDR1Y, HCDR2, HCDR3, LOCDRI, LCBR2, and
LUDR3, wherein the HCDRI, HCDR2, HCDR3, LCDRY, LCDR2, and LCDR3 comprise

-8
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the CDRs of an antibody comprising the VH and VL amino acid sequences SEQ 1D NG:
SorSEQIDNG: 90 and SEQ IDNG: 6; or SEQGIDNO: 7 and SEQ ID NO: 8, respectively.

0371 In some embodiments, the three or four antigen-binding domains or the three to

twelve antigen-binding domains of the antibody or owitimerized antigen-binding
fragment, variant, or derivative thereof comprise a heavy chain vanable region (VH) and
a light chain variable region (VL), wherein the VH and VL comprise six immunoglobulin
complementarity determining regions HCDRI, HCDR2, HCDR3, LCDRI, LCDR2, and
LCDR3, wheren the HCDRI1, HCDR2, HCDR3, LCDRI, LCDR2, and LCDR3 comprise
the CDRs of an antibody comprising the VH and VL amino acid sequences SEQ 1D NO:
5 or SEQ 1D NO: 90 and SEQ 1D NO: 6, respectively. In some cmbodiments, the three or
four antigen-binding domains or the three to twelve antigen-binding domains of the
antibody or multimenzed antigen-binding fragment, variant, or denvative thereof
comprise a heavy chain vanable region (VH) and a light chain variable region (VL},
wherein the VH and VLU comprise six inununoglobulin complementarity deternuning
regions HCDRIY, HCDRZ, HCDR3, LCDR 1, LCDR2, and LCDR3, wherein the HCDRI,
HCDR2, HCDR3, LCPRI, LCDR2, and LCDR3 comprise the CDRs of an antibody
comprising the VH and VL amino acid sequences SEQ 1D NOG: 7 and SEQ 1D NO: 8,

respectively.

[6638] In some cmbodiments, the three or four antigen-binding domains or the three to

twelve antigen-binding domains of the antibody or multimerized antigen-binding
fragment, variand, or devivative thereof comprise an antibody VH and a VL, wherein the
VH and VL comprise amino acid sequences at least 90% identical to SEQ ID NO: 1 and
SEQID NG: 2. SEQID NO: 3 and SEQ ID NG 4, SEQ ID NO: 5 0r SEQ ID NO: 90 and
SEQ ID NO: 6; SEQ 1D NG: 7 and SEQ ID NG 8, SEQ 1D NO: 9 and SEQ 1D NO: 16
SEQ IDNO: i and SEQ IDNG: 12, SEQ ID NG: 13 and SEQ 1D NO: 14, SEQ IDNO:
15 and SEQ 1D NGO 16; SEQ ID NO: 17 and SEQ ID NO: 18; SEQ ID NG: 19 and SEQ
D NO: 20; SEQ 1D NG: 21 and SEQ 1D NG: 22; SEG ID NO: 23 and SEQ 1D NG 24
SEQ ID NO: 25 and SEQ 1D NO: 26; SEQ ID NO: 27 and SEQ ID NO: 28, SEG ID NG
29 and SEQ ID NO: 30; SEQ ID NO: 31 and SEQ 1D NO: 32; SEQ 1D NO: 33 and SEQ
10 NG: 34, SEQ ID NO: 35 and SEQ ID NG: 36; SEQ 1D NO: 37 and SEQ 1D NO: 38;
SEQ ID NQG: 39 and SEQ ID NG 40; SEQ D NO: 41 and SEQ ID NO: 42; SEQ ID NO:
43 and SEQ 1D NO: 44; SEQ 1D NO: 45 and SEQ 1D NO: 46; SEG 1D NO: 47 and SEQ
D NO: 48; SEQ ID NG: 49 and SEQ ID NO: 50; SEQ ID NG: 51 and SEQ 1D NG §2;
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SEQ ID NO: 53 and SEQ ID NG: 54; SEQ 1D NO: 53 and SEQ ID NO: 56; SEQ ID NG
82 and SEQ ID NO: 83; SEQ ID NO: 84 and SEQ 1D NO: 85; SEQ 1D NG 86 and SEQ
D NO: 87; or SEQ ID NO: 88 and SEQ ID NO: 89; respectively, or wherein the VH and
YL are contained in an ScFv with an amino acid sequence at least 90% identical to SEQ
IDNO: 37, SEQ ID NO: 58, SEQ D NO: 59, SEQ TD NO: 60, SEG ID NO: 61, SEQ ID
NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ 1D NO: 66, SEQ 1D NO:
67, SEQ ID NO: 68, SEG 1D NO: 69, SEQ ID NO: 70, SEG 1D NO: 71, SEQ ID NG 72,
or SEQ ID NG: 73, respectively.

{3639} In some embodiments, the three or four antigen-binding domains or the three to

twelve antigen-binding domains of the antibody or multimerized antigen-binding
fragment, variant, or derivative thereof comprise an antibody VH and a VL, wherein the
VH and VL comprise amino acid sequences at least 0% identical to SEQ ID NO: S or
SEQ D NG 90 and SEQ ID NOG: 6; or SEQ ID NOG: 7 and SEQ ID NQO: 8, respectively.
In some embodiments, the three or four antigen-binding domains or the three to twelve
antigen-binding domains of the antibedy or multimerized antigen-binding fragment,
variant, or derivative thereof comprise an antibody VH and a VL, wherein the VH and VL
comprise amino acid sequences at least 90% identical to SEQ ID NGO 5 or SEQ ID NO:
90 and SEQ 1D NO: 6, wespectively. Tn some cmbodiments, the three or four antigen-
binding domains or the three to twelve antigen-binding domains of the antibody or
multimerized antigen-binding fragment, vartant, or derivative thereof comprise an
antibody VH and a VL, whercin the VH and VL comprise amino acid sequences at least

9% identical to SEQ ID NO: 7 and SEQ D NO: 8, respectively.

[3048]  In some embodiments, the antibody or multimernized antigen-binding fragment,

variant, or derivative thereof is a dimeric IgA or IgA-like antibody comprising two bivalent
Iz A binding units or multimerizing fragments thereof and a ¥-cham or fragment or variant
thereof, wherein each binding unit comprises two IgA heavy chain constant regions or
multimerizing fragments thereof each associated with an antigen-binding domain. In some
embodiments, the IgA or IgA-like antibody or muldtimerized antigen-hinding fragment,
variant, or dernvative thereof further comprises a secretory compounent, or fragment or
variant thereof. In some embodiments, the IgA heavy chain constant regions or
multimerizing fragments thereof cach comprise a Ca3-tp domain. In some embodiments,
the IgA heavy chaia constant regions or multimerizing fragments thereof each comprise a

Cul domain and/or a Cu2 domain. In some embodiments, the IgA heavy chain constant

- 10 -
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region is a human IgA constant region. In some embodiments, cach binding unit comprises
two IgA heavy chains each comprising a VH situated amino terminal to the IgA constant
region or multimerizing fragment thereof, and two immunoglobulin light chains cach

comprising a VL sttuated amino termmnal to an wnownoglobulin light cham counstant

N

region.

{6041} In somc embodiments, the antibody or multimerized antigen-binding fragment,
variant, or denivative thereof is a pentameric or a hexameric IgM antibody comprising five
or six bivalent IigM binding units, respectively, wherein each binding unit comprises two
IgM heavy chain constant regions or amnidtimerizing fragments thereof each associated with

10 an antigen-binding domain. In some embodiments, the IgM heavy chain constant regions

or multimerizing fragments thereof cach comprse a Cpd-tp domain. In some
embodiments, the IgM heavy chain constant regions or multimerizing fragments thereof
each comprise a Cul domain, a Cu2 domain, and/or a Cu3 domain. In some embodiments,
the antibody or multimerized antigen-binding fragment, vanant, or derivative thercof is
15 pentanieric, and further comprises a J-chain, or functional fragment thereof, or vanant
thereof. In some embodiments, the IgM heavy chain constant region is a human IgM
constant region. In some embodiments, each binding unit comprises two igM heavy chains
cach comprising a VH situated amino torminal to the IgM constant region or multimenizing
fragment thereof, and two mmmunoglobulin light chains each comprising a VL siuated

20 aming terminal to an immunoglobulin light chain constant region.

{6042} In some embodiments, the [-chain or functional fragment or variant thereof is a
variant J-chain comprising one or more single amino acid substitutions, deletions, or
insertions relative to a wild-type J-chain that can affect serum half-life of the muitimeric
binding molecule; and wherein the multimeric binding molecule exhibits an increased

25 serur balf-life upon admunistration to an animal relative to a reference muhlimeric binding

molecule that 1s 1dentical except for the one or more single amino acid substitutions,
deletions, or msertions, and is administered in the same way to the same amimal species.

{6643} In some cmbodiments, the J-chain or functional fragment thereof comprises an
aniino acid substitution at the amino acid position corresponding to amino acid Y192 of

30 the wild-type buman J-chain (SEQ D NG: 97). In some embodiments, the anuno acid

corresponding to Y102 of SEQ ID NO: 97 is substituted with alamine {A), serine (8}, or

argimine (R). In some embodiments, the amino acid corresponding to Y102 of SEQ 1D
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NGO: 97 1s substituted with alanine (A}, In some embodiments, the J-chamn is a variant

uman J-chain and comprises the amino acid sequence SEQ 1D NG 98,

{3644}  In some embodiments, the J-chain or functional fragment thereof comprises an

amino acid substifirtion at the am o acid position cotresponding 1o arnino acid N49, anuino
acid 851, or both N49 and 551 of the human I-chain (SEQ 1D NO: 97), wherein a single
amino acid substitution corresponding to position S51 of SEQ ID NG 97 is not a threonine
{T) substitution. In some embodiments, the position corresponding to N49 of SEQ 1D NO:
97 is substituted with alanine (A}, glveine (G), threonine (1), serine (S} or aspartic acid
(D3, In some embodiments, the position corresponding to N49 of SEQ ID NG 97 i
substituted with alanine (A}, In some embodiments, the position corresponding to 851 of
SEQ 1D NO: 97 15 substituted with alanine {A) or glveine {G). Tn some erabodiments, the

position corresponding to S31 of SEQ ID NG: 97 is substituted with alanine (A).

{8845}  In some embodiments, the J-chamn or functional fragment or vanant thereof further

comprises a heterologous polypeptide, wherein the heterclogous polypeptide is directly or
indirectly fused to the J-chain or functional fragment or variant thercof In some
embodiments, the heterologous polyvpeptide 1s fused to the J-chain or functional fragment
thereof via a peptide linker. In some cmbodiments, the peptide linker comprises at least 5
amino acids, but no more than 25 anuno acids. In some embodiments, the peptide Hnker
consists of GGGGS (SEQ ID NO: 99), GGGGSGGGGS (SEQ ID NO: 1003,
GGOGSGGOGSGGEES (SEQ IB NG 101}, GGGGSGGGHLSGGGESGGGGS (SEQID
NO: 102}, or GGGGSGGGGSGGGESCGEGGSGEGGS (SEQ 1D NGO 103). In some
embodunents, the heterologous polypeptide is fused to the N-termiinus of the J-chan or
functional fragment or variant thereof, the C-ternuinos of the J-chain or functional fragment
or vanant thereof, or to both the N-terminus and C-terminus of the J-chain or functional

fragment or variant thercof.

[80846]  In some embodiments, the heterologous polypeptide can nfluence the absorption,

distribution, metabolism and/or excretion (ADME)} of the multimeric binding molecule. In
some embodiments, the heterologous polypeptide comprises an antigen binding domain.
In some embodiments, the antigen binding domain of the heterologous polvpeptide is an
antibody or antigen-binding fragment thereof. Tn some embodiments, the antigen-binding
fragment cormprises an Fab fragment, an Fab' fragment, an F(ab)2 fragment, an Fd

fragment, an Fv fragment, a single-cham Fv (seFv) fragment, a disulfide-linked Fv (sdFv)
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fragment, or any combination thereof. In some embodiments, the antigen-binding
fragment is a scFv fragment.

{90477 In some embodiments, administration of the combination therapy results in

enbanced therapeutic efficacy relative to adounistration of the anttbody or multimerized

5 antigen-binding fragment, variant, or derivative thereof or the cancer therapy alone. In

some embodiments, the enhanced therapeutic efficacy comprises a reduced tumor growth

rate, tumor regrossion, or increased survival, In some emboduments, the subject s human.

BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES
{6048]  FIGS. 1A-1D show 3D surface plots of synergy scores from a continuum of dose

10 combinations of Mab A and doxorubicin applied to MOLMI3 (FIG. 1A}, MV411 (FIG.
IB), HT10R0 (FIG. 1C), or primary human hepatocytes (FEG. 1D} colls i vitro, with
vallevs reflecting antagonism and hills representing synergy.

[8049]  FIGS. 2A-21 show 3D surface plots of synergy scores from a continuum of dose
combinations of Mab A and paclitaxel applied to NCIH460 (FIG. 24), NCIH2228 (FIG.
28}, NCINRT (FIG. 2C), PANCI (FIG. 2D}, prmary human hepatocytes (FIG. 2E), SNU3
(FIG. 2F), NUCG4 (FIG. 2G), ASPCI (FIG. ZRH), or BXPC3 (FIGZD) cells i vitro, with

Pt
(v

valleys reflecting antagonism and hills representing svnergy.

{B658]  FIGS. 3A-3E show 3D surface plots of synergy scores from a continuum of dose

combinations of Mab A and carboplatin applied to NCIH460 (F1G. 3A), NCIH2228 (FIG.
20 3B), NCINS7 (FIG. 3C), NUGCA (FIG. 3D), or SNUS (FIG. 3E) cells in virro, with valleys
reflecting antagonism and hills representing syvnergy.

{0051}  FIGS. 4A-4H show 3D swrface plots of svnergy scores from a continuum of dose
combinations of Mab A and doxorubicin applied to NUGC4 (FIG. 4A), NCINS7 (FIG.
4B), SNUS (FIG. 4C), NCIHS08 (FIG. 4D, HCTIS (FIG. 4E), HTSS (FIG. 4F), NCI-

25 H2228 (FIG. 4G), or primary haman hepatocvies (FIG. 4H) cells in vitro, with vallevs
reflecting antagomism and hulls representing synergy.

[6632]  FIGS. 5A, 5C, 3E, 5G, and S show tumor volume over time for mice treated with
Mab A and/or radiation (FIG. 5A}, oxahplatin (FIG. 5C), paclitaxel (FIG. 3E), irinotecan
(FIG. 5G), or ABT-199 (FIG. 5I). FIGS. 5B, 5D, 5F, 5H, and 3] show survival over time

30 for mice treated with Mab A and/or radiation (FIG. 5B), oxaliplatin (FIG. 5D), paclitaxel
(FIG. ST, imotecan (FIG. SH), or ABT-199 (FIG. 31

-13 -



10

25

30

WO 2021/231639 PCT/US2021/032078

{B033]  FIGS. 6A-6B show cell viability curves for single agent Mab A (FIG. 6A) or SMAC
mimetics (FHG. 6B} on MDA-MB-231 tumor cclis.

{054]  FIGS. 7A-78B show cell viability curves for combinations of Mab A and birinapant
on MIDDA-MB-231 tumor cells (FIG. 7A) or primary human hepatocyies (FIG. 7B).

{80653}  FIGS. 8A-8B show cell viability curves for combinations of Mab A and GDC-0132
on MDA-MB-231 tumor cclls (FIG. 8A) or primary human hepatocytes (FIG. 8B).

{8056} FIGS. 9A-9B show 3D surface plots of synergy scores from a continuwm of dose
combinations of Mab A and birinapant {FIG. 94) or GDC-0152 (FIG. 9B} applied to
MDA-MB-231 tumor cels.

{B6057)  FIGS. 10A-10B show cell viability curves for single agent birtnapant (FIG. 10A) or
GDC-O152 (FIG. 6B) on DRSS agonsst-resistant tumor cells.

[8058]  FIGS. 11A-11B show cell viability curves for combinations of Mab A and bicinapant
(FIG. 11A) or GDBC-0152 (FIG. 11B) on DRS agonist-resistant tumor cells.

{8059}  FIGS. 12A-12C shows cell viability curves for U-937 cells treated with Mab A alone
(FIG. 12A), ibrutinib alone (FIG. 12B), or Mab A and ibrutirab (FIG. 12C) at various
concentrations. FIG. 12D shows 31 surface plots of synergy scores from a continaam of
dose combinations of Mab A and ibnstinib on U-937 cells.

{0064}  FIGS. 13A-13C shows cell viability curves for OCE-LY7 cells treated with Mab A
alone (FIG. 13A), ibrutinib alone (FIG. 13B), or Mab A and ibrutinib (FIG. 13C) at various
concentrations. FIG. 13D shows 3D sarface plots of synergy scores from a continuum of
dose combinations of Mab A and ibrutinib on OCI-LY7 cells.

{8061}  FIGS. 14A-14C shows cell viability curves for DOHH-2 cells treated with Mab A
alone (FIG. 14A), idelalisib alone (FIG. 14B3}, or Mab A and tdelalisib {(FIG. 14C) at
various concentrations. FIG. 14D shows 3D surface plots of synergy scores from a
continuum of dose combinations of Mab A and idelalisib on DOHH-Z celis.

18062  FIGS. 15A-15C shows cell viability curves for WSU-DLCLZ cells treated with Mab
A alone (FIG. 15A), MIK663 alone (FIG. 15B), or Mab A and MIK665 (FIG. 15C) at
various concentrations. FIG. 15D shows 3D surface plots of synergy scores from a
continuum of dose combinations of Mab A and MIK665 on WSU-DLCLZ celis.

[B063]  FIGS. 16A-16C shows cell viability curves for U-937 cells treated with Mab A alone
(FIG. 16A), MIK665 alone (FIG. 16B), or Mab A and MIK665 (FIG. 16C) at vartous
concentrations. FIG. 16D shows 3D surface plots of synergy scores from a continuum of

dose combinations of Mab A and MIK665 on U-~937 cells.

- 14 -



10

25

30

WO 2021/231639 PCT/US2021/032078

[B064]  FIGS. 17A-17C show cell viability curves for U-937 cells treated with Mab A alone
(FIG. 17A), vincristine alone (FIG. 17B), or Mab A and vincristine (FIG. 17C}) at various
concentrations. FIG. 17D shows 3D surface plots of synergy scores from a continuum of
dose combinations of Mab A and vincristine on U-937 cells.

[8063]  FIGS. [BA-18D show cell viability curves for human hepatocyies treated with Mab
A and tbrotinib (FIG. 18A), Mab A and wdelalisib (FIG. 18B), Mab A and MIK665 (FIG.
18C), or Mab A and vincrstine (FIG. 1803) at various concentrations.

[0866]  FIGS. 19A, 19C, 19E, 19G, 191, 19K, 19M, 190, 194, 198, 19U, 19W, 19V, 19AA
ISAC, and 19AE show cell viabihity curves for A2058 (FIG. 19A}, BT-20 (FIG. 19C),
DV-90 (FIG. 19E), ES-2 (FIG. 19G), HOCIS (FIG. 191, HOT 116 (FIG. 19K), HT 1080
(FIG. 19M), KYSE 410 (FIG. 190), MEWO (FIG. 194, OVCAR-S (FIG. 195), SK-LU-
F(FIG. 19U}, SK-MEL-S (FIG. [19W), SNU-L(FIG. 19Y), SWTR0 (FIG. 19AA), SW1353
(FIG. 19AC), and T24 (FIG. 19AE) celis treated with Mab A and birinapant at various
concentrations. FIGS. 198, 19D, 19F, 19H, 191, 191, 19N, 19P, 19R, 19T, 19V, 19X 192,
19AB, 19AD, and 19AF show 3D surface plots of synergy scores from a continuum of
dose combinations of Mab A and birinapant on A2058 (FIG. 19B), BT-20 (FIG. 19D},
DV-90 (FIG. 19F), ES-2 (FIG. 19H), HCC15 (FIG. 195, HCT 116 (FIG. 19L), HT 1080
(FIG. 19N), KYSE 410 (FIG. 19P), MEWO (FIG. 19R), OVCAR-S (FIG. 19T), SK-LU-
| {FIG. 19V), SK-MEL-3 (FIG. [19X), SNU-1 (FIG. [97), SW780 (FIG. 19AB), SW1353
(FIG. 19AD), and T24 (FIG. 19AF) cels.

{8667}  FIG. 20A shows MDA-MB-231 TNBC tumor volumes over time through day 26 for
mice treated with vehicle, Mab A IgM, birinapant, Mab B 12G, Mab A IgM + birinapant,
or Mab B IgG + birinapant. FIG. 20B shows tumor volumes over time throogh day 54 for
mice treated with vehicle, Mab A IgM, birinapant, Mab B IeG, Mab A IgM + birinapant,
or Mab B Ig(G + birmapant. FIG. 20C shows survival over time for mice treated with
vehicle, Mab A IgM, birtnapant, Mab B 1gG, Mab A IgM + birinapant, or Mab B IgG +
birinapant.

{0668]  FIGS. 21A-21D show tumor volumes over time for mice treated with vehicle, Mab
A 1M, birinapant, or Mab A IgM + burinapant in an EBC-1 NSCLC mode! (FIG. 21A),
HT-1080 fibrosarcoma model (FIG. 21B), HCT 116 colorectal cancer model (FIG. 210},
or SA3840 osteosarcoma PDX model (FIG. 21D},

{0069)  FIGS. 22A and 22C show cell viabidity curves for Detroit 362 (FIG. 22A) and

KYSE270 (FIG. 22C) cells treated with Mab A and binnapant at various concentrations.
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FIGS. 228 and 22D show 3D surface plots of synergy scores from a contimuum of dose

combinations of Mab A and birinapant on Betroit 562 (FIG. 22B} and KYSE270 (FIG.

220 cells.
{66787 FIGS. 23A-23D show cell viability curves for EBC-1 cels treated with Mab A and
3 APG-1387 (FIG. 23A), birinapant (FIG. 23B), ASTX660 (FIG. 23C), or Debiol 143 (FIG.

23D) at various concentrations.

{6071}  FIG. 24A shows Colo205 tumor volumes over time for mice treated with vehicle,
Mab A IgM, bevacizumab, or Mab A IgM + bevacizamab. FIG. 24B shows survival over
time for mice treated with vehicle, Mab A Ighf, bevacizumab, or Mab A IgM +

16 bevacizumab.

DETAILED BESCRIPTION

Definitions

0

{B072]  Asused herein, the form "a" or "an" entity refers to one or more of that entity; for
example, "a binding molecule.” s understond to represent one or more binding molecules.
15 As such, the terms "a" {or "an"), "onc or more.” and "at least one” can be used
interchangeably herein.
{86731  Furthermore, "and/or” where ased herein is to be taken as specific disclosure of gach
of the two specified features or components with or without the other. Thus, the term
and/or" as used in a phrase such as "A and/or B" herein 1s intended to include "A and B."
20 “Aor B," "A" {alone}, and "B" (alone). Likewise, the term "and/or™ as used in a phrase
such as "A, B, and/or (" i intended to encompass each of the following embodiments: A,
Band CA B orCAorC AorB; BorC, Aand C. A and B; Band C; A (alone);, B
{alone}; and € (alone).

{8674}  Unless defined otherwise, technical and scientific terms used herein have the same

b
v

meaning as commonly understood by one of ordinary skill m the art to which this
disclosure 1s related. For example, the Concise Dictionary of Biomedicine and Molecular

Biology, Ino, Pet-Show, Znd ed., 2002, CRC Press; The Dictionary of Cell and Molecular

Molecular Biology, Revised, 2000, Oxford University Press, provide one of skill with a
30 general dictionary of many of the terms used in this disclosure.
{88751  Units, prefixes, and symbols are denoted in their Systéme International de Unites

(81 accepted form. Numeric ranges are inclusive of the numbers defining the range.
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Unless otherwise indicated, amino acid sequences are written left to right in amuno to
carboxy orientation. The headings provided herein are not limitations of the various
embodiments or embodiments of the disclosure, which can be had by reference to the

specification as a whole. Accordingly. the terms defined tmmediately below are more fully

N

defined by reference to the specification m 1is entirety.

{8876}  As used herein, the term “polypeptide” is mtended to encompass a singular
“polypeptide” as well as plural “polypeptides,” and refers 1o a molecule composed of
monomers {amimo acids) hinearly hnked by amide bonds (also known as peptide bonds).
The term "polypeptide” refers to any chain or chains of two or more amino acids and does

10 aot refer to a specific fongth of the product. Thus, peptides, dipeptides, tripeptides,

oligopeptides, “protein,” “amino acid chain,” or any other term used to refer to a chain or
chains of two or more amino acids are included within the defimtion of "polypeptide,” and
the term “polvpeptide” can be used instead of any of these terms. The term "polypeptide”
is also imtended to refer to the products of post-expression modifications of the
15 polypeptide, wmcluding without hmitation glycosvlation, acetylation, phosphorvlation,
amidation, and denvatization by known protecting/blocking groups, proteolytic cleavage,
or modification by non-naturally occowrring amino acids. A polypeptide can be derved
from a biological source or produced by recombinant techuology but s not necessarily
translated from a designated nucleic acid sequence. K can be generated in any manner,

20 including by chemical synthesis.

{8677} A polypeptide as disclosed herein can be of a size of about 3 or more, 3 or more, 10
or more, 20 or more, 25 or more, 50 or more, 75 or more, 100 or more, 200 or more, 500
or more, 1,000 or more, or 2,000 or more amino acids. Polypeptides can have a defined
three-dimensional structure, although thev do not necessarily have such structure.

25 Polypeptides with a defined three-dimensional structure are reforred to as folded, and

polypeptides which do not possess a defined three-dimensional structure, but rather can
adopt many different conformations and are referred to as unfolded. As used herein, the
term glycoprotein refers to a protein coupled to at least one carbohydrate moicty that is
attached to the protein via an oxygen-containing or a nitrogen-containing side chain of an

30 amino acid, 2.2, a sering OF an asparaging.

{B078] By an "isolated” polyvpeptide or a fragment, variant, or denivative thereof is intended
a polypeptide that is not in its natural milieu. No particular level of purification is required.

For example, an isolated polvpeptide can be removed from iis nafive or natural
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environment. Recombinantly produced polypeptides and protems expressed in host cells
are considered isolated as disclosed herein, as are native or recombinant polypeptides
which have been separated, fractionated, or partially or substantially purified by any

suttable technigue. Synthetically produced polvpeptides are considered isolated, which

N

have been separated, fractionated, or partially or substantially purified by any suitable
technigue.

{8079 Asuscd berein, the term “a non-naturally occurring palvpeptide” or any gramumatical
variants thereof, 18 a conditional definition that exphicitly exclades, but onlv excludes,
those forms of the polypeptide that are, or might be, determined or interpreted by a judge

10 or an administrative or judicial body, to be “naturally-occurring.”

{6086}  Other polypeptides disclosed herein are fragments, derivatives, analogs, or vatanis
of the foregoing polypeptides, and any combination thereof. The terms "fragment,”
“variant,” "derivative™ and "analog” as disclosed herein include any polypeptides which
retain at least some of the properties of the corresponding native anttbody or polypeptide,

15 for cxample, specifically binding to an antigen. Fragments of polypeptides mnclude, for

example, proteolytic fragments, as well as deletion fragments, in addition to specific
antibody fragments discussed elsewhere heremn. Vanants of, e g.. a polypeptide include
fragments as described above, and also polypeptides with altered amino acid sequences
due to amino acid substitutions, deletions, or insertions. In certain embodiments, variants
20 can be nog-naturally occurring. Nog-naturally occurnng variants can be prodaced using
art-known onitagenesis techniques. Varant polypeptides can comprise conservative or
nop-conservative amuno acid substitutions, deletions, or additions. Denvatives are
polypeptides that have been altered so as to exhibit additional features not found on the
original polypeptide. Examples include fusion proteins. As used herein a "derivative” of a
25 polypeptide can also refor to a subject polypeptide having one or more aming acids
chemically derivatized by reaction of a functional side group. Also included as
"dertvatives” are those polvpeptides that contain one or more dertvatives of the twenty
standard amino acids. For example, 4-hvdroxyproline can be substituted for proline; 3-
hydroxvivsine can be substituted for lysine; 3-methylhistidine can be substituted for

30 hastidime; homoserine can be substituted for serine; and omithine can be substituted for
lysine.

{3081} A "comservative amino acid substitution” is one it which one amino acid is replaced

with another amino acid having a simular side chain. Families of amino acids having

- 18 -
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similar side chains have been defined in the art, including basic side chaing {e.g2., lvsing,
argimine, hustidine), acidic side chains {e.g., aspartic acid, ghitamic acid}, uncharged polar
stde chains {e.g., asparagine. glutamine, scrine, threonine, tyrosine, cysteine}, nonpolar
side chams {e.g., glveine, alanine, valine, leucine, isoleucine, proline, phenylalaming,
methionine, tryptophan), beta~branched side chains {e. g, threommne, valine, 1soleucine) and
aromatic side chains {e.g., tyrosine, phenylalanine, tryptophan, histidine}. For example,
substitution of a phenylalanine for a tyrosine s a conservative substitution. In certain
embodiments, conservative substifutions m the sequences of the polvpeptides, binding
moelecules, and antibodies of the present disclosure do not abrogate the binding of the
polypeptide. binding molecule or antibody containing the aming acid sequence, to the
antigen to which the polypeptide, binding molecule, or antibody binds. Methods of
identifying nucleotide and amino acid conservative substitutions which do not eliminate
antigen-binding are well-known in the art (see, e.g., Brummell er al., Biochem. 32: 1180-
1 187 (1993); Kobavashi er al, Protein Fng. 12(30):879-884 (1999}, and Burks er al.,
Proc. Natl. Acad. Sci. US4 94: 412-417 (1997)).

{B082]  The term "polvnucleotide” is intended to encompass a singular nucleie acid as well

as plural nucleic acids and refers to an isolated nucleic acid molecule or construct, e.g.,
messenger RNA (mBRNA), cDNA, or plasmid DNA (pDNA). A polyoucieotide can
comprise a conventional phosphodiester bond or a non-conventional bond {e.g., an amide
bond, such as found n peptide nucleic acids (PNAY). The terms "nucleic acid” or “nucleic
acid sequence” refer to any one or more nucleic acid segments, e.g., DNA or RNA

fragments, present in a polyoucleotide.

j0883] By an "isolated” nucleic acid or polynucleotide is intended any form of the nucleic

acid or polynucieotide that is separated from its native environment. For oexample, gel-
purified polynucleotide, or a recombinant polynucleotide cncoding a polypeptide
contained in a vector would be considered to be “isolated.” Also, a polynucieotide
segment, e.g., a PCR product, which has been engineered to have restriction sites for
cloning is considered to be “isolated.” Further examples of an isolated polynucleotide
include recombinant polynucleotides mauntained in heterofogous host celis or purified
{partially or substantially) polvnucleotides i a non-native solution such as a buffer or
saline. Isolated RNA molecules meclude in vive or in vitro RNA transcripts of
polyouciectides, where the transcript is not one that would be found in nature. Isolated

polynucleotides or nucleic acids further include such molecules produced svnthetically. In
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addition, polynucleotide or a nucleic acid can be or can mclade a regulatory element such
as a promoter, ribosome binding site, or a transcription terminator. Synthetically produced
nucleic acids or polynucleotides are considered isolated, which have been separated,

fractionated, or partially or substantially purified by any suitable technigue.

{60841 As used herein, the term “a non-naturally occurring polyvnucleotide™ or any

grammatical variants thereof, is a conditional definition that explicitly excludes, but galy
exchudes, those forms of the nucleic acid or polynucleotide that are, or nught be,
determuned or interpreted by a judge, or an admunistrative or judicial body, to be

“paturally-cccurring.”

{6085]  As used herein, a "coding region” is a portion of nucleic acid which counsists of

codons transfated o anuno acids. Although a "stop codon” (TAG, TGA, or TAA) 1s not
translated into an amino acid, 1 can be considered to be part of a coding region, but any
flanking scquences, for example promoters, ribosome binding sites, transcriptional
terminators, introns, and the like, are not part of a coding region. Two or more coding
regions can be present in a single polynucleotide construct, e.g., on a single vector, or in
separate polviucleotide constructs, e.g., on separate (different} vectors. Furthermore, any
vector can contain a single coding region, or can comprise two or more coding regions,
e.g., a single vector can separately encode an inununoglobulin heavy chain varable region
and an immunoglobulin light chain variable region. In addition, a vector, polynucleotide,
or nucleic acid can include heterologous coding regions, erther fused or unfused to another
coding region. Heterologous coding regions include without Hitation, those encoding
specialized clements or motifs, such as a scerctory signal peptide or a heterologous

functional domain.

{6086] I certain cmbodiments, the polvnuclestide or nucleic acid s DNA. In the case of

DNA, a polynucleotide comprising a nucleic acid which encodes a polypeptide normmally
can mclude a promoter and/or other transcription or translation control elements operably
associated with one or more coding regions. An operable association is when a coding
region for a gene product, e g., a polypeptide, is assoctated with one or more regulatory
sequences in such a way as to place expression of the gene product under the influence or
control of the regulatory sequence(s}). Two DNA fragments (such as a polypeptide coding
region and a promoter associated therewith} are "operably associated” if induction of
promoter function results in the transcription of mRNA encoding the desired gene product

and if the nature of the linkage between the two DNA fragments does not interfere with

20 -
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the ability of the expression regulatory sequences to direct the expression of the gene

product or mmterfere with the ability of the DNA template to be transcribed. Thus, a

promoter region would be operably associated with a nucleie acid encoding a polypeptide

if the promoter were capable of effecting transcription of that nucleic acid. The promoter

5 can be a cell-specific promoter that directs substantial transcription of the DNA m

predetermined cells. Other transcription conirol elements, besides a promoter, for example

enhancers, operators, repressors, and transcription termination signals, can be operably
associated with the polynucieotide to divect cell-specific franscription.

{6871 A variety of transcription control regions are known to those skilled in the art. These

10 include, without hmitation, transcription control regions that function in vertebrate cells,
such as, but not imited to, promoter and enhancer segments from cvtomegaloviruses (the
womediate early promoter, in comjunction with intron-A), simian virus 40 (the carly
promoter), and retroviruses {(such as Rous sarcoma virus). Other transcription control
regions include those dertved from vericbrate genes such as actin, heat shock protein,

15 bovine growth hormone and rabbit B-globin, as well as other sequences capable of
controlling gene expression n cukaryotic cells. Additional suitable transcription control
regions include tissue-specific promoters and enhancers as well as lymphokine-inducible
promoters {e.g., promeiers inducible by interferons or intedeuking).

{6688]  Similarly, a variety of translation control clements are known to those of ordinary

20 skill in the art. These mclude, but are not limited to nbosome binding sites, translation
inttiation and termination codons, and elements derived from picornaviruses {particulady
an mternal ribosome entry site, or IRES, also referred to as a CVTE sequence).

{308%]  In other embodiments, a polvnucieotide can be RNA, for example, in the form of
messenger RNA (mRNA), transfor RNA, or ribosomal RNA.

35 0698} Polynucleotide and nucleic acid coding regions can be associated with additional
coding regions which encode secretory or signal peptides, which direct the secretion of a
polypeptide encoded by a polynacleotide as disclosed herein. According to the signal
hypothesis, proteins secreted by mammalian cells have a signal peptide or secrctory leader
sequence which is cleaved from the mature protein once export of the growing protein

30 chain across the rough endoplasmic reticulum has been mitiated. Those of ordinary skill
in the art are aware that polypeptides seereted by vertebrate cells can have a signal peptide
fused to the N-terminus of the polvpeptide, which is cleaved from the complete or "full

length” polypeptide to produce a secreted or "mature” form of the polypeptide. In certain
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embodiments, the native signal peptide, e.g., an immunoglobulin heavy chain or hight
chain signal peptide is used, or a functional dertvative of that sequence that retains the
ability to direct the sccretion of the polypeptide that is operably associated with it

Aliematively, a heterologous manumalian signal peptide, or a functional derivative thereof,

N

can be used. For example, the wild-type leader sequence can be substituted with the leader
sequence of human tissue plasminogen activator (TPA) or mouse B-ghucuronidase.

{0091}  Asused herein, the torms “DRS” or “TRAILR2” refer to a member of the family of
Tumor Necrosis Factor transmembrane receptor protems expressed on the surface of
various cells and tissues, which, upon activation, can induce apoptosis of the cell.

10 8092} Disclosed herein are certain binding molecules, or antigen-binding fragments,

varants, or derivatives thereof that bind to DRS, thereby eliciting cellular apoptosis.
Unless specifically referring to full-sized antibodies, the term "binding molecule”
encompasses full-sized anttbodies as well as antigen-binding subunits, fragments, varants,
analogs, or derivatives of such antibodics, e.g., ongincered antibody molecules or

15 fragments that bind antigen i a manner sumilar to antibody molecules, but which use a

different scaffold. Where a binding molecule is 3 polymeric binding molecule, eg., a

pentameric or hexameric IgM antibody or a dimernic IgA antibody, it is vnderstood when

referring to multimeric fragments, variants, or derivatives, that the fragment, vanant, or

derivative continues o be multimernic.

23
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G {08931  As used hercin, the term “binding molecule” refers in its broadest sense o a
molecule that specifically binds to a receptor or target, e.g., an epitope or an antigenic
deternunant. As described further herein, a binding molecule can comprise one of more
“binding domains,” e g, “antigen-binding domains” described herein. A non-limiting
example of a binding moelecule is an antibody or antibody-like molecule as described in

25 detail herein that retains antigen-specific binding. In certain emboduments a “binding
molecule” comprises an antibody or antibody-hke or antibody-derived molecule as
described in detail herein.

{6694}  As used herein, the terms “hinding domain” or “antigen-binding domamn” {can be
used interchangeably) refer to a region of a hinding molecule. e.g., an antibody or

30 antibody-like, or antibody-derived molecule, that is necessary and sufficient to specifically

bind to a target, e.g., an epitope, a polypeptide, a cell, or an organ. For example, an “Fv,”

e.g., a heavy chain variable region and a light chain variable region of an antibody, either

as two separate polypeptide subunits or as a single chain, 15 considered to be a “binding
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domam.” Other antigen-binding domains include, without hinmitation, a single domain
heavy chain variable region (VHH) of an antibody denived from a camelid species, or six
immunoglobulin complementarity determining regions ({CDRs} expressed in a fibronectin

scaffold. A “binding molecule,” e.g., an “antibody” as desceribed herein can include ong,

N

two, three, four, five, six, seven, eight, nine, ten, eleven, twelve, or more “antigen-binding
domains.”

{0095}  The teros "antibody” and "tumunoglobulin” can be used interchangeably herein.
An antibody (or a fragment, vanant, or derivative thereof as disclosed heren, e g, an IgM-
like antibody} inclhudes at least the variable domain of a heavy chain {e.g., from a camehid

10 species) or at least the variable domains of a heavy chain and a light chain. Basic

wamunoglobulin structures in vertebrate systems are relatively well understood. See, e.g.,
Harlow er ol , Antibodies: A Laboratory Manual, (Cold Spring Harbor Laboratory Press,
2nd ed. 1988}, Unless otherwise stated, the term “antibody” encompasses anything ranging
from a small antigen-binding fragment of an antibody to a full sized antibody, e.g., an IgG
15 antibody that mchides two complete heavy chains and two complete hight chains, an IghA
antibody that includes four complete heavy chains and four complete light chatns and
includes a J-chain and/or a secretory component, or an IgM-derived binding molecule,
e.g., an lgM antibody or IgM-hike antibody, that includes ten or twelve complete heavy
chains and ten or twelve complete hight chains and optionally includes a J-chain or

20 functional fragment or variant thereof.

{6096}  The term “immunoglobulin”™ comprises various broad classes of polypeptides that
can be distinguished biochenucally. Those skilled m the art will appreciate that heavy
chains are classified as gamma, mu, alpha, delta, or epsilon, {v, 1, o, &, &) with some
sabclasses among them {e.2., vi-vd or 0 l-02)). It is the nature of this chain that determines

25 the "isotype” of the antibody as IgG, IgM, IgA IgD, or IgE, sespectively. The

imnunogiobalin subclasses (subtypes) e.g., IgG, IgGa, 1gGs, 126G, IgAy, IgAn, etc. are
well characterized and are known to confer functional specialization. Modified versions
of each of these immunoglobuling are readily discemible to the skilled artisan n view of
the instant disclosure and, accordingly, are within the scope of this disclosure.

3¢ 160977 Light chains arc classified as either kappa or larabda (x, A}). Hach heavy chain class

can be bound with either a kappa or lambda light chain. In general, the fight and heavy

chains are covalently bonded to cach other, and the "tal" portions of the two heavy chains

are bonded to each other by covalent disulfide linkages or non-covalent linkages when the

“23.
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inmnunoglobuling are expressed, e.g., by hyvbridomas, B cells or genetically engineered
host eells. In the heavy chain, the amino acid sequences nun from an N-ternminus at the
forked ends of the Y configuration to the C-terminus at the bottom of each chain. The basic
structure of certain antibodies, e.g., 1gG antibodies, includes two heavy chain subunits and

s

two light chain subumits covalently connected via disulfide bonds to form a Y™ structure,

N

also referred to herein as an "H2L27 structure, or a “binding unit.”
{6098}  The term “binding unit” is used herein to refer to the portion of a binding molecule,
e.g., an antibody, antibody-like molecule, or antibody-derived molecule, antigen-binding
fragment thereof, or multimerizing fragment thereof, which corresponds to a standard
10 “HZL2” mmunoglobulin stracture, 7.e., two heavy chains or fragments thereof and two
light chains or fragments thereof. In certain ombodiments, e.g., where the binding
molecule 13 a bivalent IgG antibody or antigen-binding fragment thereof, the terms
“binding molecule” and “binding unit” are equivalent. In other embodiments, e.g., where
the binding molecule is a “multimeric binding molecule,” e.g., a dimeric IgA antibody, a
15 dimeric fgA-like antibody, a dimeric IgA-denived binding molecule, a pemtameric or
hexameric IgM antibody, a pentameric or hexameric Igh-like antibody, or a pentameric
or hexameric IgM-derived binding molecule or any derivative thercof, the bmnding

35 ¥

molecule comprises two or mwore “binding units.” Two in the case of an IgA dimer, or five
or six in the case of an IgM pentamer or hexamer, respectively. A binding unit need not
20 include full-length antibody heavy and light chains, but will typically be bivalent, 7.e., will
include two “antigen-binding domains,” as defined above. As used herein, certain binding
molecules provided i thas disclosure are “dumeric,” and include two bivalent binding units
that include IgA constant regions or multimerizing fragments thereof. Certain binding
molecules provided in this disclosure are “pentameric” or “hexameric,” and include five
25 or six bivalent binding units that include IgM counstant regions or multimerizing fragments
or vartants thereof. A binding molecule, e.g., an antibody or antibody-like molecule or
antibody-derived binding molecule, comprising two or more, .2, two, five, or six binding

units, is referred to herein as “multimeric.”
{B8099]  The term “J-chain” as used herein refors to the J-chain of IgM or IgA antibodies of
30 any amimal species, any functional fragment thereof, derivative thereof, and/or variant
thereof, including a mature human J-chain, the amino acid sequence of which 1s presented
as SEQ 1D NO: 97, Varnous I-chain variants and modified J-chain derivatives are disclosed

herein. As persons of ordinary skill in the art will recognize, “a functional fragment” or “a

"4 .
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functional variant” inchides those fragments and variants that can associate with IgM
heavy chain constant regions to form a pentameric [gM anttbody.
{0300}  The term “modified J-cham™ is used herein to refer to a derivative of a J-chain

polypeptide comprising a heterologous moicty, e.g., a heterologous polvpeptide, e.g., an

N

extraneous binding domain or functional domain introduced into or attached to the J-chain
sequence. The introduction can be achieved by any means, ncluding direct or mdirect
fusion of the heterologous polvpeptide or other moiety or by attachment through a peptide
or chemical linker. The term “modified human J-cham” encompasses, without himitation,
a native sequence human J-chain comprising the amino acid sequence of SEQ ID NG: 97
10 or functional fragment thereof, or functional variant thereof, modified by the introduction
of a heterologous maicty, e.g.. a heterologous polypeptide, e.g., an extrancous binding
domain. fu certain embodiments the heterologous moiety does not interfere with efficient
polymerization of IgM into a pentamer or IgA into a dimer and binding of sach polymers
to a target. Exemplary modified J-chains can be found, e g, 10 U8, Patont Nos. 9,951,134
i3 and 10,400,038, and in U S, Patent Application Publication Nos. US-2019-G185570 and
US-2018-0265596, each of which is incorporated herein by reference in its entirety.

{0101} Asused herein the term “IgM-derived binding molecule” refers collectively to native
IgM antibodies, IgM-like antibodies, as well as other IgM-derived binding molecules
comprising non-antibody binding and/or functional domains mstead of an antibody antigen

20 binding domain or subunit thereof, and any fragments, e.g., multimerizing fragments,
variants, or derivatives thereof.

{6102]  As used bherein, the term “IgM-like antibody” refers generally to a vartant antibody
or antibody-derived binding molecule that still retains the ability fo form hexamers or
pentamers, e.g., in association with a J-chain. An IgM-like antibody or other IgM-derived

25 binding raolecule typically includes at least the Cud-tp domains of the IgM constant region
but can include heavy chain constant region domains from other antibody isotypes, e.g.,
IgG, from the same species or from a different species. An IgM-like antibody or other
IgM-derived binding molecule can likewise be an antibody fragment in which one or more
constant regions are deleted, as long as the IgM-like antibody is capable of forming
30 hexamers and/or pentamers. Thas, an IgM-like antibody or other IgM-derived binding
molecule can be, e g., a hybnd IgM/IgG antibody or can be a “multimerizing fragment™ of

an IgM antibody.
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{#103]  Asused heren the torm “TgA-denved binding molecule” refers collectively to native

IgA antibodies, IgA-like antibodies, as well as other IgA-derived binding molecules
comprising non-antibody binding and/or functional domains mstead of an antibody antigen
binding domain or subuntt thercof, and any fragments, e.g.. multiwerizing fragrernds,

variants, or derivatives thereof.

{8104}  As used herein, the term “IgA-like antibody™ refers generally o a variant antibody

or antibody-denved binding molecule that still retains the ability to formn dimers, e g, in
association with a J-chain. An IgA-like antibody or other IgA-derived binding molecule
tvpically inclades at least the Ca3-tp domains of the IgA constant region but can include
heavy chain constant region domains from other antibody isotypes, e.g.. 1gG, from the
same species or from a different species. An IgA-like antibody or other IgA-derived
binding molecule can Hikewise be an antibody fragment in which one or more constant
regions are deleted, as long as the IgA-like antibody 1s capable of forming dimers. Thus,
an fgA-like antibody or other IgA-derived binding molecule can be, e g, a hvbnid IgA/igG

antibody or can be a “multimenizing fragment” of an IgA antibody.

{3185]  The terms “valency,” “bivalent,” “multivalent”™ and grammatical equivalents, refer

to the number of binding domains, e g, antigen-binding domains in given binding
molecule, e.g, antibody, antibody-dernived, or antibody-like molecule, or 1w a given
binding unit. As such, the terms “bivalent”, “tetravalent”, and “hexavalent” in reference to
a given binding molecule, e.g., an IgM antibody, IgM-like antibody, other IgM-derived
binding molecule, or multimerizing fragment thereof, denote the presence of two antigen-
binding domams, four antigen-binding domains, and six aotigen-binding domains,
respectively. A tvpical IgM antibody, IgM-like antibody, or other IgM-derived binding
molecule, where cach binding uait is bivalent, can have 10 or 12 valencies. A bivalent or
multivalent binding molecule, e.g.. antibody or antitbody-dertved molecule, can be
monospectfic, i.e., all of the antigen-binding domains are the same, or can be bispecific or
multispecific, e.g., where two or more antigen-binding domains are different, e.g., bind to

different epitopes on the same antigen, or bind to entirely different antigens.

{8106}  The torm “opitope” includes any molecular determinant capable of specific binding

to an antigen-binding domain of an antibody, antibody-hike, or antibody-derived molecule.
In certain embodiments, an epitope can include chemically active surface groupings of
molecules such as amino acids, sugar side chains, phosphoryl groups, or sulfonyl groups,

and, mn certamn embodiments, can have three-dimensional structural characteristics, and or
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specific charge characteristics. An epttope is a region of a target that is bound by an
antigen-binding domain of an antibody.
{0107} The term “target” is used in the broadest sense to include substances that can be

bound by a binding molecule, e.g., antibody, antibodv-like, or antibodv~-derived molecule.

N

A target can be, eg., a polypeptide, a nucleic acid, a carbohvdrate, a lipid, or other

molecule, or a minimal epitope on such molecule. Moreover, a “target” can, for example,

be a cell, an organ, or an organism, 2.2., an animal, plant, microbe, or virus, that comprises
an epitope that can be bound by a binding molecule, e.g., antibody, antibody-like, or
antibody-derived molecule.

10 |0108]  Both the light and heavy chains of antibodies, antibody-like, or antibody-derived
molecules are divided into regions of structural and functional homology. The teros
"constant” and “variable" are used functionally. In this regard, it will be appreciated that
the variable domains of both the vanable hight (VL) and variable heavy (VH) chain
portions determine antigen rocognition and specificity. Conversely, the constant region

15 domains of the light chain {CL) and the heavy chain {e.g , CH1, CH2, CH3, or CH4) confer
biological properties such as secretion, transplacental mobility, Fo receptor binding,
complement binding, and the like. By convention, the numbering of the constant region
domains mncreases as they become more distal from the antigen-bindmg site or anino-
termuinus of the antibody. The N-terminal portion is a variable region and at the C-terminal

20 portion is a constant region; the CH3 (or CH4, e.g., i the case of Igh) and CL domains
actually comprise the carboxy-terminus of the heavy and light chain, respectively.

{0109] A “full longth TgM antibody heavy chain” is a polypeptide that includes, i N-
terminal to C-terminal direction, an antibody heavy chain vanable domain (VH), an
antibody heavy chain constant domain | {CMI or Cpl), an antibody heavy chain constant

25 domain 2 {CM2 or Cu2), an antibody heavy chain constant domain 3 {CM3 or Cu3), and
an antibody heavy chan constant domain 4 (CM4 or Cpd} that can include a tailpicee.

{8114} A “foll length IgA antibody heavy chain” is a polypeptide that inchudes, in N-
terminal to C-terminal direction, an antibody heavy chain vanable domain (VH), an
antibody constant heavy chain constant domain 1 {CAl or Cal}, an antibody heavy cham

30 constant domain 2 {CA2 or Ca2), and an antibody heavy chamn constant domain 3 (CA3
or Ca3y that can include a tatlpiece.

{0111} As indicated above, variable regionds) allow a binding molecule, e.g., antibody,

antibody-like, or antibodyv-denved molecule, to selectively recognize and specifically bind
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epitopes on antigens. That is, the VL domain and VH domain, or subset of the
complementanty determining regions (CBRs), of a binding molecule, ez, an antibody,
antibody-like, or aatibody-derived molecule, combine to form the antigen-binding
domain. More specifically, an antigen-binding domam can be defined by three CDRs on
each of the VH and VL chains. Certain antibodies form larger structures. For example,
fgA can form a molecule that includes two H2L2 binding units and a J-chain covalently
connected via disulfide bonds, which can be further associated with a secretory
component, and IgM can form a pentameric or hexameric molecule that includes five or

six H2L2 binding units and optionally a I-chain covalently connected via disulfide bonds.

{6112]  The six “complementarity determining regions” or “CDRs” present in an antibody

antigen-binding domain are short, non-contiguous scquences of amine aciuds that are
specifically positioned to form the antigen-binding domain as the antibody assumes its
three-dimensional configuration in an agqueous environment. The remainder of the amino
acids in the antigen-binding domain, reforred to as "framework” regions, show loss inter-
molecular vanability. The framework regions largely adopt a B-sheet conformation and
the CDRs form loops which connect, and in some cases form part of, the B-sheet structure.
Thus, framework regions act to form a scaffold that provides for positioning the CDRs in
correct orientation by nter-chain, non-covalent interactions. The antigen-binding domain
formed by the positioned CDRs defines a surface complementary to the epitope on the
wamunoreactive astigen. This complementary sutface promotes the non-covalent binding
of the antibody to its cognate epitope. The amino acids that make up the CDRs and the
framework regions, respectively, can be readily identified for any given heavy or light
chain varable region by one of ordinary skill in the art, since they have been defined in
various different wavs {see, "Sequences of Proteins of Inununological Interest,” Kabat, E.,
et al., U.S. Department of Health and Human Services, (1983); and Chothia and Lesk, J
Mol Biol, 196:901-917 (1987}, which are mcorporated herein by reference i their

entiretics).

{61131  In the case where there are two or more definitions of a term which is used and/or

accepted within the art, the definition of the tevm as used herein 1s intended to nclude all
such meanings unless explicitly stated to the contrary. A specific example is the use of the
term "complomentarity determining region” ("CDR") to describe the non-contiguous
antigen combimng sites found within the variable region of both heavy and light chain

polypeptides. These particular regions have been described, for example, by Kabat ef of |

-8
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U.S. Dept. of Health and Human Services, "Sequences of Proteins of Immunological

Interest” {(1983) and by Chothia ef ol J Mol Biol. 196:901-917 (1987}, which arc
incorporated herein by reference. The Kabat and Chothia defintions include overlapping

or subsets of aming acids when compared against cach other. Nevertheless, application of

5 either defimition {or other definitions known to those of ordinary skill in the art) to refer to
a CDR of an antibody or variand thereof is intended to be within the scope of the term as

defined and used herein, unless otherwise indicated. The appropriate anino acids which
encompass the CDRs as defined by each of the above cited references are set forth below

in Table T as a comparison. The exact amino acid numbers which encompass a particular

10 CDR will vary depending on the sequence and size of the CDR. Those skilled in the art
can routinely deternune which amino acids comprise a particular CDR given the variable

region amino acid sequence of the antibody.

Table | CDR Defuutions”

Kabat Chothia
VHCDRI 31-35 26-32
YVH CBR2 50-65 52-58
YVH CDR3 95-102 95-132
VL CDRI 24-34 26-32
VL CDR2 30-56 50-52
VI CDR3 £9-97 91-96

Ju—
(4

“Numbering of all CDR definitions in Table 1 is according to the
mumbering conventions set forth by Kabat ef /. {see below).

{0114}  Antibody variable domains can also be analyzed, ¢.g., using the IMGT mformation
svstem {umgt dot cines dot £/} (IMGTR/V-Quest) to identify variable region segments,
meluding CDRs. (See, ¢.g., Brochet et al, Nuel. Acids Res, 36:W503-508, 2008).

20 [3118]  Kabat er of. also defined a nombering system for vanable domain sequences that is
applicable to any antibody. One of ordinary skill in the art can unambiguously assign this
svstem of "Kabat nurabering” to any variable domain sequence, without rehiance on any
experimental data bevond the sequence itself. As used herein, "Kabat numberning” refers
to the numbering system set forth by Kabat ef o, US. Dept of Health and Human

25 Services, "Sequence of Proteins of Tovuunological Interest” (1983). Unless use of the

Kabat numbering svstem 1s explicitly noted, however, consecutive numbering 1s used for

all amino acid sequences in this disclosure.

=20 .
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{#116]  The Kabat numbering system for the human IgM constant domain can be found in
Kabat, et. al. “Tabulation and Analysis of Amino acid and nucleic acid Sequences of
Precursors, V-Regions, C-Regions, -Chain, T-Cell Receptors for Antigen, T-Cell Surface
Autigens, B2 Microglobulins, Major Histocompatibility Antigens, Thy-1, Complement,
{C-Reactive Protemn, Thymopoietin, Integrins, Post~-gamima Globulin, -2 Macroglobulins,
and Other Related Proteins,” US. Dept. of Health and Human Services {1991). g
constant regions can be numbered sequentially (te., ammno acid #1 starting with the fust
amino acid of the constant region, or by using the Kabat numbering scheme. A comparison
of the numbering of two alleles of the haman IgM constant region sequentially (presented
hereinn as SEQ 1D NO: 01 (allele IGHM™*03) and SEQ 1D NG: 92 (allcle IGHM*04)} and

by the Kabat systenis set out below. The undetined amino acid residues are not accounted

91 or SEQ ID NQ: 92)/KABAT for

numbering key

1/127 GSASAPTLFP ODFLPDSITE SWKYKNNSDI

SETRGFPSVL GTDEHVVCKV

VLLPSKDVMQ

QHPNGNKEKN

101/22¢ VPLPVIAELP DGEFEFGNPRKS

QATGES PRQICVSWLR

151/274 EGKQVGSGVT TDQVQAEAKE SGPTTYRVTS TLTIKESDWL XQSMFTCRVD

201/324
251/374
301/424
3517474

401/524

HRGLTFQONA

TYDSVTISWT

FTCTVTHTDL

CLVTGESPAD

SEEEWNTGET

SEMCVPDODT

RONGEAVKTH

PSPLEQTISR

VEVOWMGRGQ

YTCVVAHEAL

AIRVFAIPPS

TNISESHPNA

PRGVALHRFD

PNRVTERTVD

 APM

FASIFLTRKST

TESAVGEAST

VYLLFPAREQ

EFQAPG

KSTGKPTLYN

T e TN
KLPCLVIDLT

CED

NSGER

LNLRESATIT

RYFAHSILTV

VSLVMSDTAG

451/574 TCY

{01177 Binding molecules, e.g., antibodies, antibody-like, or antibody-derived molecules,
antigen-binding fragments, varants, or derivatives thereof, and/or multimerizing
fragments thereof include, but are not limited to. polvclonal, monocional, human,
humanized, or chimeric antibodies, single chain antibodies, epitope-binding fragments,

e.g., Fab, Fab' and F(ab")2, Fd, Fvs, single-chain Fvs (scFv), single-chain antibodies,

-130 -
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disulfide-linked Fvs (sdFv), fragments comprnsing either a VL or VH domain, fragments
produced by a Fab expression hbrary. SeFv molecules are known in the art and are
described, e.g., in US patent 5,892,019

{6118} By "specifically binds,” © 1s generally meard that a binding molecule, e.g., an

N

antibody or fragment, vanant, or derivative thereof binds 1o an epttope via its antigen-~
binding domain, and that the binding entails some complementarity between the antigen-
binding domain and the cpitope. According to this defimition, a binding molecule, e g,
antibody, antibody-like, or antibody-derived molecule, is said 1o "specifically bind" 10 an
epitope when it binds to that epitope, via its antigen-binding domain more readily than it
10 would bind to a random, unrelated epitope. The term "specificity” is used herein to qualify
the relative affinity by which a certain binding molecule binds to a certain epttope. For
exampie, binding molecule "A" can be deemed to have a higher speaificity for a given
epitope than binding molecule "B," or binding molecule "A” can be said to bind to epitope
"C" with a higher specificity than it has for related epitope "D."
15 {0119} A binding molecule, e

2., an antibody or fragment, varant, or denvative thereof

disclosed herein can be said to bind a target antigen with an off rate (k{off}) of less than or
equal o 3 X 107 sec™, 10?2 sec™, 3 X 107 sec!, 107 sec™, 3 X 10 sec’!, 107 sec!, 5 X
107 sec, or 107 sec™t 8 X 10 sec™!, 100 sec™d, 5 X 107 sec! or 1077 sec™).
{8128} A binding molecule, e.g., an antibody or antigen-binding fragment, vanant, or
20 derivative disclosed herein can be said to bind a target antigen with an on rate (k{on}} of
greater than or equal to 10° M sec™, 5 X 10° M sec™!, 10° M sec, 5 X 10° M sec™!,
PP M sec, 5 X 10° M sec, 108 M sec), or 5 X 105 M sec or 107 M sect.
{3121} A binding molecule, ¢.g., an antibody or fragment, variant, or derivative thereof is
said to competitively inhibit binding of a reference antibody or antigen-binding fragment
25 to a given epitope if it preferentially binds to that epitope to the extent that it blocks, to
some degree, binding of the reference antibody or antigen-binding fragment to the epitope.
Competitive inhibition can be determined by anyv method known in the art, for example,
competition ELISA assays. A binding molecule can be said to competitively mhibit
binding of the reference antibody or antigen-binding fragment 1o a given epitope by at
30 Teast 90%, at least 80%, at least 70%, at least 60%, or at least 50%.
{31221 As used herem, the term "affinity™ refers to a measure of the strength of the binding
of an mdividual epitope with one or more antigen-binding domains, eg., of an

momunoglobulin molecule. See, e g, Harlow ¢ al, Antibodies: A Laboratory Manual,

B
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{Cold Spring Harbor Laboratory Press, 2ud ed. 1988) at pages 27-28. As used herein, the
term "avidity” refers to the overall stability of the complex between a population of
antigen-binding domains and an antigen. See, e.g.. Harlow at pages 29-34. Avidity is
related to both the affinty of individual antigen-binding domains in the population with
specific epitopes, and also the valencies of the immunoglobuling and the antigen. For
example, the interaction between a bivalent monocional antibody and an antigen with a
highly repeating epitope structure, such as a polymer, would be one of bigh avidity. An
teraction between a bivalent monoclonal antibody with a receptor present at a high

density on a cell surface would also be of high avidity.

{3123}  Binding molecules, e.g., antibodies or fragments, varianis, or derivatives thercof as

disclosed herein can also be described or specified in ferms of their cross-reactivity. As
used herein, the term "cross-reactivity” refers to the ability of a binding molecule, e.g., an
antibody or fragment, variant, or derivative thereof, specific for one antigen, to react with
a second antigen: a measure of relatedness between two different antigenic substances.
Thus, a binding molecule is cross reactive if 1t binds to an epitope other than the one that
induced its formation. The cross-reactive epitope generally contains many of the same
complementary structural features as the inducing epitope, and o some cases, can actually

fit better than the onginal.

{8124} A bindmg molecule, e.g., an antibody or fragment, variant, or denvative thereof can

also be desenibed or specified in terms of their binding affinity to an astigen. For example,
a binding molecule can bind to an antigen with a dissociation constant or Kp no greater
than 5x 107 M, 102 M, 5 x 10°M, 10° M, 5x 107 M, 107 M, 5x 10°M, 107 M, 5x 10°
M, 1M, 5 x 107M, 107 M, S x 108M, 105 M, § x 10°M, 10°M, 5 x 10rOM, 1071°M,
SxI0VM, UM, Sx I0VM, 10 P M Sx I0PM, 10 M, Sx 107 M, 107 M, 5 x 10
PM, or 10 M

{8125] “Antigen-binding antibody fragments™ mcluding single~chain antibodies or other

antigen-binding domains can exist alone or in combination with one or more of the
following: hinge region, CHI, CH2, CH3, or CH4 domains, J-cham, or secretory
component. Also included are antigen-binding fragments that can include any combination
of varable region(s) with one or more of a hinge region, CHI, CH2, CH3, or CH4

domatns, a J-chain, or a secretory component. Binding molecules, e.g., antibodies, or

antigen-binding fragments thereof can be from any animal origin incloding birds and

manymals. The antibodies can be human, murnine, donkev, rabbit, goat, guinea pig, camel,
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Htama, horse, or chicken antibodies. In another embodiment, the vanable region can be
condricthoid in origin {e.g, from sharks}. As vsed herein, "human” antibodies include
antibodies having the amino acid sequence of a human immunogiobulin and include
anttbodies 1solated from buman mmunoglobulin libraries or from antmals transgenic for
one or more human immumoglobuling and can i some instances express endogenous
iununoglobuling and some not, as described 7nfie and, for example in, U.S. Pat. No.
5,939,598 by Kucherlapati ef al. According to embodiments of the present disclosure, an
IgM antibody, Ighi-like antibody, or other IgM-derived binding molecule as provided
herein can inclade an antigen-binding fragment of an anttbody, e.g., a scFv fragment, so
long as the IgM antibody, IgM-like antibody, or other IgM-derived binding molecule is
able ¥o form a multimer, e.g., a hexamer or a pentamer, and an IgA antibody, IgA-like
antibodv, or other IgA-derived binding molecule as provided herein can mclude an
antigen-binding fragment of an antibody, e.g., a scFv fragment, so long as the IgA
antibody, IgA-like antibody, or other IgA-derived binding molecule is able to form a
multimer, e.g., a dimer. As used herein such a fragment comprises a “multimenzing

fragment.”

{03126}  As used herein, the term “heavy chain subunit” mchides amino acid sequences

derived from an tmanmwnoglobulin heavy chain, a binding molecule, e.g., an antibody,
antibody-like, or antibody-denved molecule comprising a heavy chain subumit can include
at least one of: a VH domamn, a CHI domain, a lunge {e.g., upper, middle, and/or lower
hinge region} domain, a CHZ domain, 3 CH3 domain, a CH4 domain, or a variant or
fragment thereof. For example, a binding molecule, e.g., an antibody, antibodyv-like, or
antibody-derived molecule, or fragment, e.g., multimerizing fragment, varant, or
derivative thereof can include withont limitation, in addition to a VH domain: a CHI
domain; a CHI domain, a hinge, and a CH2 domain; a CHI domain and a CH3 domain; a
CHI domain, a hinge, and a CH3 domain; or a CHI domain, a hinge domam, a CH2
domain, and a CH3 domain. In certain embodiments a binding molecule, e.g., an antibody,
antibody-like, or antibody-derived molecule, or fragment, e g., multimerizing fragment,
variant, or derivative thereof can include, in addition to a VH domain, a CH3 domain and
a CH4 domain; or a CH3 domam, a CH4 domain, and a F-chain. Further, a binding
molecule, e.g., an antibody, antibody-like, or antibody-derived molecule, for use i the
disclosure can lack certain constant region portions, e.g., all or part of a CH2 domain. &t

will be understood by one of ordinary skall 1n the art that these domains (e.g., the heavy
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chain subunit) can be modified such that they vary i amino acid sequence from the
onginal immunoglobulin molecuole. According to embodiments of the present disclosure,
an IgM antibody, IgM-like antibody, or other IgM-derived binding molecule as provided

herein comprises sufficient portions of an IgM beavy chain constant region to allow the

N

IgM antibody, IgM-like antibody, or other IgM-derived binding molecule to form a
multimer, e.g., a hexamer or a pentamer. As used herein such a fragment comprises a
“multimerizing fragment.”
{01271 Asused herein, the term “light chain subunit” includes amino acid sequences denved
from an immunoglobulin light chain. The light chain subunit includes at least a VL, and
10 can further include a CL {e.g., Cxor Ci) domain.

[6128] Binding molecules, e.g, antibodies, antibody-like molecules, antibody-derived
molecules, antigen-binding fragments, vanants, or denvatives thereof, or multimerizing
fragments thereof can be described or specified 1n torms of the epitope(s) or portion{s} of
a target, e.g., a target antigen that they recognize or specifically bind. The portion of a

15 target antigen that specifically interacts with the antigen-binding domain of an antibody is
an "epitope,” or an "antigenic determinant.” A target antigen can comprise a single epitope
or at least two epitopes, and can include any munber of epitopes, depending on the size,
conformation, and type of antigen.

{81291  Asused herein the term “disulfide bond” inchudes the covalent bond formed between

20 two sulfur atoms, e.g., in cysteine residues of a polypeptide. The amino acid cysteine
comprises a thiol group that can form a disulfide bond or bridge with a second thiol group.
Disulfide bonds can be “uvra-cham,” ie.. linking to cysteme residucs m a single
polypeptide or polypeptide subunit, or can be “inter-chain,” 7e., linking two separate
polypeptide subunits, e.g, an antibody heavy chain and an antibody light chain, to

25 anttbody heavy chains, or an IgM or IgA antibody heavy chain constant region and a J-
chain.

{81308  As used herein, the term “chimeric antibody” refers o an antibody in which the
inununoreactive region or stie is obtamed or derived from a first species and the constant
region {which can be intact, partial, or modified) is obtained from a second specics. In

30 some embodiments the target binding region or site will be from a non-human source {e.g,,

mouse or primate) and the constant region is haman.

{131}  The terms “multispecific antibody”™ or “bispecific antibody™ refer to an antibody,

antibody-like, or antibody-derived molecule that has antigen-binding domains for two or
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more different epitopes within a single antibody melecule. Other binding molecules in
addition to the canonical antibody structure can be constructed with two binding
specificities. Epitope binding by bispecific or multispecific antibodies can be simultancous
or sequential, Triomas and hybrid hybridomas are two examples of celt lines that can
secrete bispecific antibodies. Bispecific antibodics can also be constructed by recombinant
means. (Steohicin and Heiss, Fusmre Oncol. 6:1387-94 (2010); Mabry and Snavely,

Drugs. 13:543-9 (2010)). A bispecific antibody can also be a diabody.

{#132]  As used herein, the term "engineered antibody” refers to an antibody in which a

variable domain, constant region, and/or I-chain is altered by at least partial replacement
of ane or more amino acids. In certain embodiments entire CDRs from an antibody of
known specificity can be grafted into the framework regions of a heterologous antibody.
Although alternate CDRs can be derived from an antibody of the same class or even
subclass as the antibody from which the framework regions are derived, CDRs can also be
derived from an antibody of different class, e. g, from an antibody from a different species.
An enginecred antibody i which one or more "donor” CDRs from a non-human antibody
of known specificity are grafted into a human heavy or light chain framework region is
referred to herein as a "humanized antibody " In certain embodiments not all of the CDRs
are replaced with the complete CDRs from the donor variable region and vet the antigen-
binding capacity of the donor can still be transferred to the recipient variable domains.
Given the explanations set forth in, e g, U. 5. Pat. Nos. 5,585,089, 5,693,761, 5,693,762,
and 6,180,370, it will be well within the competence of those skilled in the art, either by
carrying out routine experimentation or by trial and cwror testing, to obtain a functional

engineered or humanized antibody.

{0133} As used herein the toom “engincered” includes manipulation of nuclkeic acid or

polypeptide molecules by svanthetic means {e.g., by recombinant techniques, in vitro
peptide synthesis, by enzymatic or chemical coupling of peptides, nucleic acids, or

glycans, or some combination of these techniques).

{6134}  As used herein, the terms "linked." "fused" or "fusion" or other grammatical

cquivalents can be used interchangeably, These terms refer 1o the joining together of two
more clements or components, by whatever means mncluding chemical conjugation or
recombinant means. An “in-frame fuosion" refers to the joining of two or more
polynucleotide open reading frames (ORFs} to form a contimuous longer ORF, in a manner

that maintains the translational reading frame of the original ORFs. Thus, a recombinant
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fusion protein 18 a single protein containing two or more segments that correspond to
polypeptides encoded by the original ORFs (which segments are not normally so joined in
nature ) Although the reading frame is thus made continuous throughout the fused
segments, the segments can be physically or spatially separated by, for example, n-frame
linker sequence. For example, polvoucleotides encoding the CDRs of an immunoglobuhin
variable region can be fused, in-frame, but be separated by a polynucleotide encoding at
{east one mmunoglobulin framework region or additional CDR regions, as long as the

“fused" CDRs are co-translated as part of a continuous polyvpeptide.

{#135]  As used herein, the term “cross-linked™ refers to joining together of two or more

molecules by a third molecule. For example, a bivalent antibody with two binding domains
that spectfically bind to the same antigen can “cross-link” two copies of that antigen, e.g,
as they are expressed on a cell. Many TNF superfanuly receptor proteins, including DRS,
require cross-linking of three or more receptors on the surface of a cell for activation.
Cross-linking of DRS proteins mcans, for instance, contacting a binding molecule, as
disclosed herein, with DRS expressed on the surface of a cell such that at least three DRS
monomers are simultancously bound together by one or more binding molecules, thereby

activating the receptors.

{6136]  In the context of polypeptides, a "linear sequence” or a "sequence” 15 an order of

amino acids in a polvpeptide in an aming to carboxy! terminal direction in which anuino
acids that neighbor cach other in the sequence are contiguous in the primary structure of
the polypeptide. A portion of a polypeptide that is “aminc-terminal” or “N-terminal” to
another portion of a polypeptide s that portion that comes cadier m the soquential
polypeptide chain. Similarly, a portion of a polypeptide that is “carboxy-ternunal™ or “C-
terminal” to another portion of a polvpeptide is that portion that comes later in the
sequential polypeptide chain. For example, in a typical antibody, the variable domain is
“N-terminal” to the constant region, and the constant region is “C-ermnal” fo the variable

domain.

{6137}  The term “oxpression” as used herein refers to a process by which a gene produces

a hiochemical, for exaraple, a polypeptide. The process includes any manifestation of the
fumctional presence of the gene within the cell mcluding, withowt hmutation, gene
knockdown as well as both transient expression and stable expression. It inclades without
limitation transcrption of the gene into RNA, e.g., messenger RNA {(mRNA), and the

translation of such mRNA mio polypeptide(s}. I the final desired product is a biochemical,
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expression includes the creation of that biochemical and any precursors. Expression of a
gene produces a "gene product.” As used herein, a gene product can be either a nucleic
acid, e.g., a messenger RNA produced by transcription of a gene, or a polypeptide that is

translated from a transcript. Gene products described herein further include nucleie acids

N

with post transcriptional modifications, e.g., polvadenviation, or polvpeptides with post
transiational modifications, e¢.g.. methylation, glycosylation, the addition of lipids,
association with other protein subunits, proteolytic cleavage, and the hike.

{0138]  As used herein, the terms "cancer” and "cancerous” refer to or describe the
physiological condition in mammals in which a population of cells are characterized by

10 unregulated cell growth. Cancers can be categorized, e.g., as solid tumors or makignancies,

or hematological cancers or malignancies. Both types can mugrate to remote sites as

metastases. A solid tumor can be categorized, e.g., as a sarcoma, a carcinoma, a melanoma,
or a metastasis thereof.
{8139}  The torms “proliferative disorder”™ and “proliferative discase”™ refer to disorders
15 associated with abnommal cell proliferation such as cancer. “Tumor” and “neoplasm™ as
used herein refer to any mass of tissue that result from excessive cell growth or
proliferation, either benign (noncancercus) or malignant (cancerous) including pre-
cancerous lesions.
[6148] The terms “metastasis,” "metastases,” “metastatic,” and other grammatical
20 equiivalents as used herein refer to cancer cells which spread or transfer from the site of
origin {e.g., a primary tumor} to other regions of the body with the development of a similar
cancerous lesion at the new location. A “metastatic” or “metastasizing” cell 1s one that
loses adhesive contacts with neighboring cells and migrates via the bloodstream or lymph
from the primary site of disease to invade neighboring body structures. The terms also
25 refer to the process of metastasis, which includes, but is not limited to detachment of cancer
cells from a primary tumor, miravasation of the tumor cells to circulation, thewr survival
and migration {o a distant site, attachment and exiravasation into a new sife from the
circulation, and microcolonization at the distant site, and tumor growth and development
at the distant site.
30 [0141]  Examples of such solid tumors can include, eg., squamous cell carcinoma,
adenocarcimoma, basal cell carcinoma, renal cell carcinoma, ductal carcinoma of the
breast, soft tissue sarcoma, osteosarcoma, melanoma, small-cell lung cancer, non-small

cell long cancer (NSCLL), adenocarcinoma of the lung, cancer of the peritoneum,
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hepatocellular carcinoma, gastromntestinal cancer, gastric cancer, pancreatic cancer,
neuroendocring cancer, ghoblastoma, cervical cancer, ovarian cancer, liver cancer, bladder
cancer, brain cancer, hepatoma, breast cancer, colon cancer, colorectal cancer, endometrial

or utering carcinonma, csophageal cancer, salivary gland carcinoma, kidney cancer, prostate

N

cancer, vulval cancer, thyroid cancer, head and neck cancer, any metastases thereof, or any
combination thercof.

{0142}  Examples of bematologic cancers or malignancies include without limitation
leukemia, lymphoma, myeloma, acute myeloid levkemia, chronie myveloid leukemia, acute
lvmphoeytic leukemia, chronie lvmphoeytic leukemia, hairv cell leukemia, Hodgkin

10 lvmphoma, non-Hodgkin lymphoma, nultiple myeloma, any metastases thereof, or any

combination thereof.

[8143] In certain embodiments, cancers that are amenable o treatment via the methods
provided herein inchude, but are not limited to sarcomas, breast carcinomas, ovarian
cancer, cervical cancer, head and neck cancer, NSCLC, esophageal cancer, gastric cancer,

i3 kidnev cancer, liver cancer, bladder cancer, colorectal cancer, and pancreatic cancer.

{#144]  The term "therapeutically effective amount” refers to an amount of an antibody,
polypeptide, polynucleotide, small organic molecule, or other drug effective to "treat” or
in some instances, “prevent” a discase or disorder in a subjoct, e.g., a human. In the case
of cancer, the therapeutically effective amount of the drug can reduce the number of cancer

20 cells; retard or stop cancer cell division, reduce or retard an increase in tumor Size, inhibi,

¢.g., suppress, retard, prevent, stop, delay, or reverse cancer cell mfiltration into peripheral
organs mcluding, for exanple, the spread of cancer mnto soft tissue and bone; inhibit, e g,
sappress, retard, prevent, shrink, stop, delay, or reverse tumor metastasis; inhibit, e.g.,
suppress, retard, prevent, stop, delay, or reverse tumor growth; relieve to some exient one
25 or more of the syraptoms associated with the cancer, reduce morbidity and mortality;
waprove guality of life; or a combination of such effects. To the extent the drug prevents
growth and/or kills existing cancer cells, it can be referred to as cytostatic and/or eytotoxic.

{6145}  Terms such as "reating” or "treatment” or “to treat” or "alleviating" or “to alleviate”
refer to therapeutic measures that cure, slow down, lessen symptoms of, and/or halt or

30 slow the progression of a diagnosed pathologic condition or disorder. Terms such ag

“prevent,” “prevention,” “avoid,” “deterrence” and the like refer to prophylactic or

preventative measures that prevent the development of an undiagnosed targeted pathologic
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condition or disorder. Thus, “those in need of treatment” can include those already with
the disorder and/or those prone to have the disorder.
{0146} A subject is successfully "treated” according to the methods of the present disclosure

if the patient shows one or more of the following: a reduction i the number of or complete

N

absence of cancer cells; a reduction in the tumor size; or retardation or reversal of tamor
growth, mhibition, e g.. suppression, prevention, retardation, shrinkage, delay, or reversal
of metastases, e.g., of cancer cell infiltration into peripheral organs meluding, for example,
the spread of cancer info soft tissue and bone; inhibition of, e.g., suppression of, retardation
of, prevention of, shrinkage of, reversal of, delay of, or an absence of tmor metastases;
16 inhibition of, e g., suppression of, rotardation of, prevention of, shrinkage of, reversal of,
delay of, or an absence of tumor growth; relief of one or more symptoms assoctated with
the specific cancer; reduced morbidity and mortality; improvement in quality of life; or
some combination of effects. Beneficial or desired chinical results include, but are not
limited to, alleviation of symptoms, diminishment of extent of discase, stabilized {(i.e., not
15 worsening) state of disease, delay or slowing of discase progression, amchioration or
patliation of the discase state, and remission (whether partial or total}, whether detectable
or undetectable. "Treatment” can also mean prolonging survival as compared to expected
survival if not receiving treatment. Those in need of treatment include those alrcady with
the condition or disorder as well as those prone to have the condition or disorder or those
20 in which the condition or disorder is to be prevented.

{8147} By "subject” or "individual” or "animal” or "patient” or “mammal,” is meant any
subject. In certain embodiments, the subject 15 a manunalian subject, for whom diagnosis,
prognosis, or therapy is desired. Mammalian subjects inchide humans, domestic animals,
farm animals, and 200, sports, or pet animals such as dogs, cats, guinea pigs, rabbits, rats,

25 mice, horses, swing, cows, bears, and so on,

{8148]  As used herein, as the term “a subject that would benefit from therapy” refers to a
subset of subjects, from amongst all prospective subjects, which would benefit from
admimistration of a given therapeutic agent, e g, a binding molecule such as an antibody,
comprising one or more antigen-binding domains. Such binding molecules, eg,

30 antibodies, can be used, e.g., for a diagnostic procedure and/or for treatment or prevention
of a disease.
{0149]  As used herein the terms “serum half-life” or “plasma half-life” refer to the time 1t

takes {e.g., in munutes, hours, or days) following adnunistration for the scrum or plasma
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concentration of a drug, e.g2., a binding molecule such as an antibody, antibody-like, or
anttbody-derived molecule or fragment, e.g., multimerizing fragment thereof as deseribed
herein, to be reduced by 50%. Two half-lives can be described: the alpha half-life, o half-
life, or tina, which is the rate of deching n plasma concentrations due to the process of
drag redistribution from the central compartment, e.g., the blood n the case of intravenous
delivery, to a peripheral compartment {e.2., atissue or organ)}, and the beta half-life, f half-

fife, or ti:f} which is the rate of decline due to the processes of excretion or metabolism.

{0156]  Asused herem the term “area under the plasma drug concentration-time curve” or

“AUC” reflects the actual body exposure to drug after adounistration of a dose of the dg
and s exprossed in mg*h/E. This arca under the curve can be measured, e.g.. from time 0
(te) to nfintty {oo} and is dependent on the rate of climmation of the drug from the body

and the dose adminsterad.

{8151}  As used herein, the term “mean residence time” or “MRT™ refers to the average

{ength of time the drug remains in the body.

{8152} As used herem, by “pharmmaccutically acceptable” or “phammacologically

acceptable™ is meant a material that is not biologically or otherwise undesirable, e.g., the
material may be incorporated into a pharmaccutical composition administered to a patient
without causmg any significant undesirable biological effects or iteracting in a
deleterious manner with any of the other components of the composition 1n which it is
contained. Pharmaceutically acceptable carriers or excipients have preferably met the
required standards of toxicological and manufacturing testing and/or are included on the

Inactive fngredient Guide prepared by the U S, Food and Drug Administration.

j0153]  “Pharmaccutically acceptable salts™ are those salts which retain at least some of the

biological activity of the free (non-salt) compound and which can be administered as drugs
or pharmacecuticals to an individual. Such salts, for example, include: (1) acid addition
salts, formed with imorgamce acids such as hyvdrochloric acid, hydrobromie acid, sulfuric
acid, nitric acid, phosphonc acid, and the like; or formed with organic acids such as acetic
acid, oxalic acid, propionic acid, succinic acid, maleic acid, tartaric acid and the like; (2)
salts formed when an acidic proton present in the parent compound cither is replaced by a
metal won, e.g., an alkall metal ton, an alkaline carth ion, or an aluminwm ion: or
coordinates with an organic base. Acceptable organic bases include ethanolamine,
diethanolamine, tricthanolamine and the like. Acceptable inorganic bases which can be

used 1o prepared salts include aluminum hydroxide, calcium hydroxide, potassium
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hydroxide, sodiam carbonate, sodiwm hydroxide, and the like. Pharmaceutically
acceptable salts can be prepared in situ in the manufacturing process, or by separately
reacting a purified compound of the invention in 1s free acid or base form with a suitable
organic or morganic base or acid, respectively, and isolating the salt thus formed during

subsequent purification.

{6154}  The teom “excipient” as used herein means an inert or mactive substance that may

be used m the production of a drug or pharmaceutical, such as a tablet containing a
compound of the invention as an active ingredient. Various substances may be embraced
by the term excipient, mclading withouot limitation any substance used as a binder,
disintegrant, coating, compression/encapsulation aid, cream or lotion, lubricant, sohitions
for parenteral admuustration, materials for chewable tablets, sweetener or flavoring,
suspending/geliing agent, or wet granulation agent. Binders mclude, e g, carbomers,
povidone, xanthan gum, etc.; coatings mclude, eg., celhiose acetate phthalate,
cthyicellulose, gelian gum, maltodextrin, onteric coatings, otc.; compression/encapsulation
aids include, e g, calcium carbonate, dextrose, fructose de (de = “directly compressible™),
honey de, lactose (anhydrate or monohydrate; optionally in combination with aspartame,
celiulose, or microcrystalline cellulose), starch de, sucrose, ete ) disintegrants include, e.g.,
croscarmellose sodium, gellan gum, sodmm starch glyeolate, cte; creams or lotions
include, e.g., maliodextrin, carvageenans, etc., lubricants mclude, e.g, magnesium
stearate, stearic acid, sodium stearyl fumarate, etc.; matenials for chewable tablets include,
e.g., dextrose, fractose de, lactose (monohydrate, optionally in combination with
aspartame or cellulose), etc.; suspending/geliing agents include, e.g., carrageenan, sodm
starch glycolate, xanthan gum, etc.; sweeteners include, e.g., aspartame, dexirose, fructose
de, sorbitol, sucrose de, etc.; and wet granulation agents include, e. g, calcium carbonate,

maltodextrin, microcrystalline cellulose, ete.

{81851  IgM antibodies, IgM-like antibodies, and other IgM-denved binding molecules

{81386}  IgM is the first immuonoglobulin produced by B cells in response to stimulation by

antigen. Naturally-occurring IgM is naturally present at around 1.5 mg/ml in serum with a
haif-life of about 5 days. IgM is a pentameric or hexameric molecule and thus includes
five or six binding units. An IgM binding unit typically includes two hight and two heavy
chains. While an IgG heavy chain constant region contains three heavy chain constant
domains (CH1, CH2 and CH3), the heavy (u) constant region of IgM additionally contains

a fourth constant domain (CH4) and includes a C-erminal “tailpicce.” The human IgM
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constant region typically comprises the anuno acid sequence SEQ ID NO: 61 (identical to,
e.g., GenBank Accession Nos. pir]837768, CAA4TTO8 1, and . CAA47714.1, allele
IGHM*03) or SEQ 1D NO: 92 (dentical to, e.g., GenBank Accession No. sp[P01871.4,
allele IGHM*04). The human Cul region ranges from about amino acid $ to about anino
acid 102 of SEQ ID NO: 91 or SEQ 1D NO: 92; the human Cp2 region ranges from about
amino acid 114 to about amine acid 205 of SEQ 1D NG: 91 or SEQ 1D NQO: 92, the human
Cu3 region ranges from about amino acid 224 to about anuno acid 319 of SEQ 1D NG: 91
or SEQ ID NO: 92, the Cu 4 region ranges from about anuno acid 329 to about amino acid
430 of SEQ D NG: 91 or SEQ 1D NO: 92, and the tailpicce ranges from about amino acid
431 to about amino acid 433 of SEQ ID NO: 91 or SEQ ID NG: 92,

{6187}  Other forms and alleles of the human IgM constant region with mimor sequence

vanations exist, including, without mistation, GenBank Accession Nos. CAB37838 1, and
pir]MHHU. The amino acid substitations, insertions, and/or deletions at positions
corresponding to SEG 1D NO: 91 or SEQ ID NO: 92 described and claimed clsewhere in
this disclosure can likewise be incorporated 1nto alternate human IgM sequences, as well

as into IgM constant region amine acid sequences of other species.

{6158}  Each IgM heavy chain constant region can be associated with a binding donain, e.g.,

an antigen-binding domam, e.g., a scFv or VHH, or a subunit of an antigen-binding
domain, e.g., a VH region. Exemplary antigen-binding domains, ¢.g., binding domains that
specifically and agomstically bind DR3 are described elsewhere herein. In cortain
embodiments the binding domain can be a non-antibody binding domain, e.g, a receptor
cctodomain, a ligand or receptor-binding fragment thereof, a cytokine or receptor-binding
fragment thereof, a growth factor or roceptor binding fragment thercof) a neurotransmitter
or receptor binding fragment thercof, a peptide or protein hormone or receptor binding
fragment thereof, an immmune checkpoint modulator ligand or receptor-binding fragment
thereof, or a receptor-binding fragment of an extracellular matnix protein. See, e.g., PCT
Application No. PCT US2019/057702, which is incorporated herein by reference in its

entirety,

{6159}  Five IgM binding uniis can form a complex with an additional small polypeptide

chain (the J-chain), or a functional fragment, varant, or derivative thereof, to form a
pentameric IgM antibody or IgM-like antibody, as discussed elsewhere herein. The
precursor form of the hwman J-chain is presented as SEQ D NO: 96, The signal peptide

extends from amino acid I 1o about amino acid 22 of SEQ ID NO: 96, and the mature
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human J-chain extends from about ammo acid 23 to amino acid 159 of SEQ ID NO: 96,

The mature human J-chain includes the amino acid sequence SEQ [D NO: 97,

{0168}  Excraplary vartant and modified J-chains are provided elsewhere herein. Without

the J-chamn, an IgM antibody or IgM-like antibody typically asscmables into a hexamer,
comprising up fo twelve antigen-binding domains. With a J-chain, an IgM antibody or
fgM-like antibody typically assembles mnto a pentamer, comprising up o ten antigen-
binding domains, or more, if the J-chain is a modified J-chain comprising one or more
heterologons  polvpeptides compnsing addiional  antigen-binding  domain(s). <
assembly of five or six IgM binding untits into a pentamerie or hexamerie Igh antibody or
IgM-like antibody 1s thought to involve the Cud and tailpicce domains. See, e.g., Braathen,
R, etal J Biol Chem. 277:42755-42762 (2002). Accordingly, a pentameric or hexameric
IgM antibody provided in this disclosure typically includes at least the Cpd and tailpiece
domains (also referred to herein collectively as Cud-ip). A “multimerizing fragment”™ of
an lgM heavy chain constant region thus includes at feast the Cpd-tp domains. An IgM
heavy chain constant region can additionally include a Cp3 domain or a fragment thereot,
a Cu2 domain or a fragment thereof, a Cul domain or a fragment thereof, and/or other
IgM heavy chain domains. In certam embodiments, an IgM-derived binding molecule,
e.g., an IgM antibody, IgM-like antibody, or other IgM-~derived binding molecule as
provided herein can mnclude a complete IgM heavy (i) chain constant domain, e.g., SEQ
ID NG 91 or SEQ ID NO: 92, or a variant, derivative, or analog thereof, e. g, as provided

herein.

{8161} Yo certain emboduments, the disclosure provides a pentameric or hexamerc binding

molecule, where the binding molecule includes ten or twelve Igh-derived heavy chaing,
and where the IgM-derived beavy chains comprise IgM heavy chain constant regions cach
associated with a binding domain that specifically binds to a target, such as DRSS, In certam
embodiments, the disclosure provides an IgM antibody, IgM-like antibody, or IgM-
derived binding molecule as provided herein can possess improved binding characteristics
or biclogical activity as compared to a binding molecule composed of a single binding
unit, e.g., a bivalent IgG antibody. For examaple. a pentameric or hexameric binding
molecule can more efficiently cross-hink three or more DRS molecules on the surface of a
cell, e.g., a tamor cell, thereby facilitating apoptosis of the cell. A binding molecule as
provided herein can ikewise possess distinctive characteristics compared to multivalent

binding molecule composed of synthetic or chimenic structures. For example, use of

43 .



N

10

25

30

WO 2021/231639

PCT/US2021/032078

human 1gM constant regions can afford reduced numogenicity and thus increased safety
relative to a binding molecule containing chimeric constant regions or svithetic structures.
Moreover, an lgM-based binding molecule can consistently form hexamerie or pentameric
oligomers resulting i a more homogeneous expression product. Supetior complement

fixation can also be an advantageous effector function of Igh-based binding molecules,

{8162} In certain embodiments, the disclosure provides an IgM antibody, IgM-like

antibody, or IgM-denved binding molecule that includes five or six bivalent binding unuts,
where cach binding unit includes two IgM or IgM-like heavy chain constant regions or
multimerizing fragments or variants thereof, each associated with an antigen-binding
domain or subunit thereof In cortain embodiments, the two fgM heavy chain constant
regions included m each binding unit are huraan beavy chain constant regions. In some
embodiments, the heavy chains are glveosylated. In some embodiments, the heavy chains

can be mutated to affect glycosylation.

{8163} Where the lgM antibedy, IgM-like antibody, or other IgM-derived binding molecule

provided in this disclosure is pentameric, the IgM antibody, IgM-like antibody, or other
IgM-derived binding molecule typically further include a J-chain, or functional fragment
or variant thereof. In certain embodiments, the J-chain is a modified I-chain or variant
thereof that further comprises one or more heterologous moictics attached to the J-chain,
as described elsewhere herein. In certain embodiments, the J-chain can be mutated to
affect, e g, enhance, the scrum half-life of the IgM antibody, IgM-hike antibody, or other
IgM-derived binding molecule provided herein, as discussed elsewhere in this disclosure.
In certain embodunents the J-chain can be mutated to affect glycosylation, as discussed

elsewhere in this disclosure.

{0164}  An IgM heavy chain constant region can inchide onc or more of a Cpl domain or

fragment or variant thereof, a Cu2 domain or fragment or vanant thereof, a Cp3 domam
or fragment or vanant thereof, and/or a Cpd domain or fragment or variant thereof,
provided that the constant region can serve a desired function in the IgM antibody, IgM-
like antibody, or other IgM-derived binding molecule. e g.. associate with second IgM
constant region to form a binding unit with one, two, or more antigen-binding domain(s},
and/or associate with other binding units (and in the case of a pentamer, a F-chain} to form
a hexamer or a pentamer. In certain embodiments the two IgM heavy chain constant
regions of fragments or variants thereof within an individual binding unit cach comprise a

Cud domain or fragment or variant thereof, a tallpicce {Ip) or fragment or vanant thereof,
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or a combination of a Cpd domain and a TP or fragment or variant thereof. In certain
embodiments the two IgM heavy chain constant regions or fragments or variants thereof
within an individual binding uvait each further comprise a Cu3 domain or fragment or

vartant thereof, 3 Cp2 domain or fragment or variant thereof, a Cul domain or fragment

N

or variant thereof, or any combination thereof.
{8165} I certain embodiments cach of the two IgM heavy chain constant regions in a given
binding umt is associated with an antigen-binding domain, for example an Fv portion of

an antibody, e.g., a VH and a VL of a human or murine antibody, where the VL can be

associated with a light chain constant region. In a binding molecuale as provided herein at
10 least threc antigen-binding domains of the binding molecuic are DRS binding domains,
i.e., binding domains that can specifically bind to DRS, e.g., human DRS.

[8166]  In some embodiments, the binding units of the IgM antibody, IgM-like antibody, or
other IgM-derived binding molecule comprise two light chains. In some embodiments, the
binding units of the IgM antibody, lgM-like antibody, or other IgM-derived binding

5 raolecule comprise two fragments light chains. In some entbodiments, the light chains are
kappa light chains. In some embodiments, the light chains are lambda light chains. In some
embodiments, each binding unit comprises two immunoglobulin light chamns cach
comprising a VL situated amino terminal to an vnownoglobulin light chain constant

region.

20 igA antibodics, IgA-like antibodies, other IgA-derived binding molecules

{8167}  IgA plays a critical role in mucosal wmonity and comprises about 15% of total
immunoglobulin produced. IgA is a monomeric or dimeric molecule. An IgA binding uvait
includes two light and two heavy chains. IgA contains three heavy chain constant domains
{Cal, Co2 and Ca3), and nclades a C-terminal “tadpiece.” Haman IgA has two subtypes,

25 IgAl and IgA2. The human IgAl constant region typically includes the amino acid
sequence SEQ 1D NO: 93, The buman Col domaio extends from about ammno acid 6 to
about amino acid 98 of SEQ ID NO: 93; the human IgA1 hinge region extends from about
amino acid 102 o about amino acid 124 of SEQ 1D NO: 93, the homan Co3 domamn
extends from about amino acid 228 to about aming acid 330 of SEQ 1D NO: 93, and the

30 tailpicce extends from about amino acid 331 to about amino acid 352 of SEQ 1D NO: 93
The human IgAZ constant region typically includes the amino acid sequence SEQ 1D NO:

94. The human Cal domain extends from about amino acid 6 to about aming acid 98 of



10

25

30

WO 2021/231639 PCT/US2021/032078

SEQ ID NO: 94; the buman IgA2 hinge region extends from about amino acid 102 to about
amine acid 111 of SEQ 1D NO: 94, the human Co2 domain extends from about anino acid
113 to about aming acid 206 of SEQ 1D NG: 94, the human Co3 domain extends from
about amino acid 215 to about amino acid 317 of SEQ 1D NO: 94, and the tatpicce extends

from about amino acid 318 to about amino acid 340 of SEQ ID NO: 94,

{8168} Two IgA binding uniis can form a complex with two additional polypeptide chains,

the J-chain {e.g., SEQ ID NO: 97 or SEQ Iy NO: 98) and the secrctory component
{precursor, SEQ ID NO: 95, mature: amino acids 1910 603 of SEQ 1D NO: 95 to form a
secretory IgA (slgA} antibody. The assembly of IgA binding units into 8 dimeric sigA
antibody 15 thought to involve the Co3 and tailpicce domains {also referred to herein
collectively as the Ca3-tp domam}. Accordingly, a dimeric sigA antibody provided i this
disclosure typically includes IgA constant regions that include at least the Co3 and

tailpiece domaing.

{8169}  An IgA heavy chain constant region can additionally include a CoZ domain or a

fragment thereof, an IgA hinge region, a Col domain or a fragment thereof, and/or other
IgA heavy chain domains. In certain embodiments, an IgA antibody or IgA-like binding
molecule as provided herein can mchude a complete IgA heavy {(u) chaim constant domain
{e.g., SEQ 1D NO: 93 or SEQ ID NO: 94}, or a variant, derivative, or analog thereof In
some embodiments, the IgA heavy chain constant regions or multimerizing fragments

thereof are haman IgA constant regions.

{8173]  In some embodiments, the binding units of the IgA antibody, IgA-like antibody, or

other IgA-~derived binding molecule comprise two light chains. In some embodiments, the
binding units of the IgA antibody, IgA-like antibody, or other IgA-derived binding
molecule comprise two light chains. In some embodiments, the light chains are kappa light
chains. In some embodiments, the light chains arc lambda hight chains. In some
embodiments, cach binding unit comprises two immunoglobulin hight chamns each
comprising a VL situated amino ternunal to an immuonoglobulin hight cham constant

region.

{6171} 1o some embodiments, this disclosure provides a dimeric binding molecule, e.g., a

binding molecule with two IgA “binding units” or fragments, variants, or dervatives
thereof as defined herein, that can specifically bind to DRS. A bmding molecule as
provided herein can possess improved binding characteristics or biclogical activity as

compared to a binding molecule composed of a single binding unit, e.g., a bivalent IgG
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antibody. For example, an IgA binding molecule can more efficiently cross-link three or
more DRS monomers on the surface of a cell, e.g, a tumor cell, thereby facilitating
apoptosis of the cell. Moreover, an IgA binding molecule can reach mucosal sites
providing greater tissue distribution for the binding molecules provided herein. Use of an
IgA-based binding molecule can allow, for example, greater tissue distnibution for a
binding molecule provided herein. Mucosal distribution could be beneficial for cortain
cancers, ¢.2., lung cancer, gastric cancer, ovarian cancer, colorectal cancer, or squamous
cell carcimoma. Likewise, a dimernic binding molecule as provided herein can possess
binding characteristics or biological activity that can be distinguished from a binding
molecule comprising five or six binding units, e.g., a hexameric or peptameric IgM
antibody. For example, a dimeric binding molecule would be smaller, and could, for

exampie, achieve better fissue penetration in solid tumors.

{81721 In certain embodiments, the disclosure provides a dimerie binding molecule

comprising two bivalent bindiog units, where each binding uvait includes two IgA heavy
chain constant regions or fragments thereof, In certain embodiments, the two IgA heavy

chain constant regions are human heavy chain constant regions.

{#173] A dimeric IgA binding molecule as provided herein can further comprise a J chain,

or fragment thereof, or variant thercof. A dimeric IgA binding molecule as provided heren

can further comprise a secretory component, or fragment thereof, or vanant thereof,

{01741  An IgA heavy chain constant region can include one or more of a Cal domain, a

Co2 domain, and/or a Co3 domain, provided that the constant region can serve a desired
function in the binding molecule, e g., associate with a light chain constant region to
facilitate formation of an antigen binding domain or associate with another IgA binding
unit to form a dimeric binding molecule. In cortain embodiments the two IgA heavy chain
constant regions or fragments thereof within an individual binding unit cach comprise a
Co3 domain or fragment thereof, a tailpicce (TP) or fragment thereof, or any combination
of a Cu3 domain, a TP, or fragment thereof. In certain embodiments the two IgA heavy
chain constant regions or fragments thereof within an individual binding unit each further
comprise a CZ domain or fragment thereof, a Cal domain or fragment thereof, or a Cal

domain or fragment thereof and a CaZ domain or fragment thereof.

{8175] In certain embodiments each of the two IgA heavy chain constant regions in a given

binding unit is associated with an antigen binding domain, for example an Fv portion of

an antibody, e.g., a VH and a VL of a human or murine antibody, where the VL can be
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associated with a light cham constant region. In a binding molecule as provided herein at
least three antigen-binding domains of the binding molecule are DRS binding domains,

i.e.. binding domains that can specifically bind to DRS, e.g., human DRS.

J-chains and functional fragments or variants thereof

{6176}  In certain embodiments, the dimeric or pentameric binding molecules provided

herein comprises a J-chamn or functional fragment or vanant thercof In certam
embodiments, the multimeric binding molecule provided herein is pentameric and
comprises a §-chain or functional fragment or variant thereof. In certain embodiments, the
binding molecule provided heremn 1s dimeric and comprises a J-chain or functional
fragment or vartant thereof. In some embodiments, the dimeric or pentameric binding
molecule can comprise a naturally occurring J-chain sequence, such as a mature human J-
chain sequence {¢.g., SEQ 1D NO: 97}, Altematively, i some embodiments, the dimeric
or pentameric binding molecule can comprise a vanant J-chain sequence, such as a vanant
sequence described herein with reduced glveosylation or reduced binding to polymeric Ig
receptor {e.g., plgR}. In some embodiments, the dimeric or pentameric binding molecule
can comprise a tunctional fragroent of a naturally occurring or vatant J~chain. As persons
of ordinary skill i the ast will recognize, “a functional fragment” or a “functional vanant”
in this context includes those fragments and variants that can associate with binding units,
e.g., IgM or IgA beavy chain constant regions, to form a pentameric IgM antibody, IgM-
like antibody, or IgM-derived binding molecule or a dimenc IgA antibody, IgA-like
antibody, or IgA-derived binding molecule, and/for can associate with certain

immunoglobulin receptors, e.g., plgR.

{6177} To certain cmbodiments, the J-chain can be modified, e.g., by mtroduction of a

heterologous motety, or two or more heterologous moicties, e.g., polypeptides, without
interfering with the ability of binding molecule to assemble and bind to its binding
targei(s). See U S, Patont Nos. 9,951,134 and 10,400,038, and U8, Patent Application
Publication Nos. US-2019-0185570 and US-2018-0265596, each of which i3 incorporated

herein by reference in ifs entirety.

{8178]  Accordingly, a binding molecule provided by this disclosure, including multispecific

fgA, IgA-like, IgM, or IgM-like antibodies as described elsewhere herein, can comprise a
modified F-chain or functional fragment or variant thereof comprnsing a heterologous

moiety, e g., a heterclogous polvpeptide, introduced, e.g., fused or chemically conjugated,
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into the I-chain or fragment or vanant thereof. In certain embodiments, the heterologous
polypeptide can be fused to the N-terminus of the J-chain or functional fragment or variant
thereof, the C-terminus of the J-cham or functional fragment or variant thereof, or to both
the N-terminws and C-ternunus of the J-chain or functional fragment or variant thereof. In
certain embodiments the heterclogous polvpeptide can be fused mtemally within the J-
chain or functional fragment or variant thereof. In some embodiments, the heterologous
polypeptide can be introduced into the J-chain at or near a glycosylation site. In some
embodiments, the heterologous polypeptide can be infroduced into the J-chain within
about 10 amine acid residues from the C-terminus, or within about 10 amino acids from
the N-torminus. In certain embodiments, the heterologous polypeptide can be introduced
wto the mature human J-chain of SEQ 1D NO: 97 between cysteine residues 92 and 101
of SEQ ID NG 97, or an equivalent location in a J-chain sequence, e.g., a J-chain vanant
or functional fragment of a I-chain. In a farther embodiment, the heterclogous polypeptide
can be mtroduced into the mature human f-chain of SEQ D NGO 97 at or near a
glycosyiation site. In a further embodiment, the heterologous polypeptide can be
introduced into the mature human J-chain of SEQ 1D NO: 97 within about 10 amino acid

residues from the C-terminus, or within about 10 aming acids from the N-terminus.

{63175}  In certain crmbodiments the beterologous motety can be a peptide or polypeptide

sequence fused in frame to the J-chain or chemically conjugated to the J-chan or fragment
or variant thereof. In certain embodiments, the heterclogous polyvpeptide 1s fused to the J-
chain or functional fragment thereof via a peptide linker. Any suitable linker can be used,
for example the peptide linker can mnchuade at least 5 amino acids, at least ten anuno acids,
and least 20 aminc acds, at least 30 amino acids or more, and so on. In cerfain
embodiments. the peptide linker includes least 5 amino acids, but no more than 25 amino
acids. In certain embodiments the peptide linker can consist of 5 amino acids, 10 anino
acids, 13 amino acids, 20 amino acids, or 23 amino acids. In certamn embodiuments, the
peptide linker consists of GGGGS (SEQ 1D NQG: 99), GGGGSGGGES (SEQ ID NG: 1003,
GGGGSGGGGSGGGGS (SEQ ID NG 101), GGGGSGGGESGGGGSGGGGS (SEQID
NO: 102), ot GGGGSGGGGSGGGGSGGEGSGGGES (SEQ 1D NO: 103).

{#188] o certain embodiments the heterologous moiety can be a chemical moiety

conjugated to the J-chain. Heterologous moieties to be attached to a J-chain can include,
without limitation, a binding moiety, e g., an anttbody or antigen-binding fragment thereof,

e.g., a single chain Fv {scFv) molecule, a cviokine, e.g., IL-2 or IL-15 {see, e.g., PCT
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Application No. PCT US2019/057702, which 1s mncorporated herein by reference in its
entirety), a stabilizing peptide that can increase the half-life of the binding molecule, e.g.,
human serum albunin (HSA) or an HSA binding molecule, or a heterologous chemical

moiety such as a polymer or a cytotoxin.

{8181}  In some emboduments, a modified J-chain can comprise an antigen-binding domam

that can include without Himitation a polypeptide capable of specifically binding to a target
antigen. In certain embodiments, an antigen-binding domaim associated with a modified J-
chain can be an antibody or an antigen-binding fragment thereof. In certain embodiments
the antigen-binding domain can be a scFv antigen-binding domain or a single-chain
antigen-binding domain dertved, e.g., from a camelid or condricthoid antibody. In certain

embodiments, the target is a target epitope, a target antigen, a target cell, or a target organ.

{8182}  The antigen~binding domain can be mtroduced nto the J-chain at any location that

allows the binding of the antigen-binding domain to its binding target without inferfering
with J-chain function or the function of an associated multimeric binding molecule, e.g.. a
pentameric IgM or dimeric IgA antibody. Insertion locations include but are not limited to
at or near the C-terminags, at or near the N-terminus or at an internal location that, based

on the three-dimensional structure of the J-cham, is accessible.

Variant J-chains that confer increased serum half-life

[6183]  In certain embodiments, the J-chain 15 a functional variant J-chain that includes one

or more single amino acid substitutions, deletions, or msertions relative to a reference J-
chain identical to the varant I-chain except for the one or more single amino acid
substitutions, deletions, or insertions. For cxample, certain amino acid substitutions,
deletions, or imsertions can result 1 the IgM-denved binding molecule exhibiting an
increased serum half~life vpon administration to a subject ammal relative to a reference
IgM-derived binding molecule that i3 identical except for the one or more single amino
acid substitutions, deletions, or msertions in the vanant J-chain, and is admmistered using
the same method o the same animal species. In certain embodiments the vaniant J-chain
can include one, two, three, or four single amino acid substitutions, deletions, or insertions

relative to the reference J-cham.

{0184] Yo certam embodiments, the J-chain, such as a modified J-chain, comprises an amino

acid substiftion at the amino acid position corresponding to amino acid Y102 of the

mature wild-type human J-chain (SEQ D NO: 973, By “ap amuno acid corresponding to
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amino acid Y 102 of the mature wild-type human J-chain™ is meant the anuno acid i the
sequence of the I-chain, which is homologous to Y102 in the human F-chain. For example,
see PCT Pablication No. WO 2019/1693 14, which is incorporated herein by reference in
its entirety. The position comesponding to Y102 in SEQ ID NO: 97 1s conserved mn the J-
chain anuno acid sequences of at least 43 other species. See FIG. 4 of US. Patent No.
9,951,134, which is incorporated by reference herein. Certain mutations at the position
corresponding to Y102 of SEG ID NG: 97 can mlubtt the binding of certain
mmunogiobulin receptors, e.g., the human or murine Feou receptor, the murime Fey
receptor, and/or the human or murine polvmeric Ig receptor (plgR) to an IgM pentamer

comprising the vadant J-chain.

{0185} A multimenc binding molecule comprising a mutation at the amino acid

corresponding to Y102 of SEQ ID NG: 97 has an improved scrum halfthfe when
adminstered to an animal than a corresponding multimeric binding molecule that is
identical except for the substitution, and which is administered to the same species in the
same manner. In cortain embodiments, the amino acid corresponding to Y102 of SEQ ID
NQO: 97 can be substitted with any amino acid. In certain embodiments, the amino acid
corresponding to Y102 of SEGQ ID NO: 97 can be substituted with alanine {A), serine (8)
or arginine (R}, In a particular erabodiment, the ammo acid corresponding to Y 102 of SEQ
ID NG: 97 can be substituted with alanine. In a particular embodiment the J-cham or
functional fragment or variant thereof is a variant human J-chain referred to herein as “J*,”

and comprises the aming acid sequence SEQ 1D NO: 98

{0186]  Wild-tvpe J-chains typically include one N-linked glycosylation site. o certain

embodiments, a variant J-chain or functional fragment thereof of a mudtimeric binding
molecule as provided herein includes a mutation within the asparagine(N}-linked
glycosylation motif N-Xi-S/T, e. g, starting at the amino acid position corresponding to
amino acid 49 (motif N6} of the mature human J-chain (SEQ ID NO: 97} or ¥ (SEQ ID
NG 98), where N is asparagine, X1 18 any amino acid except prohine, and /T is serine or
threonine, and where the mutation prevents glycosylation at that motif. As demonstrated
in PCT Publication No. W 2019/1693 14, mutations preventing ghvcosylation at this site
can result in the multimeric binding molecule as provided herein, exlubiting an increased
serum half-life upon administration to a subject animal relative to a reference maltimeric

binding molecule that is tdentical except for the mutation or mutations proventing
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glveosylation in the variant J-chain, and 1s administered in the same way fo the same

animal species.

{3187}  For example, in certain embodiments the varant J-chain or functional fragment

thereof of a pentameric lgM-derived or dimeric IgA-derived binding molecule as provided
herein can include an anuno acid substitution at the anuno acid position corresponding to
amino acid N49 or amino acid 851 of SEQ 1D NG: 97 or SEQ 1D NG: 98, provided that
the amino acid corresponding to 851 is not substituted with threomine (1), or where the
variant J-chain comprises amino acid substitutions at the amino acid positions
corresponding to both aming acids N49 and 851 of SEQID NG $7 or SEQIDNO: 9R. In
certain cmbodiuments, the position corresponding to N49 of SEQ ID NO: 97 or SEQ 1D
NG: 928 s substitited with any amino acid, e.g., alanine (A}, glycine (G), threonine (T),
serine {8} or aspartic acid (D). In a particular embodiment, the position corresponding to
N49 of SEQ ID NG 97 or SEQ ID NO: 98 can be substituted with alanine {A). In another
particular embodiment, the posttion corresponding to N49 of SEQ ID NG 97 or SEQ ID
NO: 98 can be substituted with aspartic acid (D).

Variant IgM constant rogions

{3188]  1gM heavy chain constant regions of a multimenc binding molecule as provided

herein can be engincered to confer certain desirable properties to the multimeric binding
molecules provided berein. For example, n cortain crobodiments, IgM heavy cham
constant regions can be enginecred to confer enhanced serum half-life to multimeric
binding molecides as provided hercin. Exemplary IgM heavy chain constant region
mutations that can enhance serum half-life of an IgM-derived binding molecule are
disclosed 10 PCT Publication No. WO 2019/169314, which is incorporated by reference
herein i its entirety. For example, a variant IgM heavy chain constant region of the IgM
antibody, IgM-like antibody, or IghM-derived binding molecule as provided herein can
include an amine acid substitution at a position cotresponding o anuino acid 8401, E402,
E403, R344, and/or E345 of a wild-tvpe human IgM constant region {e.g., SEQ ID N
91 or SEQ ID NG: 92). By “an anuno acid corresponding to amino acid 5401, E402, E403,
R344, and/or E345 of a wild-type human IgM constant region” is meant the amino acid in
the scquence of the 1gM constant region of any species which is homologous to S401,

E402, E403, R344, and/or E345 in the human IgM constant region. In certain
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embodiments, the amino acid corresponding to 8401, E402, E403, R344, and/or E345 of
SEQ ID NG: 91 or SEQ 1D NO: 92 can be substituted with any amino acid, ¢.g., alanine.

{0189)  In certain embodiments, an IgM antibody, lgM-like antibody, or other IgM-derived

binding molecule as provided herein, can be engiveered to exhubit reduced complement-
dependent cytotoxicity (CDC) activity to cells in the presence of complement, relative fo
a reference igM antibody, IgM-like antibody, or other IgM-derived binding molecule with
corresponding reference human IgM constant regions identical, except for the mutations
conferring reduced CDC activity, These CDC mutations can be combined with any of the
mutations to confer increased serum half-hife as provided herein. By “corresponding
reference human IgM constant region” is meant a human IgM constant region that is
identical to the variant IgM constant region except for the modification or modifications
in the constant region affecting CDC activity. In certain embodiments, the variant human
IgM constant region includes one or more amino acid sabstibitions, e g, in the Cu3
domain, relative to a wild-type human lgM constant region as described, e.g., in PCT
Publication No. WO/2018/187702, which is incorporated berein by reference in s
entirety. Assays for measuring UDC are well known to those of ordinary skill in the art,

and excraplary assays are described e.g, in PCT Pablication No. W{/2018/187702.

{6196}  In certain embodiments, a varnant buman IgM constant region confernng reduced

CDC activity includes an anuno acid substitution corresponding fo the wild-type human
IgM constant region at position L310, P311, P313, and/or K315 of SEQ {D NO: 91 (human
igM constant region allele IGHM*03) or SEQ ID NO: 92 (human IgM constant region
allele IGHM*04). In certain emboduments, a variant human IgM constant region
conferring reduced CDC activity inchudes an amino acid substitution corresponding to the
wild-type human [gM constant region at position P311 of SEQ 1D NG: 91 or SEQ 1D NO:
92. In other embodiments the varnant IgM constant region as provided hercin contains an
amino acid substitution corresponding to the wild-type human IgM constant region at
position P313 of SEQ ID NO: 81 or SEQ ID NO: 92, In other embodiments the vanant
IgM constant region as provided hercin comtains a combination of substitutions
corresponding to the wild-type human IgM constant region at positions P311 of SEQ ID
NO: 61 or SEGID NG: 92 and P313 of SEQ 1D NO: 91 or SEQ IDNO: 92, These proline
restdues can be independently substituted with any amino acid, e.g., with alanine, serine,

or glveine.
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{#191]  Human and certain non-human prmate IgM constant regions typically include five

(§) naturally-occurring asparagine (N}-linked glycosylation motifs or sites. As used herein
“an N-linked glycosylation motif” comprises or consists of the amino acid sequence N-
Xi-S/T, where N is asparagine, X 1s any anuno acid excopt proline (P), and S/T is serine
{S) or threonine (T}, The glvcan is attached o the nitrogen atom of the asparagine residue.
See, e.g., Drickamer K, Taylor ME (2006), introduction to Glyeobiology (Znd ed ). Oxford
University Press, USA. N-linked glyvcosylation motifs occur tn the human IgM beavy chain
constant regions of SHQ ID NQG: 91 or SEQ 1D NO: 92 starting at positions 46 ("N17), 209
{("IN273, 272 ("IN37), 279 ("IN47), and 440 (NS5, These five motifs are conserved in non-
human primate IgM heavy chain constant regions, and four of the five are conserved inthe
mouse fgM heavy chain constant region. Accordingly, in some embodiments, lgM heavy
chain constant regions of a multimeric binding molecule as provided herein comprise S N-
linked glveosylation motifs: N1, N2, N3, N4, and N5. In some embodiments, at least three
of the N-linked glycosylation motifs (c.g.. NI, N2, and N3} on cach IgM heavy chain

constant region are occupied by a complex glvean.

{#192]  In certain embodiments, at least one, at least two, at least three, or at least four of the

N- X5-8/T motifs can include an aminc acid insertion, deletion, or substitution that
prevends ghycosvlation at that motif. In certain cmbodiments, the IgM-dernived mulitmeric
binding molecule can include an amino acid insertion, deletion, or substitution at motif
Ni, motif N2, motif N3, motif N3, or any combination of two or more, three or more, or
all four of motifs NI, N2, N3, or N5, where the amino acid insertion, deletion, or
substitution prevents glycosviation at that motif. In some embodment, the IgM constant
region comprises two or more substitutions relative to a wild-type human IgM constant
region at positions 46, 209, 272, or 440 of SEQ ID NO: 91 (human IgM constant region
allele IGHM*03) or SEQ ID NG: 92 thuman IgM constant region allele IGHM*04). See,
e.g., US. Provisional Application No. 62/891,263, which 15 incorporated herein by

reference in its entirety.

DRS Binding Domains

{8i193] A DRS binding molecule, e.g., an anti-DRS antibody or fragment, variant, or

2.,
derivative thercof as provided heremn can be dimeric, pentameric, or hexameric,
comprising two, five, or six bivalent binding units, respectively. The binding units can be

futfl length or variants or fragments thercof that retain binding function.
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{#194]  Fach binding unit comprises two IgA or IgM heavy chamn constant regions or
fragments thereof, cach associated with an antigen-binding domain. As noted above, an
antigen binding domain is a region of a binding molecule that is necessary and sefficient

o specifically bind to an epitope. A “binding molecule™ as described berein can include

N

one, two, three, four, five, six, seven, eight, mine, ten, eleven, twelve or more “antigen
binding domains.”

{6195} A dimenc, pentameric, or hexamernc binding molecule as provided herein can
mclude at least three antigen-binding domains which specifically and agonistically bind to
DRS. As noted above DRS, upon activation, can induce apoptosis of the cell expressing

10 the DR3 proteins which were bound. Apoptosis will occur, as presently understood, when

multiple receptor proteins are bound together, causing cross-linking of the receptor
molecules such that a signal is transmitted across the cell membrane into the cytosol of the
cell expressing DRS.

{8196} A dimeric, pentameric, or hexameric binding molecule as provided herein can cross-

15 {ink at icast three DRS monomers expressed on the surface of a cell. Due to the dimeric,

pentameric, or hexameric nature of a DR5 binding molecule as provided herein, the
molecule can cross-link as many as three, four, five, six, seven, eight, nine, ten, cleven, or
twelve DRS monomers on a cell. The receptor proteins are then spatially brought wto
proximity of each other, thereby contributing to their cross-linking and activation. When
20 all five or all six of the bivalent binding units a DR3 binding molecule as provided herein
bind to a receptor, binding up o ten or twelve DR S monomers on a single cell, respectively,
cross-hinking and activation of the receptors can occur.

{31971 Because cach of the binding umis 1s bivalent, each binding molecule can bind to as
many as 4 {for dimeric binding molecules), 10 (for pentameric binding molecules), or 12

25 {(for hexameric binding molecules) DRS monomers.

{81981  Upon activation of the receptors by the binding of a dimeric, pentameric, or
hexameric binding molecule as provided herein, the cell can either undergo apoptosis as
described above.

{6199}  Tn ceriain cmbodiments, a dimeric, pentameric, or hexameric binding molecule as

30 presently disclosed can induce DR5-mediated apoptosis in a DRS-expressing cell at a

higher potency than an equivalent amount of a bivalent IgG antibody or fragment thereof,

which also specifically binds to and agonizes DR3. Not wishing to be bound by theary,

because a provided binding molecule is dimeric, pentameric, or hexameric, and because
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cach binding umit is bivalent, such a binding molecule can induce receptor-mediated
functions previously characterized for DRS at a higher potency than any single binding
unit alone, such as an equivalent IgG binding unit IgG binding units are bivalent,
containing two binding sites, but as previous clinical studies have shown, binding of two
DR3 receptors with a single IgG molecule can be meffoctive without addition of other
componerndts, such as cross-tinkers, etc.

{@200] By “potency” or “improved binding characteristics” 1s meant the least amount of a
given binding molecule necessary to achieve a given biological result, e.g., activation of
20%, 50%, or 90% of DRS monomers in a given assay, e.g., an ELISA or Western blot-
based caspase assays, annexin-v staining as seen by FACS analysis, or other assay. Or a
reduced tumor growth rate or increased survival in an iz vivo tumor assay.

{82611  Because a binding molecule as provided herein is dimeric, pentameric, or hexamerie,
it can contain as many as 4, 10, or 12, respectively, antigen-binding domains. Each of the
antigen-binding domains can specifically bind to and agonize DRS. Further, each antigen-
binding domain can be specific for one particular epitope of DRS.

{B202] Thus, a single dimeric, pentameric, or hexameric binding molecule can: a)
simultaneously bind a single epitope on DRS, or b) bind many different epitopes on DRS.

{02063} The bindimg untts of a dimeric, pentamernic, or hexameric binding molecule as
provided herein can be human, humanized, or chimerne immunoglobulin binding units.
Methods of humanizing immunoglobulin sequences are well known in the art. Thus, the
nuclestide sequences cncoding a dimeric, pentameric, or hexameric binding molecule
polypeptide can be directly from buman sequences, or can be bumanized or chimerie, ie.,
encoded by sequences from maltiple different species.

{02064]  The cclls which express DRS can be any animal cell. For imstance, in one
embodiment, the cell is a buman ccll. For cxample, the cell can be any one or more of
primate, rodent, canine, equine, ote., colls. Further, the cell expressing DRS can be a cancer
cell. That is, the cell can be a cell in a tumor which i1s malignant or benign.

{6205} A dimeric, pentameric, or hexameric binding molecule as provided herein can be
genctically engincered such that its antigen-binding domains are encoded by sequences
known to specifically bind DRS. Many groups have pubhished sequences of vanable
regions of monoclonal antibodies, most of the IgG isotype that are characterized and are
known to specifically bind to DRS. Non-limiting immunoglobulin variable domain

sequences that are known to specifically bind to DRS are provided in Tables 2 and 3. One
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of skill in the art i3 capable of engineering these published sequences nto immunoglobulin
structures, such as an IgQ, IgA IgM structure, or biologically active or functional
multimeric fragments variants, or derivatives thereof. Methods for genetically engineering
cloned variable regions into tmnwnoglobulin domains, and cxpressing and purnifying such

constructs are published and within the capability of one skilled in the art.

{0206]  Thus, in certain embodiments, a DRS binding domain as provided herein comprises

six ipununoglobulin complementarity determining regions HCDRI, HCDR2, HCDR3,
LCDRI, LCDR2, and LCDR3A, or the sox mmmunoglobulin complementarity determining
regions with one, two, three, four, or five single anmino acid substitutions in one or more
CDR, of an anti-DR3S mAb comprising the VH and VL amino acid sequences SEQ 1D NO:
P and SEQ D NG 2; SEQ 1D NO: 3 and SEQ ID NO: 4; SEQ ID NG: S or SEQ 1D NOG:
90 and SEQ ID NO: 6; SEQ ID NO: 7 and SEQ 1D NO: 8; SEQ 1D NG: 9 and SEQ ID
NG 10, SEQ ID NG: 11 and SEQ ID NG 12; SEQ ID NO: 13 and SEQ ID NG 14; SEQ
3 NO: 15 and SEQ D NO: 16; SEQ 1D NG: 17 and SEQ 1D NO: 1%, SEGQ ID NO: 19
and SEQ 1D NO: 20; SEQ 1D NO: 21 and SEQ 1D NO: 22; SEQ 1D NO: 23 and SEQ ID
NQO: 24; SEQ ID NGO 25 and SEQ 1D NO: 26; SEQ ID NO: 27 and SEQ D NO: 28; SEQ
[0 NO: 29 and SEQ ID NO: 30; SEQ 1D NO: 31 and SEQ 1D NO: 32; SEQ 1D NG 33
and SEQ 1D NO: 34; SEQ ID NO: 33 and SEQ 1D NO: 36; SEQ 1D NO: 37 and SEQ ID
NG 38 SEQ 1D NO: 39 and SEQ ID NG: 40; SEQ ID NG: 41 and SEQ 1D NG: 42; SEQ
D NO: 43 and SEQ ID NO: 44; SEQ ID NO: 43 and SEQ ID NG: 46; SEQ ID NG: 47
and SEQ 1D NO: 48; SEQ 1D NO: 49 and SEQ 1D NO: 50; SEG 1D NGO: 51 and SEQ ID
NG: 52; SEQ ID NO: 53 and SEQ ID NO: 54; SEQ ID NGO: 55 and SEQ ID NO: 56; SEQ
ID NQG: 82 and SEQ ID NQ: 83; SEQ D NOG: 84 and SEQ D NQO: 85; SEQ ID N{O: 86
and SEQ 1D NG: 87; or SEQ 1D NO: 88 and SEQ 1D NGO 89; respectively, or the ScFv
sequence SEQ 1D NO: 57, SEGQ ID NGO 58, SEQ 1D NO: 59, SEQ 1D NO: 60, SEQ 1D
NG: 61, SEQID NO: 62, SEQ D NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO:
66, SEQ 1D NG: 67, SEG 1D NO: 68, SEQ 1D NG: 69, SEQ 1D NO: 70, SEQ ID NG: 71,
SEQ ID NG: 72, or SEQ D NO: 73

{0207}  In some embodunents, a DRS binding domain as provided herein comprises six

immnunoglobulin complementarity  determining regions HCDRI, HCDR2, HCDR3,
LCBRI, LCPR2Z, and LCDR3, or the six immaunoglobulin complementarity determining
regions with one, two, three, four, or five single amino acid substitutions in one or more

CDR, of an anti-DRS mAb comprising the VH and VL amino acid sequences SEQ ID NO:

[
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SorSEQIDNG: 90 and SEQIDNG: 6, or SEQGIDNO: 7 and SEQ ID NO: 8, respectively.
In some embodiments, a2 DRS binding domain as provided herein comprises six
immunoglobulin complementarity determining regions HCDRI1I, HCDR2, HCDR3,
LODRL LCDRZ, and LCDR3, or the six immunoglobulin complementarnty determaining
regions with one, two, three, four, or five single amino acid substitutions in one or more
CDR, of an anti-DRS mAb comprising the VH and VL amino acid sequences SEQ ID NG:
5 and SEQ ID NO: 6, respectively. In some embodiments, a DRS binding domain as
provided heremn comprises six immuwogliobulin complementarity determimng regions
HCDRI, HCDR2, HCPR3, LUDRI, LCDRZ, and LCDR3, or the six mmunoglobulin
complementarity determining regions with one, two, theee, four, or five single anuno acid
substitutions in ong or more CDR, of an anti-DRS mAb comprising the VH and VL amino
acid sequences SEQ 1D NO: 90 and SEQ ID NG: 6; or SEQ 1D NO: 7 and SEQ ID NG: 8,
respectively. In some embodiments, a DR35S binding domain as provided herein comprises
stx inununoglobulin complementarity determining regions HCDRI, HCDR2, HCDR3,
LCDRI, LCDR2, and LCDR3, or the six mumunogiobulin complementarity determining
regions with one, two, three, four, or five single amine acid substibitions in one or more
CDR, of an anti-DR5 mADb comprising the VH and VL amino acid sequences SE{} 1D NO:
7 and SEQ 1D NO: 8, respectively.

[

L

0
e



PCT/US2021/032078

WO 2021/231639

SHADAODALALLYAHOOO AL TYOUAYO
ASSILTLACIOSOS O LAIGIADLHE LS VM AT T TS O

. SSALTLIOODM AQLADVID AV IIAAVSTISLTS
SHOWAYISSSIAY L ILYIDNANAS A MLNARDI AIMDIA T TO0

OOAMY AV ISATOSVIADLISA HADASLSINATHSOLINAIL 07 | ODIOIAMBIIAS LILADS VIDSNHASYOIIA TIIDS OO IOAT of
VI TOVDALTALS M ATOD A ALV AL YSALALIDOOM AV IADAANLIHEY DA AWV LGS IS SING 1S
0LL°L68° L | HLOISLIS TLAMDS DSOS TESIADLAIS LY OS I TTIIVND TENNYNGISILIED YN LA A ALEDDASIAY AMT THHILOY
ON IR 'S | DIOOAMY TINAIAIS VIDLILAYAD ISASIS S8 OINGIT 21 | AMSINCAASSEVADSY VIS TATSODIIA TODOSHA THATZDIOAD L1
NIETILSOOILHIAHIS QIO AR ADATAVEA SSALALIDODMAGNVIARAVLAAYIISS
1V 89L€90/FT0T OM | SINILIGLOSDSOSTIAIAD S TINSANAI TIOAS OO TA I TAY ISASLOTISIASAD SOV ALIID LA INIMDNM T IOND
ON BOREIGN L0 | AAHTALNDONSHA ISOSSUOSIS Y IDJ LA IS SO LNALG 91§ AVOHAMNNS IALILADS Y ISAMASYO LN TESISOA TOAD i
MATHLODDALMIABLSOS BAA Y IAEVAAESDI SSALTLISODMAGIADDSUARAVSYDOLAAVSTHS LTS
TY9CL9E92dH ON | TLAGLOSDSDSIHISADSRINSA YA T OIS OnE IO TAM TIAWHVLLS S MOAL TLVIDNTION AL LN AGLRDIMTTSY
uenesgng med i | BIALNONSHA TSOSS IS ISVOOD ISAS IS T4 LOLNAAG P DHSOMNMNINGASHIS KOS ¥ HOSTIAS Y YA THIDS OO IOAY 1
WSEACLDD SSALALIDODMATAND AAATHAKXS
DALTIMNSHOOD A XA Y ITAIT ISSILILIALOSDSDE Y O8O ASHYDAAAYLAISWISSTINAVLSISINHLNLAIDDIND
LILCITL | dAIDLYVINSYOATTIYODIIOOAMY TASSASOS VIS T JADLSALAINNADINMT TOODIYOHAMNIIANLILADS LD
ON IR S | LYIEDdS IS IEVASOL TAIED LA A TTT I TIOVAVEN 71§ SAMASYOOINEVOSOATOAOSHYSIV VYA TI INIMLATIN 11
OHATALODOALHAARLSCA I HAAD THEVHAESDI SSALTLIDCOMACGRIASLALY.LAE NI
OIT'E68' L | ILACIOSDSOSIIdADS LINSANAT TS OOdS 0 TAM Y IAVLEVSLENS TV I 40 S GOV ALJI DL A LN A DA T T
ON O] S ] HIALNDNSHATSOSS SISV OOD ISAL IS T LOLNAAG 01 | DgVOMAMNNSAQLALADSY LISIMA LAD I THEDSOATOID 6
SIHAAMISODALHASS AOODIA ALY AGHO SSALATLOOSMACGLLINSADYEVIAAAVLAAVITS
FSSILTLAQLOSDSOSFdSIADLHYLS VM AT T TV DY N TAILN Y NS LD NA SUIAALASODSSILVAMT IO A
OOAMYAVIDAGDSVADLLLAYODASYSISSISOLNGIA 2 | DAYOAAMSINAASSALIDS VYIS T IS OOHA0OA TODDSHATOAT L
MHARIDODALMASSDIAO0AAAY AL SSALALLOUOMATINDAAAUDDYEY JARAY IOV VL
OIS | AT TYSILILAGLOSOSDS SYUIDEL Y HSS YDA TISAVINd ASSTHISAOIS LOA SITANS YIS INA AL IO SNHIEDID T IOND
ON WML S | AOOAMY TASYSIDOS YOS TLY HEDS IS TLOESOL 1A 9 | JIOWMEMAATDISSISDOSALOL IS TLOS CIA DS I0AD ¢
TAL DIIDSDIAAHNDS SOV SND AAVAT SSATALIOMOMAGIAMD IOV IDIVO AAAV LATVE ISNA
£8L°670'8 | AVOVDLILISVINDSSSOS DAIIDSNINNYOAIATALYO O A TSNV NOISLLA D HMAS OV ADLSDDOMNIDS AMTIOND
ON SRS SN | ODIOOAMSY AASTISADSLTIALOD TYASAVIAOLTIS P | dVOEAMSINY AAQILIDS VYIS THISODIFIADDOSOATOAT £
TALTALDDDIAARNDSSTISNIAAGY IS SSALALLDSIOM TGIAMDYOVO TNV AAA Y LAIVHITSNIA
I¥6SE69709007 0K | YOVOLLLISVLNDSSSDSIHAIOSNNN D AN TALY SO CYIATTSNIV NCIISTLIANDIAS QY ADLSOONMNIDS AM T IOND
gngd diy uoled §01 | SO0AMSYAASYISUDOILNALOY TYASAY UL 7| SVONAMSNDAQOALADSY YIS THISDOQHEADDOSOATOAT i
i i
ISURIBFIY wEYy 3g8ry 20 1A | OES BiEyy AAUH 46 HA | OIS

saouanbog (WY WA 10} A PUB (WY AARSH JO) HA APOGINIY YUY T OfEL

e



PCT/US2021/032078

WO 2021/231639

STHANLOOOALTALE ASDODAALY A

SSALALL
OUDMACND AR AAAIISSNSAA DNV ARAV LAEY Y TSNN

807175, | GAEOTSSLL ILAGLOS DSOS IS JASSOY ISSLVST T TV D O A TLN SNOYS LD MASUY A A INSDUAMIAVAMT I YD
ON RS SN | JMOOAMNTIALSISOSLIDLILAYGOASYS 159450 LINGIT O | dYOHAAMHND ANNILIDS VY 35 T IS HOEUAADDDSHATOAD [33
ETALDODISSALS AACHI A AAVATIYOISSIL SSALALIDOOMATNDD TS Y JAAAYLIGIV YT
SPO176°L | TLAQLDSDSDSIAGAADSTILSVMAT T TNIIODIN IO AM SMNNOTATSMAVNOISILAIDNASAY AALLSDSASIASAMTION
ON IR 'S | LTANSINNSSHIASOSSNONILY HED ISA VIS Udd0LNAID ¢ | DAVOUIMSINAATS ALIDS VYOS TH IS DDA TDODOSIATOAD L€
SMHAZLODDAL IGLY IVOINI A AADACEYHEAES SSALANIDODAICT TINANADIVIARAVLAVY LA
SPOITCL | I TS SOSDSTHAIADS VNSO TAI TI0d5 0D M0 1A S ISAONYSLUASILIAES T ISANAA LSS A ALADIAT TOND
ON U] S0 ] ACTANASNY TISOSSHOSISYAEDd LA IS T4SOLNALG 9% | JHOMIMSMAANISSISODSA LI IS DS IMA IDIDSHO IOAD 5¢
MEIANISIOALAALS AAOODAAAYAQAY TISSIL SEALATLDODMSGIVIADSIDYISOAV I AAAV.IAY
POI7C°L | TLAGLDSDSDS NIAJADSTILS VA AT T THAIODAN0O A M LLASLTYISAONSISLAASILA IS ISANANLS DS AR IADIAT D
ON HMES S | VIADINNSYATASOSS HONILY HED ISAV IS QLSOLINAIT v | NOddOMIMSMAANSISODSALOL IS TLESIHMAIOIOSOAYOAD £
MEANLOSOAL TdVENAMODAALY AT SEALIATIDUDM TUIAMMSESS AUV I AAAY LAV TSN
HAOISSLLIIAGEDS DSOS IS AADSO TSV Y AL T IdA M INCY TR TENDES NS ELEE A S QY A RN SDIAMIAVAM T IO
JHOOAM Y ITANSIOOSVIDLILANGDASYS ISSASINOIA | T6 | DdYOUAMHIDAASILIDSVY XS T ISHDAOAADDDSHATOAD 1g
SEAANIODILAILIAIOODIALV IO SSALAWNLDOOM IGIVALOVY VDIV IAAAVIGIA Y
8¥0176°L | EJOTISSILTLAALDSDS IS LISIAVSOASSATHI TINGY MO SNIOTA TSNV NAHES ILIIDYAS AV AGHSDSSSIHSAMTTON
ON RS SN | JAOOAMNIANSISOSSYDLILAYGOASYS I8Sd8 O LINGIT 0¢ | DAVOHIMNINALCGSALIDSY YIS T IS OO A TOO0SHATOAD 67
NHAMEIDOD L LMASNH T A LLIAE SSALATIOODMAGIOMDSSARIVIARAYIAVYIA
VOITSL | dOTSSLLLLIEIDSDSOSIASIADUMD TSS Y VAT TRV SETYISAOMNASLAASILANS N TS INAA VIS AALADIAT IONG
ON B S | AOOIMD TN IDNS VIO LLLAMIDAS VS ISS4SOLNDIA %7 | AHOMIMSMAHDODSSISODSAL LIS TLOSIIAIOIDSIO IOAD L7
SHHA MEDOD LM IISNHO T IAALLAAH SEALATOODMAGIDMDSSAUIVIARAY LAY VLA
SPITCL | JOTISSIL LIS DSOS JASIA DI TSV V AT TV HEd SETY IS AON NS LOASI LAY N IS INA AVEDS AAIASAA S TOND
ON S S0 ] MOOHMD TN IDOS VI LA UDAS VS ISSISOLNGHA 97 | JHOMIMSMAHDDSSISOOSA LI IS ILDS A IDIDSHO IOAD ¥4
MIEAALDODILMAISAHOTIAALY AR SSALATIDOOMAGIDMDSSADAVIAAAVLAVY LA
0178 L | JOTISSILILATLOS DSOS IHSIADIOISS VY AT THNEA NG ST TSIOMNAS LAASILAMS Y ISINAALSOS A AADIMTTOND
ON HMES S | NOOIMD TANY IDOS VI LILAMODAS VS ISSISOLINDIT Y7 | JHOMIMSMAHDDSSISOOSA LD LIS TLOS DA TDIDSIOIOAD <7
SHHA HLSODAL T ASOOI AR LY SOALALLODUOMACIHS DS DAHNMAY I AAAY LAAESY 1581
{YO178°L | HAOISSILILAGEDSDSDS S IIADS I ISS VY AL T IV 35 INAYLSISLNALNLAYDODIOVADLNUS NGNINMDWM T 100D
ON RS S E DIODAMNIAISISOS Y U ALILAYGDASYS 18SdS T LNDIY T EVOUAMMIGASLALADSY YISAMASY DOIAHYDSOA IOAD 17
Qi T
ISURIBJY @y 1gery 56 1A | OES BRIy AAReH S0 HA | DES

- 60 -



PCT/US2021/032078

WO 2021/231639

LILSITL

LEAAANLD
DAL EACSIOODAAAVIQEETSSILTLAALOSDS DS 4dY
dSOLYVUNSYOAI TTIIYODNOOAM Y TASSASOS YIS T

 SYSSALATIOODMAGHEVA
STIVIAAAVLAYALASS TITSAONYS LAASILAMS N ISSNAAL
SOUARANDIMHTIONDAIOMIM DM ANSESSISODSALIL IS TLE

ON SRS SN | LYYEADIS IS ILVISOLTAIEOLLAd M TTT A TIOVAYEN ¢8| SDIATOIDSEO T TOS TAMYIY YA T T 1IEM THSIADT IO 1A ¥R
DHAAMED SYSSALATTLOOOMALIEY
ADELTAMNSHOOO A AAV ATEIT IS SIL LLAQIDS DS DS I ALTIVOAAAY LAV Y LASS T ISSONYSLUASLLA S A ISAN AL
LILSIT L | VADLYVENS YO AT TTEIVDISTIOOAM Y TISSASOSVEOST ISOSAASDIMHA T HDIOMMDMASEISLSOTDSALOL IS LLE
ON WNES ST | LY HHDS IS LLVES QL TATEDLLGE A TTT IOV VAN €2 | SIAMATIOIDSIO IO IO TAMMAY VA T T4 TEOIADTYDIN IO 78
TISSOALILLAHOODAATY TAAVO SSALILIOODMAGIAIDTIHNV IAAAVSTES LTS T
8196770 | ASSILILAGIOSDSD LINAIADIHYLSVAAITIIASODAY TNAALNSSNAY L ILVIEEANASIADOD AAIMOIMTTOND
O HMEL S | OOAMVIVINAGOSVIDLISAHADAS LSINIHSOLINAIL 96 | SHOSAMHILAGLALADS YOS TIASVOINA THVOSOOIOAY c¢
VYA A TIIOVOAL TINS S A OOIAALY VUEYVE SSALILIDODM AGIAIDTAH AV I AAAVSDISL RIS T
LI96TT L | NSSLL L AGLDSDSDLIHGIADLHYLE VA AT TSSO TN AALNSS MOV LY SIS YANA SHADDD UM DIMTID0D
ON RS S | OOAMYIVINACOSY SOLISABIOA TSNS THSTBLIAVIY PS | SHOMAMHILAGLALADS YIS THAS YOI HA THVDSOO IOAY £
SHTHANISODALEIISNY OO AALY I SSALATIOODMIAIMTASDSDNTIVIAAAVIAYVIA
8¥0°176°L | HAOTSSILILAGLDSDSDS DISIADS OIS VAL LAV ID SETNISSOMMS LAASILAMS Y IS AN AALSDS AATADIAMT INID I
ON IR 'S | NOOAMYTMSSIDOS VIDIIIAYGDASVSASSISOLNGIA 76 | HOWIMSMAACDSSISODSALIL IS TLOSIA TOEDSIONOAD s
SHHA SISO L EdASNYOOIAA LY U SSALATIDODMICIMUASDSDNIY IARAVLAVY.L
80175 | A0 ISSILTLACGLDS DSOS AUSIADSOASS VAL I IV D ASSTHIS A LOASIEAYS YIS AN ALSDS AAADIMT IO YD
ON SR SN | MOOAMYIMSSIDOS VADLIIAYGDASYSASSISOLINDIA 05 | JHOHEIMSMAADDSSISDOSAS LIS TLOSDIAIOIOS IO I0AD 6%
SSAL
SHAAMISODIL TIASNAOODAALY AT ALLDODMATADAAAASOADNLIADATIVIAAAVLAIVAIS
SPOUZE L | S0 ISSIL LLEQIDEDENSIISIADSO TS YV ALIS NV HE NAD TATINASNEAS I O AS OV AR DIDAAMIAYAMTTD
ONHNET S | INOGIAY TTANSIDOS Y HALLLAMGOASY S T8SISOINOIT St | ADdVOHAMHNDASSALIDS VYOS TAISUDIOAADDDSEATO 154
MIFANLDOOALAIASNY DO AALY U SSALATLOODMIGIM TN AMSSDUEY AL VLAIVHIS
{0 17s L | dUTS ISOSOSTASIADSGISSYY AT THIYV IO NIADY TA TSN YN AADMNASAY ALIASSSSSISSAMTIDED
ON RS S | DO AMA TAASSIDUS VEDLLLAAUDASVEA SISO or | EVOUAMNINSASSALADSY VIS T ISOOIIA TODOSHAADAL Sy
SIHANIOODOAL TIIS AACOI AAAVATEVOTSSIL SSALATIOHOM TAIAMADSSODUYIARAVIAYYIA
SFO176°L | LLIALOSDSOSNAADSTHLS VAAT T TIIOD GO AN SUTIISIONIS LAASLLAES Y ISINANLS DS HNIAD LT IO UD
ON IR 'S | ATANSINNSSHIASOSSNONILY HID TSA VIS AdSOLINAID Py | dEOMIMSMAADSISODAAVOL IS ILASSYI TIVOMOOIOAD oy
SSALALL
SMIEANLOODAL TALSASOUIAAVY L DODMATNDAAAARIISSSSAALIAVI ARAV LUAVY TSN
{YO174°L | IO ISSILILACIDSDS DS AN SJADSOASSLYST T TIAY M5 CFYSILAUOMASUY A ASNSDUAMIAYAMT IDND
ON RS S b OIODAMNIASSISOS YU ILILANGDASYS 18SdS T LNDIY P | dYQHAMHNDALSILIDSY Y I8 T ISUDdUAADDDSHA IOAD 84
Qi T
ISURIBJY @y 1gery 56 1A | OES BRIy AAReH S0 HA | DES

- 61 -



PCT/US2021/032078

WO 2021/231639

SHASIDODILMESSAGODA AA YA SSALALLOUOMATNDAAAGDD IV JAAAV LGV VL
/Y0175 TYSILILAGLDS DSOS AU L VESS VDA TIS4vNd ASSTAISAD IS LUAS LA IS IS AN A ALLDSNHIHOMT YD
ON R S | HOOAM Y TASYSIDOS Y A0S TV HENS IS TLOdSOL TATH 9| SIS AR UDSSISODSALDL IS TLOS A DS HO I0AD 06
DMIETHIDODALIAISSSOHDAAYY VA SSALATLOODMAAVOIMODSSIVIAAAVILAIYI IS
LILSTT L | AVEATISNILILAGLOSDSOS TS IADSASOSY AT T TS O NG TA LTINS MOESIL MO HASAV AR USDOSDSIVSAMT IO
ON ORGSO AMBETISSOISOSY ADLILANTSIIASOIAdSOLIAIT 68 | DAVOHAMSINY ASSALASS VYIS THIS UDIOA TOOOSTTIOAR 82
LA DLDON SYSSALALLOODMATGNDAAXATIAALS
ALATASSDAOODA AAVICHIT TYSILILICLDSDSOSHY OOUVIAAALLAY VLASS DI IS AON 4SLUASLLAYS WISANASL
LILSSITL | dDLYVESSYD AT TNV OO DIODAMY TASSSA SISV HOS T SOSAHISDIAT T DIIOMAMDMEASSSSISODSALOLTS
ON RS S | LY YADIS IS ILD480LIATEDLIAC M TT T IOV LAN £2 1 SIUAIDDSHO IO ION IAMEAY VA T T4 TSI TGN 98
I P
UL YD 3ArE 30 1A | OQES BIRGy AR I HA | DAS




WO 2021/231639 PCT/US2021/032078

Table 3: Anti DR3 ScFv Sequences

SEQ SEGUENCE Reference
j§1]
57 EVQLVOSGGGVERPGGSLELSCAASGFTFDDYGMSWVROQAPGKGLEWY | U.S. Patent

SGINWNGGSTGYADSVKGRVTISRDNAKNSLYLOMNSLRAEDTAVYYCA | Application
KILGAGRGWYFDLWGKGTTVTVSSGGGGSGGGGSGGGGSSELTODPAVS | Publication
VALGOTVRITCQGDSLESYY ASWYQQKPGQAPVLVIYGENNRPSGIPDET | No.
SGESSGNTASLTITCGAQAEDEADYYCONSRDSSGNHVVFGGGTELTVLG 2006/0269555

58 EVOLVETGGGLVQPGGSLRLSCAASGFTFSSYAMSWVROAPGKGLEWVSE | U.S. Patent
AISGSGGSTYYADSVIGRFTISRDONSKNTLYLGMNSLRAEDTAVYHCARG | Application
GYSSSRSAAYDIWGQGTLVIVSIGGGGSGGGGSGGGGSSELTODPAVSEY | Publication
ALGOTVRITCQGDSLRIYYASWYQOKPGOAPVLVIYGKNNRPSGIPDRFS | No.
GSSSGNTASLTITGAQAEDEADYYONSRDSSGNHVVIGGGTICLTVLG 2006/6269556

59 QVOLVOSGAEBVKEPGASVEISCEGSGYTFNSYTLHWLROQAPGOQRLEWM | U.S. Patent

GRINAGNGNTKYSONPQGRLSITRDTSATTAYMELSSLRSEDTGVYY AR | Application
VETY SFGMDVWGRGTLVTVRSGOGGRGGEGSGOGGRAQSVLTCGPPIASG | Publication
TPGORVTISCSGGGSNIGRNSVEWYQQLPGTAPKLILY SNNOREPSGVPDRE | No.
SGSKSGTSASLAISGLRSEDEALYYCAAWDDSLSGGVFGGGTKLTVLG 2006/40269557
60 QVOLVESGOGGLVQPGGSLRLSCAASGPTESSY AMSWVROQAPGKGLEWVS | U8, Patent
AISGSGGSTYYADSVKGRFTISRDNSENTLY LOMNSLRAEDTAVYYCAK | Application
YHRPGRSGYFDYWGRGTLVTVSSGGGGSGGGGIGGGGSSELTORPAVSEY | Publication
ALGOTVRITCOGRSLRIY YASWYQOKPGQAPVL VIYGKNNRPSGIPDRES | No.

GSSSONTASLTITGADAEDEADY Y CNSRISSONHVVFGOGTKLTVLG 0060269538
o1 OVOLOOSGAEVKIPGASVRYSCOASGY SLSEY YIHWVROAPGOGLEWM | U.S, Patent

GWLNPNSGYTDYAQKFOGRVSMTRDTSISTAYMELSSLTFNDTAVYFCA | Application
ROGNGDYWGKGTLVTVSPGGGGSGGGGSGGGGSSELTODPAVSVALGQT | Publication
VRITCQGDSLESYYTNWFQOKPGOAPLLVVYAKNKEPSGIPDRFSGSSSG | No.

NTASLTITGAQAEDEADYYCHSRDSSGWVIFGGGTKLTVLG 2006/0269559
62 QVOLVOSGGOVVOPGRSLRLSCAASGFTESPDAMEWYRQAPGKGLEWM | U.S. Patent

GQVISFRGSQTFYADSVKGRETISRENSONTLY LOMNSLRSDDTAVYYCAR | Application
APARFFPLHFDIWGRGTMVTVISGGGGSGGGGSGGUGSALSSELTUDPA | Publication
YSVALGOTVRITCOGDSLRTHY ASWYHQRPGRAPVLVNYPKDSEPSGIPD | No.
RFSGSSSGNTASLTUGAQAADEGDYYCQSRDSSGVLFGOGTKVIVLG 2006/02693560

63 EVQLVESGGGLVQPGGSLRLSCAASGFTFSSY WMBWVRQAPGKGLEWY | U8, Patent
ANIKQDGSEKYY VIVEGRETISRDNAKNSLYLOMNSLRAEDTAVYYCA | Application
RDFSGYGDYLDYWGKGTLVTIVISGOGGSGGHGSGGGGSAQSALTOPRS | Publication
ASGSPGOSVTISCTGTSRHGNYNYVSWYQUHPGKAPKI VNERP3G | No.
VPDRESGIKBGNTASLTVSGLRPEDEADYYCSSYAGNNAVIFGGGTQLTV | 2006/0269361
LG

64 QVOLVOSGAEBVKEPGASVEVSCKASGYTRFTTHAMHWVROAPGOSLEW | U.S. Patent

MOWINTGNGNTKYSQSFOCRVSITRITSANTAYMELSSLESEDTAMYYC | Application
ARASRDSSQYYYVPPGDFFRBIWGQGTLVTVSSGQGGSGHGGGSGGGGSAQ | Publication
SALTQPASVSGSPGOSITISCTGSRSDIGGYNFVIWYQOHPCGK APKLLIYD | No.
VYNRPSGISDHFSGSKSDNTASLTISGLOSEDDADYYUSSYAGYHTWIFGG | 2006/0269362
QTKVIVLG
63 EVOLVOSGAEVKKPGASVKLSCKASGYTLYNYFMHWVROQAPGQGPEW | U.S. Patent
MGMINPSGGTTKNRQKFODRVIMTRDTSTRTVYMELSGLTSEDTAVYYC | Application
ATDFKGTDILFRDWGRGTLVTVSSGGGGSGGGGIGGGGSAQSVLTOPPS | Publication
ASGTPGORVSISCSGSSSNIGSNTVIWYQOQLPGTAPKLLMYSNDRRPSGVP | No.
DRFSGSKSGTSASLAISGLOSEDEADYYCATWDDSLNGHYVFGTGTKLTV | 2006/0269563
LG
66 OMOLVOQSGGGLVKPGGSLRLSCAASGFTESDY YMEWIRQAPGK GLEWYS | 118, Patent
AISGSGGSTYYADSVKGRFTISRONSKNTLY LOMNSLRAEDTAVYYCARG | Application
GSTFRHWORGTMVYTVSSGGHGSGGGGSGGGOIAQPYLTOPPSASGTRPG | Publication
RVTISCSGSNSNIGSRPYNWYQOQLPGTAPKLLIQGNNQRPSGVPDRFSGSK | No.
SGTSASLAISGLOSEDEADYYCAAWDDSLTGYVFGPGTIKLTVLG 2006/0269564
- 63 -




WO 2021/231639 PCT/US2021/032078

SEQ SEQUENCE Reference
iD
&7 OMOQLVOISGGAVVQPGRSLRLSCAASGFTFSSYGMHWVROAPCGRGLEWY | 118, Patent

AVISYDGRIKYYADSVKGRFTISRONSENTLYLOMNSLRAEDTAVYYCAR | Application
ERLRGLDPWGOQGTMVTVSIGGOGSGGGGSGGHGGSSELTGRPAYVSVALG | Publication
QTVRITCOGDSLRSYYASWYQOKPGOAPVLVIYG PRGIPDRFS(GSSS | No.

GNTASLTITGAQAEDEADYY CNSRDSSGNHVVFGGGTKLTVLG 200640269565
68 EVOLVETGGGLVQPGGSLRLSCAASGFTFSPYYMSWVRQAPGKGLEWVS | U .S, Patent

AISGSGGSIYYADSVKGRFTISRDNSKNTLYLOMNSLRAEDTALYYCARG | Application
ASGPDYWGRGTMVTVSSGGGGSGGGGIGGGGSAQSVLTOPPSYSAAPG | Publication
QKVTISCSGSTONIGNNYVSWYCQQVPGTAPKLLIYDNNKRPSGIPDRFSGS | No.

KSGTSATLGITGLOTGDEADYYCGTWDSSLSALVEGGGTKVIVLG 2006/0269566
3 OVQLOOSGAEVKTPGSSVKVSCKASGGTFRNNAISWVROQAPGQGLEWM | U.S. Patent

GGFIPKFGTTNHAQKFQGRVIMTADDSTNTVYMELSSLRSEDTAVYYCA | Application
RGCGAYCGGGRCYLYGMDVWGOGTLVTVSSGGGGSGGGGSGGGGSAQA | Publication
VVIQEPSLTVSPGGTVILTCGSSTGAVTSGHYPYWFQQKPGQAFPRTLIVDT | No.
SNKRSWTPARFSGSLLGGKAALTLSGAQPEDEAEYYCLVSYSGSLVVEGG | 2006/0269567
GTKLTVLG
70 EVOLLESGGGLVQPGGSLRLSCAASGFTFSSY AMSWYVRQAPGKGLEWVS | U.S. Patent
AISGSGGSTYYADSVIGRFTISRDNSKNTLYLOMNSLRAEDTAVYYCOVK | Application
GAWLDYWGRGTMVTVSSGGGGSGGGGSGGGGSALNFMLTOPHSVSESP | Publication
GKTVTISCTGSSGSVARNY VOWYQORPGSAPTIVIYEDNRRPSGVPGRFSG | No.

SIDRSSMNSASLTISGLOTEDEADYYCOSYNYNTWVFGGGTKLTVLG 2006/0269568
71 EVQLYVQSGAEVEKPGASVKVSCRASGYTFTSYGITWVYRQAPGOGLEWM | U.S. Patent
GWISAYNGKTNYVQELQGRVIMTIDTSTSTVYMELTSLRSDIDTAVYYCA | Application
RRGENNYRFGYFDFWGOQGTLVIVSEGGGGSGGGGIGGGGSALETTLTOS? | Publication
GTLSLSPGERATLSCRASQSISSSNLAWYQQKPGRAPRLLIVGASSRAIGIP | No.
DRESGSGSGTDFTLTISRLEAEDFAVYY COQYGSSPITFGOGTRLEIKR 2006/0269569
72 QVOLOQSGPGLVKPSQTLSLTCAISGDSVESTTVAWDWIRQSPSRGLEWL | U8, Patent

GRTYYRSKWYNEYAVSVESREITINVDTSENQISLOINSVIPEDTAVYYCA | No. 8,097,704
REPDAGRGAFDIWGQGTTVTSPLEWGRFQWR GLGRGWLR SPVTQSPGTL
SLSPGERATLSCRASQSVSSSHLAWYQOKPGOAPRLLIVGASSRATGIPDR
FSGSGSGTRRTLTISSLEPEDRPAVYYCQORSNWPPRAVEGOGTRLEIK

QVOLQQSGPGRVOPSQTLSLTCAISGDSVSNNNAAWYWIRQSPSRGLEW | U5, Patent
LGRTYYRSKWYNDYAVSVKSRITISPDTSKNOQFSLOQLNSVTPEDTAVYYC | No. 8,697,705
ARRGDGNSYFDYWGQGTLYVTVSSGILRWGRFGWRGLGRGWLEIVLTQSP
GTLSLSPGERATLSCRASQSVSSGYVSWYROKPGOQAPRLLIYGASTRATGE
PDEFSGSGSGTDITLTISRLEPEDFAVYYCHQYGSSPNTY GOGTKVGIK

3
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[6208]  In certain embodiments, the DR3 binding domain comprises a VH and a VL, where the

VH and VL comprise amino acid sequences at least 60%, at least 65%, at least 70%, at least
75%. at least 80%. at least 5%, at least 90%, at least 95% or 100% identical to SEQ 1D NO:
1 and SEQ ID NG: 2; SEQ ID NO: 3 and SEQ ID NG 4; SEGQ ID NO: 5 or SEQ 1D NO: 90
and SEQ ID NO: 6; SEQ ID NG: 7 and SEQ ID NO: 8 SEQ ID NO: 9 and SEQ 1D NG 1)
SEQ ID NG i and SEQ 1D NO: 12; SEQ ID NG 13 and SEQ 1D NO: 14; SEQ ID NG 15
and SEGQ ID NG: 16, SEQ ID NG {7 and SEQ ID NG: 18, SEQ ID NO: 19 and SEQ ID NG
20; SEQ ID NG: 21 and SEQ ID NG: 22; SEQ ID NO: 23 and SEQ D NO: 24; SEQ ID NG:
25 and SEQ 1D NO: 26; SEQ ID NG: 27 and SEQ 1D NO: 28; SEQ ID NG: 29 and SEQ ID
NO:30; SEQ ID NG: 31 and SEQ 1D NG: 32; SEQ ID NQ: 33 and SEQ 1D NU: 34; SEQ 1D
NO: 35 and SEQ 1D NO: 36; SEQ ID NO: 37 and SEQ 1D NO: 38; SEQ 1) NO: 39 and SEQ
{0 NO: 40; SEQ ID NO: 41 and SEQ 1D NG: 42; SEQ ID NG: 43 and SEQ D NO: 44; SEQ
1D NG 45 and SEQ ID NO: 46; SEQ ID NO: 47 and SEQ ID NG: 48; SEQ ID NG: 49 and
SEQ ID NO: 50; SEQ ID NG: 51 and SEQ 1D NG: 52; SEQ ID NO: 533 and SEQ ID NO: 54;
SEQ ID NO: 535 and SEQ 1D NO: 56, SEQ D NO: 82 and SEQ 1D NG 83, SEQ ID NG: 84
and SEQ 1D NO: 85; SEQ ID NO: 86 and SEQ 1D NG: 87; or SEQ 1D NO: 88 and SEQ ID
NO: 89; respectively, or where the VH and VL are contained m an ScFv with an amine acid
sequence at least 90% idendical to SEQ 1 NOG: 57, SEQ D NO: 38, SEQ ID NO: 539, SEQ ID
NG: 60, SEQ ID NQO: 61, SEQ ID NQ: 62, SEQ ID NO: 63, SEQ ID NQ: 64, SEQID NG 65,
SEQ ID NO: 66, SEQ 1D NG: 67, SEQ ID NOG: 68, SEQ ID NO: 69, 5EQ ID NO: 70, SEQ
1D NG 71, SEQ 1D NO: 72, or SEQ ID NG: 73,

{0209  In certain embodiments, the DR3 binding domain comprises a VH and a VL, where the

VH and VL comprise amino acid sequences at least 60%, at least 65%, at least 70%, at least
75%, at least 80%. at least 85%, at least 90%, at least 959 or 100% identical to SEQ 1D NO:
5 or SEQ 1D NO: 90 and SEQ 1D NO: 6, or SEQ 1D NO: 7 and SEQ 1D NO: §, respectively.
In certain embodiments, the DRS binding domain comprises a VH and a VL, where the VH
and VL comprise amino acid sequences at least 60%, at least 65%, at least 70%, at least 75%,
at least 0%, at least 85%, at least 90%, at least 95% or 100% identical to SEQ 1D NGO 5 and
SEQ H3 NO: 6, respectively. In certain embodiments, the DRS binding domain comprises a
VH and a VL, where the VH and VL comprise amuno acid sequences at least 60%, at least
63%, at least 709, at lcast 75%, at least 80%, at least 85%, at lcast 90%, at least 95% or 100%
identical to SEQ 1D NG 90 and SEQ 1D NO: 6. In certain embodiments, the DRS binding

domain comprises a VH and a VL, where the VH and VL comprise aming acid sequences at
- 65 -
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feast 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least 859, at least 90%, at
ieast 95% or 100% identical to SEQ ID NG: 7 and SEQ ID NO: 8, respectively.

{0210 While a variety of different dimeric, pentameric, and hexameric binding molecules can
be contemplated by a person of ordinary skill in the ant based on thus disclosure, and as such
are included m this disclosure, n certain embodiments, a binding molecule as described above
is provided in which cach binding unit comprises two lgA or IgM heavy chains each
comprising a VH situated amno termunal to the IgA or IgM constant region or fragment
thereof, and two nmunoglobulin hght chains each comprising a VL situated ammo terminal
to an immunoglobulin light chain constant region.

[G211} Morcover, in certain cmbodiments, at least one binding unit of the binding molecule, or
at least two, at least three, at least four, at feast five, or at least six binding units of the binding
molecule, comprises or comprise two of the DRS binding domains as described above. In
certain embodiments the two DRS5 binding domains in the at least one binding enit of the
binding molecule, or at least two, at least three, at least four, at least five, or at least six binding
units of the binding molecule, can be different from each other, or they can be identical.

62121  In certain embodiments, the two IgA or IgM heavy chains within the at least one binding
unit of the binding molecule, or at least two, at least three, at least four, at least five, or at least
six binding units of the binding molecule, are identical. In cortamn emboduments, two wdentical
IgA or IgM heavy chains within at least one binding unit, or within at least two, at least three,
at least four, at feast five, or at least six binding units of the binding molecule comprise the
heavy chain variable domain amino acid sequences as disclosed in Tables 2 and 3.

6213} In certain crobodiments, the two hght chains within the at least one binding unit of the
binding molecule, or at least two, at least three, at least four, at least five, or at least six binding
units of the binding molecule, are identical. In certain embodiments, two identical Hght chains
within at least one binding unit, or within at feast two, at least three, at least four, at least five,
or at least six binding units of the binding molecule are kappa hight chains, e g, buman kappa
light chains, or lambda light chains, e g, human lambda light chains. In certain embodiments,
two identical light chains within at least one binding unit, or within at least two, at least three,
at least four, at least five, or at least six binding units of the binding molecule cach comprise
the light cham variable domain amino acid sequences as disclosed in Tables 2 and 3.

(8214  In certain embodiments at least one, at least two, at least three, at least four, at least five,
or at least six binding units of a dimeric, pentameric, or hexameric binding molecule provided
by this disclosure comprises or each comprise two identical IgA or IgM heavy chain constant

- 66 -



WO 2021/231639 PCT/US2021/032078

regions each comprising identical heavy chaim variable domamn amino acid sequences as
disclosed 1 Tables 2 and 3, and two identical light chains each comprising identical heavy
chain variable domain amino acid sequences as disclosed in Tables 2 and 3. According to this
cmbodiment, the DRS binding domains v the at Icast one binding unit of the binding molecule,
5 or at least two, at least three, at least four, at least five, or at least six binding units of the
binding molecule, can be identical. Further according to tlus embodiment, a dimeric,
pentamerie, or hexameric binding molecule as provided bercin can comprise at least one, at
least two, at least three, at least four, at least five, at least six, at least seven, at least eight, at
least nine, at least ten, at least eleven, or at least twelve copies of an DRS binding domain as

10 escribed above. In certain embodiments at least two, at least three, at least four, at least five,
or at least six of the binding units can be wentical and, i certain embodiments the binding
umits can comprise identical binding domains, e.g., at least two, at least three, at least four, at
least five, at least six, at least seven, at least eight, at least nine, at least ten, at least eleven, or
at least twelve DRS binding domains can be identical.

15 [0213]  In certain embodiments, a dimeric, pentameric, or hexameric DRS binding molecule as
provided herein can posscss advantageous structural or functional properties compared to
other binding molecules. For example, the dimerie, pentameric, or hexameric DRS binding
relative to a corresponding bivalent binding molecuie having the same antigen binding
domains. Biological assavs include, but are not limited to ELISA and Western blot caspase

20 assays, and FACS analyses osing stains indicative of apoptotic cell death such as annexin-v.
In certain embodiments a dimeric, pentameric, or hexameric binding molecule as provided
herein can trigger apoptosis of a DRS5-expressing cell at higher potency than an equivalent
amount of a monospecific, bivalent IgG1 antibody or fragment thereof that specifically binds
to the same DRS cpitope as the DRS binding domain. In certain embodiments a dimeric,

25 pentameric, or hexameric binding molecule as provided herein can trigger apoptosis of a DR3-
expressing cell at higher potency than an equivalent amount of monospecific, bivalent anti-
DRS monoclonal antibody or fragment thereof, where the antibody is, or comprises the same

VH and VL regions as, the antibodies provided m Tables 2 and 3.

Methods of Use

30 [6216}]  This disclosure provides a method for inhibiting, delaying, or reducing malignant ccll
growth i a subject with cancer by administering fo the subject a combination therapy
comprising an cffective amount of a dimeric IgA or IgA-like antibody or a hexameric or
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pentameric IgM or IgM antibody, or a nultimerized antigen-binding fragment thereof that
specifically and agonistically binds to BRS, where three to twelve antigen binding domains of
the IgA or IgA-like antibody or IgM or IgM-like antibody or fragment thercof are DRS-
specific and agonistic, mn combination with an effoctive amount of a cancer therapy, e.g.,
5 radiation, an anthracychne, a folic acid analog, a platinum-based agent, a taxane, a
topoisomerase I inhibitor, or any combination thereof. Exemplary anti-DRS IgA or IgA-like
antibodies and IgM or IgM-like antibodies and exemplary cancer therapies are described in
detail elsewhere herein. Additional combmation therapies are provided, e.g., in PCT
Publication No. WO 2019/165340, which 1s incorporated hercin by reference in its entirety.
10 In certain cmabodiments, administration of the combination therapy provided herein can inhibit
tumor or malignant cell growth partially or completely, can delay the progression of tumor
and mahignant cell growth n the subject, can prevent metastatic spread in the subject, can
reduce the subject’s tumor size, e.g., to allow more successful sargical removal, and/or can
result in any combination of positive therapeutic responses in the subject. Exemplary

15 therapeutic responses that can be achieved are described herein.

62177 In certain embodiments, administration of the combination therapy can resslf in
enhanced therapeutic officacy relative to administration of the anti-DRS IgA or IgA-like
antibody or IgM or IgM-like antibody or the cancer therapy, e.g, radiation, an anthracychine,
a folic acid analog, a platinum-based agent, a taxane, a topoisomerase {1 inhibitor, or any

26 combination thereof, alone. In certain embodiments the improved treatment efficacy can be
greater than the additive efficacy of cach mdividual therapy. In certain embodiments the
mmproved treatment cfficacy over either therapy administered alone, measured, eg, in
increased tumor growth delay (TGD), tncreased frequency of tumor regression, ¢.g., complete
tumor regression, or increased survival is at least 5%, at least 10%, at least 20%, at least 5%,

25 at least 10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 609, at least 70%
at least 80%, at least 90%, at least 100%, at least 150%, at least 200%, at least 2509, at least
3009, at least 350%, at least 400%, at least 450%, at least 500%, at least 550%, at least 606%,
at least 630%, at least 700%, at least 750%, at least 800%, at least 8350%, at lcast 900%, at
icast 950%, or at least 1600%. In certain embodiments the improved treatment efficacy over

30 the additive efficacy of both therapies administered individually, measured, e.g., in increased
tumor growth delay (TGD), increased frequency of tumor regression, e.g., complete tumor
regression, or increased survival is at least 5%, at least 10%, at least 20%, at least 3%, at least

109%, at least 20%, at least 30%, at least 4056, at least 50%, at least 60%, at least 70%, at least
- 6% -



WO 2021/231639 PCT/US2021/032078

0%, at least 90%, at least 100%, at least 1509, at least 2009, at least 2509, at least 300%,
at least 350%, at least 400%, at least 450%, at least 500%, at least 550%, at least 600%, at
least 650%, at least 700%, at least 7509, at least 800%, at least #30%, at least 900%. at least
950%, or at least 1000%. In certain embodiments the improvernent can be complete tumor
5 regression and/or full survival. The improved activity can, for example, allow a reduced dose
to be used, or can result in more effective killing of cells that are resistant to killing by standard
treatments. By “resistant” is meant any degree of reduced activity of “standard of care” fora

given tumor or cancer type.
[6218] In certain embodiments the combination treatment methods provided herein can
10 facilitate cancer treatment, e.g., by slowing temor growth, stalling tumor growth, or reducing
the size of existing tumors, when administrated as an effective dose to a subject in need of

cancer treatment.

{3219}  In certamn embodiments the DR5-expressing cell is an immortalized cell Ine, e.g., a
cancer cell. The terms "cancer”, "tumor”, "cancerous”, and "malignant” refer to or describe
15 the physiological condition in mammals that is typically characterized by unregulated cell
growth. Exampies of cancers include but are not lmited to, carcintoma including
adenocarcinomas, lvmphomas, blastomas, melanomas, sarcomas, and levkemias. More
particular examples of such cancers include osteosarcoma, chondrosarcoma, fibrosarcoma,
squamous cell cancer, small-cell lung cancer, non-small cell lung cancer, gastromtestinal
20 cancer, Hodgkin's and non-Hodgkin's lymphoma, pancreatic cancer, glioblastoma, glioma,
cervical cancer, ovarian cancer, liver cancer such as hepatic carcinoma and hepatoma, bladder
cancer, breast cancer (including hormonally mediated breast cancer, see, e.g., Innes ef ol
{2006} Br. J. Cancer 94:1057-1065} and triple negative breast cancer {TNBC}, colon cancer,
colorectal cancer, endometnal carcinoma, mycloma (such as multiple mveloma), salivary
25 gland carcinoma, kidney cancer such as renal cell carcinoma and Wilms' tumors, basal cell
carcinoma, melanoma, prostate cancer, vulval cancer, thyroid cancer, testicular cancer,
esophageal cancer, vartous types of head and neck cancer mehuding, but not limited to,
squamous cell cancers, and cancers of mucinous origins, such as, mucinous ovarian cancer,

cholangiocarcinoma (fiver} and renal papillary carcinoma. Mucosal distribution, for example

[#5]
o

as provided by an IgA-based binding molecule as provided herein, could be beneficial for
certain cancers, e.g., lung cancer, ovartan cancer, colorectal cancer, or sguamouns cell

carciiioma.
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(62201  Effective doses of compositions for treatment of cancer vary depending upon many
different factors, mclading means of adnunistration, target site, physiological state of the
patient, whether the patiend is huwman or an anmal, other medications administered, and
whether treatment i1 prophylactic or therapeutic. In certain embodunents the treatment

5 methods provided herein can provide increased safety, in that the composition exhibits greater

cvtotoxicity {e.g., induces apoptosis 1o a greater extent) on cancer celis than on non-cancer
cells, e.g., normal human hepatocvtes. Usually, the patient i1s a human, but non-human
mammals including transgeric mammals can also be treated. Treatment dosages can be titrated
using routing methods known to those of skill in the art to optimize safety and efficacy.

16 {0221}  The compositions of the disclosure can be admisistered by any suitable method, e.g.,
parenterally, iotraventricularly, orally, by inhalation sprayv, topically, rectally, nasally,
buccally, vaginally or via an implanted reservoir. The term “parenteral” as used herein
includes subcutaneous, ntravenous, intramuescular, intra-articular, intra-synovial, intrasternal,
intrathecal, intrahepatic, intralesional and indracranial injection or infusion technigues.

15 j0222}  The subject to be treated can be any amimal, e.g, mammal, it need of treatment, m
certain embodiments, subject is a human subject.

[6223] In its simplest form, a preparation to be administered to a subject is a dimeric,
pentameric, or hexameric anti-DRS antibody as provided hercin, or an antigen-binding,
multimerizing fragment, variant, or derivative thereof, administered in conventional dosage

20 form in combination with a cancer therapy. In some embodiments, the cancer therapy is a
chemotherapeutic agent. Accordingly, in some embodiments, the anti-DR3 antibody and the
chemotherapeutic agent can be combined with a phammaceutical excipient, carrier or diluent
as described elsewhere herein. In some embodiments, the anti-BRS antibody and the
chemotherapeutic agent can be adnunistered in separate pharmaccutical compositions.

25  [0224] A DRS binding molecule as provided herein or an antigen-binding, multimerizing
fragment, variant, or denvative thercof can be adnunistered by any suitable method as
deseribed elsewhere herein, e.g., via IV infusion. In certain embodiments, a DRS binding
molecule as provided herein or an antigen-binding, multimerizing fragment, variant, or

dertvative thereof can be introduced o a tumor, or 1 the vicinity of a tumaor cell.

[#5]
o

(6225817 Al types of tumors are potentially amenable to treatment by this approach mcluding,
without imitation, carcinoma of the breast, hung, pancreas, ovary, kidney, colon, and bladder,

as well as melanomas, sarcomas, and lvmphomas. Mucosal distribution could be beneficial
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for certain cancers, 2.2., hung cancer, ovanan cancer, colorectal cancer, or squamous cell
carcinoma.

6226}  Accordingly. in some embodiments, the method provided herein 1s a method for

mhibiting, delaving, or reducing malignant cell growth in a subject with cancer, where the

5 cancer is a hematologic cancer or a solid tumor. In some embodiments, the cancer is a

hematologic cancer, such as acute myeloid feukemia (AML), chronic myeloid leukemia

{CML), acute lymphocytic leukemia (ALL), chronie lymphocytic leukemia, hairy cell

ieukemia, Hodgkin lymphoma, non-Hodgkin lymphoma, multiple myeloma, any metastases

thereof, or any combination thereof. a solid tumor. In some embodiments, the cancer is a solid

10 tumor, such as bladder cancer, colorectal cancer, sarcoma {e.g., fibrosarcoma}, gastric cancer,

tung cancer {e.g., non-small cell lung cancer (NSCLC)), or pancreatic cancer.

Radiation

{6227}  Radiation therapy is the localized application of ionizing radiation to a cancerous tumor.

The goal of radiation therapy is to damage the DNA of the cancerous cells leading to cell

15 death. Radiation therapy is widely used in the treatment of a variety of cancers, including
bladder cancer, colorectal cancer, sarcorna, gastric cancer, lung cancer, and pancreatic cancer,

In some embodiments, the cancer therapy comprises radiation therapy, the cancer is non-
metastatic cancer, such as non-metastatic bladder cancer, colorectal cancer, sarcoma, gastric

cancer, lung cancer, and pancreatic cancer. In some cmbodiments, the cancer therapy

20 comprises radiation therapy, the method farther comprises administering an effective amount
of one or more chemotherapeutic agents, such as a chemotherapeutic agent disclosed hersin.

In some embodiments, the chemotherapeutic agent is a topoisomerase | inhibitor, a
topotsomerase 11 inhibitor, a nucleoside analog, a folic acid analog, a platinum-based agent, a

taxane, a b-cell lymphoma-2 (BCL-2) inlubitor, or any combination thercof. Exemplary

)
[

chemotherapeutic agents and combinations of chemotherapeutic agents are discussed in
greater detail elsewhere herein and in PCT Publication No. WO 2019/165340.
Topoisomerase I Inhibitors

[6228]  Topotsomerase  has become an important target for chemotherapeutics as inhibition of
this enzyme leads to DNA breaks and cancer cell apoptosis. Examples of a topoisomerase H

30 inhibitors etoposide and anthracyclines such as davnorubicin and doxorebicin. Doxombicin 1s
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used to treat a variety of cancers inchuding breast cancer, sarcoma, ovarian cancer, bladder
cancer, lung cancer, and multiple myeloma.

6229}  Daunorubicin (CAS Registry No. 20830-81-3} has the following formula:

5 [8236] Doxorubicin (CAS Registry No. 23214-92-8) has the following formula:

s,

[3231] Eioposide (CAS Registry No. 33419-42-0) has the following formula:

6232} In some embodiments, the cancer therapy comprises a topoisomerase I inhibitor. In

10 some embodiments, the topoisomerase Il inhubitor 15 administered intravenously. In some
embodiments, the cancer therapy comprises a topoisomerase I inhibitor, and the cancer is a

cancer disclosed herein. In some embodiments, the cancer therapy comprises a topoisomerase

I inlubitor and the cancer is a lung cancer, a sarcoma or hematologic cancer, such as a

hematologic cancer disclosed herem, eg, acute myeloid leukenna (AML). In some

f—
(4

embodiments, the cancer therapy topoisomerase 1 inhibitor, and the method further comprises
administering an effective amount of one or more additional cancer therapies disclosed herein.
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In some embodiments, the cancer therapy comprises topoisomerase jinhibitor, and the method

further comprises administering an effective amount of radiation therapy.
6233} In some embodiments, the cancer therapy comprises etoposide, and the cancer is a lung
cancer. In some embodiments, the cancer therapy comprises etoposide, and the cancer is a
5 hematologic cancer. In some embodiments, the cancer therapy comprises ctoposide, and the
cancer is acute myeloid leukemia {AML). In some embodiments, the cancer therapy comprises
etoposide, and the method further comprises admunistering an effective amount of one or more
additional cancer therapics disclosed heremn. Tn some embodiments, the cancer therapy
comprises etoposide, and the method further comprises administering an effective amount of
10 -adiation therapy. In some embodinents, the cancer therapy comprises ctoposide, the method
further comprises administering an cffective amount of radiation therapy, and the cancer is a
sarcoma or hematologic cancer, such as a hematologic cancer disclosed herein, e.g., acute

myeloid leukemia (AML}.

0234} In some embodiments, the cancer therapy comprises an anthracycline, such as
15 doxorubicin, and the cancer is a cancer disclosed herein. In some embodiments, the cancer
therapy comprises an anthracycline, such as doxorubicin, and the cancer is a sarcoma or
hematologic cancer, such as a hematologic cancer disclosed herein, e g.. acute mycloid
feukenuia (AML). In some emobodiments, the cancer therapy comprises doxorubicmn, and the
cancer is a sarcoma. In some embodiments, the cancer therapy comprises doxorubicin, and the
20 cancer 18 a hematologic cancer. In some embodiments, the cancer therapy comprises
doxorobicin, and the cancer is acote myeloid levkemia (AML). In some embodiments, the
cancer therapy comprises an anthracveline, such as doxorubicin, and the method further
comprises administering an effective amount of one or more additional cancer therapics
disclosed herein. Inn some embodiments, the cancer therapy comprises an anthracycling, such
25 as doxorubicin, and the method further comprises administering an effective amount of
radiation therapy. In some embodiments, the cancer therapy comprises an anthracycline, such
as doxorubicin, the method further comprises administering an effective amount of radiation
therapy, and the cancer is a sarcoma or hematologic cancer, such as a hematologic cancer

disclosed herein, e.g., acuic myeloid leukenua (AML).

[N
=

i Folic acid analogs

[6238] Folic acid analogs, such a leucovorin, have been used to reduce the toxic effects of
certain chemotherapies. Leucovorin, eg., leucovorin calciom {calciam folinate) is a
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component of the “FOLFOX” and “FOLFIRD” chemotherapeutic regimens. “FOLFOX”

comprises leucovorin calcium {caleium folinate}, S-fluorouracil, and oxaliplatin. “FOLFIRT”

regimen comprises leucovorin calcim {calcium folinate), 5-fluorouracil, and Irinotecan.

FOLFIRI and FOLFOX are widely used 1n the treatment of advanced-stage and metastatic
5 colorectal cancer.

6236}  Leucovorin (CAS Registry No. 1492-18-8) has the following formula;

162377 In some cmbodiments, the cancer therapy comprises a folic acid analog, such as

leucovorin, and the cancer is a cancer disclosed herein. In some embodiments, the folic acid

10 analog is administered intravenously. In some embodiments, the cancer therapy comprises a

folic acid analog, such as leucovonn, the cancer is colorectal cancer. In some embodiments,

the cancer therapy comprises a folic acid analog, such as leucovorin, the method further

comprising administering an effoctive amount of one or more additional cancer therapies

disclosed herein. In some embodiments, the cancer therapy comprises a folic acid analog, such

15 as leucovorin, the method further comprises administering an effective amount of 3-

fluorouracil. In some embodiments, the cancer therapy comprises a folic acid analog, such as

{eucovorin, the method further comprises administering an effective amount of innotecan. In

some embodiments, the cancer therapy comprises a folic acid analog, such as leucovorin, the

method further comprises administering an effective amount of oxaliplatin. In some

20 cmbodiments, the cancer therapy comprises a folic acid analog, such as leucovorin, the raethod

further comprises admimstering an effective amount of S-fluorouraci! and innotecan. In some

embodiments, the cancer therapy comprises a folic acid apalog, such as leacovorin, the method

further comprises administering an effective amount of 5-Huorouraci and oxaliplatin. In some

embodiments, the cancer therapy comprises a folic acid analog, such as leucovorin, and the

25 method further comprises administering an effective amount of radiation therapy, optionally

i combination with one or more other components of FOLFOX or FOLFIRL In some

embodiments, the cancer therapy comprises a folic acid analog, such as leucovorin, and the

method further comprises administering an effective amount of bevacizumab, optionally m
combination with one or more other components of FOLFOX or FOLFIRL
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[6238] In some embodiments, the cancer therapy comprises a folic acid analog, such as
leucovorin, the method further comprises administering an effective amouant of S-floorouracil
and the cancer is colorectal cancer. In some embodiments, the cancer therapy comprises a folic
acid analog, such as leucovorin, the method further comprises administering an effective

5 amount of winotecan and the cancer is colorectal cancer. In some embodiments, the cancer
therapy comprises a folic acid analog, such as leucovorin, the method further comprises
administering an effective amount of oxaliplatin and the cancer s colorectal cancer. In some
embodiments, the cancer therapy comprises a folic acid analog, such as levcovorin, the method
further comprises administering an effective amount of 5-fluorouracil and irinotecan and the

10 cancer 18 colorectal cancer. In some embodiments, the cancer therapy comprises a folic acid

analog, such as leucovorin, the method further comprises adounistering an effective amount
of 5-fluorouracil and oxaliplatin and the cancer is colorectal cancer. In some embodiments,
the cancer therapy comprises a folic acid analog, such as leucovorin, and the method further
comprises administering an effoctive amount of radiation therapy, optionally in combination

15 with one or more other components of FOLFOX or FOLFIRI and the cancer is colorectal

cancer. In some embodiments, the cancer therapy comprises a folic acid analog, such as
leucovorin, and the method further comprises administering an effective amount of
cvacizumab, optionally 1o combination with one or more other corponents of FOLFOX or

FOLFIRI, and the cancer 1s colorectal cancer.

20 Platinum-based agents

3239}  Platinum-based agents are commonly used treat various cancer. Platimun-based agents
are believed to cause crosslinking of DNA leading to cancer cell death. Examples of platinum-
based agents include cisplatin, carboplatin, and oxaliplatin,

(62401 Cisplatin ({CAS Registry No. 15663-27-1}) has the following formula:

Gl oNHy

TPt
o NNH

[N
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(0241}  Carboplatin (CAS Registry No. 41575-94-4) has the following formuda;

{ﬂ24i} Oxaliplatin (CAS Registry No. 63121-00-6) has the following formula:
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[0243] In some embodiments, the cancer therapy comprises a platinum-based agent, such as
cisplatin, carboplatin, or oxaliplatin, and the cancer is a cancer disclosed herein. In some
ecmbodiments, the cancer therapy comprises a platinum-based agent, such as cisplatin,

5 carboplatin, or oxaliplatin, and the cancer therapy s admimnistered intravenously. Tn some
embodiments, the cancer therapy comprises a platinum-based agent, such as cisplatin,
carboplatin, or oxaliplatin, the cancer is a gastric cancer, a lung cancer, such as non-small cell
fung cancer (NSCLC), or colorectal cancer. In some emboduments, the cancer therapy
comprises a platinum-based agent, such as cisplatin, carboplatin, or oxaliplatin, the method

10 further comprises administering an effective amount of radiation therapy.

3244}  In some embodiments, the cancer therapy comprises oxaliplatin, the cancer is gastric
cancer or colorectal cancer. In some embodiments, the cancer therapy comprises oxaliplatin,
the cancer is gastrie cancer. In some embodiments, the cancer therapy comprises oxaliplatin,
the method further comprises administering an effect amount of radiation therapy. In some

5 cmbodiments, the cancer therapy comprses oxaliplatin, the method further comprises
administering an effect amount of radiation therapy and the cancer is gastric cancer.

{3245}  In some cmbodiments, the cancer therapy comprises oxaliplatin, the method further
comprises administering an effect amount of leucovorin and/or 3-fluorcuracil. In some
embodiments, the cancer therapy comprises oxaliplatin, the mcthod further comprises

20 administering an effect amount of leucovorin and/or S-flucrouracil and the cancer is colorectal
cancer. In some embodiments, the cancer therapy comprises oxaliplatin, the method further
comprises administering an effect amount of 1) leucovorin and/or S-fluorouraci and 2)
radiation therapy. In some embodiments, the cancer therapy comprises oxaliplatin, the method

further comprises administering an effect amount of 1) leucovorin and/or 3-fluorouracil and

[xo]
(¥}

2} radiation therapy, and the cancer is colorectal cancer.

6246}  In some embodiments, the cancer therapy comprises carboplatin, the cancer 1s gastric
cancer or lung cancer, such as NSCLC. In some embodiments, the cancer therapy comprises
carboplatin, the cancer is gastric cancer. In some embodiments, the cancer therapy comprises
carboplatin, the method further comprises administering an effect amount of radiation therapy.

30 In some embodiments, the cancer therapy comprises carboplatin, the method further comprnises

administering an effect amount of radiation therapy and the cancer is gastric cancer. In some
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embodiments, the cancer therapy comprises carboplatin, the cancer is lung cancer. In some
embodiments, the cancer therapy comprises carboplatin, the cancer is NSCLC. In some
embodiments, the cancer therapy comprises carboplatin, the method further comprises
administering an effect amount of radiation therapy and the cancer 15 lung cancer. In some
5 embodiments, the cancer therapy comprnises carboplatin, the method further comprises

administering an effect amount of radiation therapy and the cancer is NSCLC.
& J

Taxanes
13247}  Taxanes are widely used chemotherapeutic agents. Taxanes are believed to act by
disrupting microtubule function preventing cancer cell division. Examples of taxanes include
10 paclitaxel and docetaxel Taxanes are poorly soluble tn water. Typically, taxanes are
foromudated with solvents such as CREMOPHOR EL® (Polvoxyl 35 Hydrogenated Castor
Oil). Alternative forowudations have also been developed, such as albumin nanoparticles (nab),
e.g., ABRAXANE ® (nab-paclitaxcl}.

[3248]  Paclitaxel (CAS Registry No. 33069-62-4) has the following formula:
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[3256] In some embodiments, the cancer therapy comprises a taxane, such as paclitaxel or
docctaxel. In some embodiments, the taxane is admimistered intravenously. In some
20 embodiments, the cancer therapy comprises paclitaxel, such as solvent-based paclitaxel or
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albumm nanoparticle (nab)}-pachitaxel. In some embodiments, the cancer therapy comprises a

taxane, such as pachitaxel or docetaxel, and the cancer is a cancer disclosed herein. In some
cmbodiments, the cancer therapy comprises a taxane, such as paclitaxel or docetaxel, and the

cancer s lung cancer, such as non-small cell hung cancer (NSCLC) or pancreatic cancer. In

5 some embodiments, the cancer therapy comprises paclitaxel, and the cancer 1s lung cancer. In
some embodiments, the cancer therapy comprises pachitaxel, and the cancer is NSCLC. In

some cmbodiments, the cancer therapy comprises paclitaxel, and the cancer is pancreatic

cancer. In some embodiments, the cancer therapy comprises paclitaxel, and the method further
comprises administering radiation therapy. In some embodiments, the cancer therapy

10 comprises paclitaxel, the method further comprises administering radiation therapy, and the
canceris NSCLC. In some embodiments, the cancer therapy comprises paclitaxel, the method

further comprises administering radiation therapy, and the cancer is pancreatic cancer. In some
embodiments, the cancer therapy comprises pachitaxel, the method further comprises
administering gemcitabine. I some embodiments, the cancer therapy comprises paclitaxel,

5 the mcthod further comprises adnunistering gemettabine and radiation therapy. In some
embodiments, the cancer therapy comprises paclitaxel, the method further comprises
administering gemcitabine, and the cancer is pancreatic cancer. In some embodiments, the

cancer therapy comprises pachitaxel, the method further comprises admistering gemettabine

and radiation therapy, and the cancer is pancreatic cancer.

20 Topoisomerase T Inhibitors
{3251}  Topoisomerases are popular targets for cancer chemotherapy, and a variety of inhubitors
have been or are currently being developed. Compounds that inhibit type | topoisomerase are
currently in use or are being developed as cancer chemotherapeutic agents. In particular, two

denvatives of the nataral type [ topoisomerase inhibitor camptothecin, innotecan {7-ethyi-10-

)
[

{4-(1-piperidino}-1-piperidinojcarbonyvioxy-camptothecin,  also  called CPT-11), and
topotecan  (9-[(dimethylamino)Methyl}-10-hydroxy-(4S)-campiothecin, are  currently
marketed for the treatment of various cancers. Irmotecan is part of the “FOLFIRT” regimen of
feucovorin calcium {calcium folinate), 3-fluorouracil, and Irinotecan widely used in the
treatment of advanced-stage and metastatic colorectal cancer. In some embodiments, the
30 topotsomerase | inhibitor is administered tgravenously.

(6232}  Irinotecan {CAS Registry No. 100286-90-6) has the following formula:
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{3253}  Topotecan {CAS Registry No. 123948-87-8) has the following formula:

3 Chemotherapeutic Nucleoside Analogs

[6254]  QGemcitabine (2',2-diflaoro 2'deoxyevtiding, or dFAC) (CAS Registry No. 95058-81-4)
is a nucleoside analog used as chemotherapy. It s FDA approved for treatment of, 2.g., breast,

pancreatic, lung, and ovarian cancers. It has the following formula:

NH,

ﬁN
HO P
o NS0

F

OH F
16 [0255]  Asapyrinudine analog, the drug replaces one of the building blocks of nucieic acids in
rapidly growing turnor colls, in this case cytidine, during DNA replication. The process arrests
tumor growth, as new nucleosides cannot be attached to the “faulty” nucleoside, resulting n
apoptosis {cellular "suicide™). Gemcitabine is used in various carcinomas: non-small cell hung
cancer, pancreatic cancer, bladder cancer and breast cancer. Gemeitabine is the standard of

13 care for many pancreatic cancers.
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[6236] Other FDA-approved nucleoside analogs for cancer treatments include cviosine
arabinoside {ara-C or Cytarabine) for treatment of acute myeloid leukemia (AML), acute
fymphocytic leukemia (ALL), chronic myelogenous levkemia (ML) and non-Hodgkin’s
fympboma (www_dot drugs_dot com/monograph/cytarabine html (visited November 14,

5 2018}}, and fluorouracil (5-FU) for the treatment of colon cancer, esophageal cancer, stomach
cancer, pancreatic cancer, breast cancer, basal cell carcinoma, and cerviecal cancer
(www_dot drugs_dot com/monograph/fluorouracil html (visited November 14, 2018)}). Ara-

C(CAS Registry No. 147-94-4) has the following formula:

10 0287} 5-FU (CAS Registrv No. 51-21-8) has the following formula;

[0258] o some embodiments, the chemotherapeutic nucleoside analog is administered
mtravenousty, intrathecally, or subcutaneously. In some embodiments, the chemotherapeutic

nucleoside analog is administered intravenously.

15 SMAC Mimetics
[625%]  Second mitochondria-derived activator of caspases {SMAC) is a mitochondnal protein
that binds inhibitor of apoptosis proteins (IAPs) inhibiting IAPs ability to bind caspases, a

class of pro-apoptotic proteins. IAPs antagonistically bind caspases, therefore, SMAC binding
- 80 -
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of TAPs is pro-apoptotic. Various SMAC mimetics have been developed to mimice the activity
of SMAC, e.g., birinapant, APG-1387, Debio 1143, ASTX660, GDC-0152, and HGS-
1029/AEG40826. Endogenous SMAC is bivalent, and similarly, some SMAC mimetics are
also bivalent, e.g., birmapant, APG-1387, and HGS-1029/AEG40826, Alieratively, some

5 SMAC mimetics are monovalent, e.g., Debio 1143, ASTX660, and GDC-0152.
{3260}  Birinapant (U.S. Patent No. 8,283,372, CAS Registry No. 12606251-31-7} has the

following formula:
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{0261}  APG-1387 (Li, N, et al, Cancer Letters, 2016, 381:14-22) has the following formela:
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6262}  Debio 1143 (AT-406/SM-406; Cai etal, J Med Chem. 2011; 54(8): 2714-2726) has the

following formula:
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{32631  ASTXO60 (Ward, GA, et gl Mol Cancer Ther. 2018 Jul 17{7):1381-1391) has the

following formula:

5 (6264 GDC-OIS2/RG-7419 (Flvgare, JA, er al, J Med Chem. 55:4101-4113 (2012), CAS

Registry No. 873652-48-3} has the following formula:
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[6265] HGS-1029/AEG40826 (CAS Registry No. 1107664-44-7) is described i U5, Patent
No. 7,579,320.

{0266} In some embodiments, the cancer therapy comprises a2 SMAC mimetic. In some
cmbodiment, the SMAC vumetic 1s a bivalent SMAC mimetic, such as birinapant, APG-1387,
or HGS-1029/AEG40826. In some embodiments, the SMAC mimetic 1s a monovalent SMAC
mimetic, such ag Debio 1143, ASTX660, and GDC-0152. In some embodiments, the SMAC
mimetic s admuustered orally or intravenously. In some embodiments, the SMAC mumetic is
a bivalent SMAC mumetie, and the SMAC numetic is administered intravenously. In some
embodiments, the SMAC mimctic is a monovalent SMAC mimetic, and the SMAC mimetic
is administered orally. fn some embodiments, the cancer therapy comprises a SMAC mimetic,
such as birinapant, APG-1387, Debio 1143, ASTX660, GDC-0152, or HGS-1029/AEG40826,
and the cancer is a cancer disclosed herein.

{32677  In some embodiments, the cancer therapy comprises a SMAC mumetic, such as a
monovalent or bivalent SMAC mimetic, such as binnapant, APG-1387, or HGS-
{029/AFG40826, and the cancer 1s head and neck cancer, such as bead and neck sarcoma. In
some embodiments, the cancer therapy comprises a bivalent SMAC mimetic, such as
birinapant, and the cancer is head and neck cancer. In some embodiments, the cancer therapy
comprises a bivalent SMAC vumetic, such as birinapant, and the cancer is head and neck
sarcoma.

[6268]  In some embodiments, the cancer therapy comprises a SMAC pumetic, such as a
monovalent or bivalent SMAC mimetic, such as binnapant, APG-1387, or HGS-
{029/AEG40826, and the cancer i1s colorectal cancer. In some embodiments, the cancer
therapy comprises a bivalent SMAC mumetie, such ags birinapant, and the cancer is colorectal
cancer.

0269} In somc embodiments, the cancer therapy comprises a SMAC mimetic, such as a
monovalent or bivalent SMAC muimetic, such as birmapant, APG-1387, or HGS-
1029/AEGA0826, and the cancer is breast cancer, such as triple negative breast cancer. In some
embodiments, the cancer therapy comprises a bivalent SMAC mimetic, such as birinapant,
and the cancer is breast cancer, such as triple negative breast cancer,

62781  In some embodiments, the cancer therapy comprises a SMAC mimetic, such as a
monovalent or bivalent SMAC mimetic, such as birmapant, APG-1387, or HGS-
1029/AEG40826, and the method further comprises adnunistering radiation therapy. In some

embodiments, the cancer therapy comprises a SMAC mimetic, such as a monovalent or
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bivalent SMAC mimetic, such as binnapant, APG-1387, or HGS-1029/AEG40826, the
method further comprises administering radiation therapy, and the cancer is head and neck
cancer, such as head and neck sarcoma. In some embodiments, the cancer therapy comprises
a SMAC munuetic, such as a monovalent or bivalent SMAC mumetic, such as bivinapant, APG-
5 1387, or HGS-1029/AEG40826, the method further comprises admunistering radiation
therapy, and the cancer is colorectal cancer. In some embodiments, the cancer therapy
comprises a SMAC numetic, such as a monovalent or bivalent SMAC mumetic, such as
birnapant, APG-1387, or HGS-1029%AEG40826, the method further comprises admimstering

radiation, and the cancer is breast cancer, such as triple negative breast cancer.

16 Vinca alkalowds

{6271} Vinca alkaloids are a class of anti-microtubule and anti-mitotic agents that block
microtubule polymerization and therefore cellular division. For this reason, vinca alkaloids
are used as cancer chemotherapy. Various vinca alkalowds have been developed eg.,
vincristine. Vinenistine (CAS Registry No. 57-22-7) has the following formula:

M

N
Y

[
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3272}  In some embodiments, the cancer therapy is a vinca alkaloid, such as vineristine, and
the cancer is a cancer disclosed hercin. In some embodiments, the vinca alkaloid is

administered intravenously.

BTK inhibitors
26 0273 Bruton's tyrosine kinase (BTK) is a protemn that is important for B cell development.
Accordingly, various BTK inhibitors, e.g., tbrutinib, have been developed to treat B cell

related cancers. Tbratinib (CAS Registry No. 936563-96-1) has the following formula:
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(6274}  In some embodiments, the cancer therapy 1s a BTK inlabitor, such as ibrutimb, and the

cancer is a cancer disclosed herein. In some embodiments, the BTK mhibitor is adminisiered

orally.

5 PI3KS inhibitors
[6275]  Inhibttion of phosphotnasitide 3-kinase delta (PI3K &) prevents proliferation and induces
apoptosis it B cells. Accordingly, various PI3KS inhilntors, e.g, idelalisib have been
developed to treat B cell related cancers. Idelalisib (CAS Registry No. 870281-82-6) has the

following formula:
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(6276}  In some embodiments, the cancer therapy is a PISKS inlubitor, such as idelalisib, and

the cancer 15 a cancer disclosed herein. In some embodiments, the PI3KS mmhubitor 1s

administered orally.
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Mcl-1 mhibitors
{32777 Myeloid cell leskemia-T (Mel-1) is an anti-apoptotic anti-proliferative protein.
Accordingly, various Mcl-1 inhibitors, e.z., MIK665/8-64315 have been developed to treat

cancer. MIK665/5-64315 {CAS Registry No. 1799631-75-6} has the following formula:
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16278}  In some embodiments, the cancer therapy is a Mcl-1 inhibitor, such as MIK665/5-
64315, and the cancer 1§ a cancer disclosed herein. In some embodiments, the Mcl-1 inhibitor

is administered mtravenously.

Anti-VEGF antibodies

1 8279 ‘ascular endothebial growth factor (VEGF) is a protein that is known to promote
angiogenesis. Bevacizumab (CAS Registry No: 216974-75-3), an antibody that inlubit VEGF,
has been approved to treat colorectal cancer, non-small cell hng cancer, ghoblastoma, renal
cell carcinoma, cervical cancer, epithelial ovarian cancer, fallopian tube cancer, primary
perttoncal cancer, or hepatoceliular carcinoma. As used herein, the term “bevacizumab”

13 mcludes bevacizumab and  bevacizumab  biosvmilars, e g, bevacizumab-awwb  and
bevacizumab-bvzr.

(62861 In some embodiments, the cancer therapy 15 an anti-VEGE antibody, such as
bevacizumab, and the cancer is a cancer disclosed herein. In some embodiments, the anti-

VEGF antibody 1s admmnistered intravenously.
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Pharmaceutical Compositions and Admimstration Methods
0281}  Methods of preparing and administering a dimeric, pentameric, or hexameric DRS
binding molecule as provided herein to a subject in need thercof are known or are readily

determined in view of this disclosure. The route of administration of a DRS binding molecule

(4

can be, for example, oral, parenteral, by inhalation or topical. The term parenteral as used

herein includes, e g, intravenous, intraarterial, imtraperitoneal, intramuscular, subcutancous,

rectal, or vaginal adnuuistration. While these forms of adounisiration are conteraplated as

suitable forms, another example of a form for admnistration would be a solution for njection,

in particalar for imtravenous or intraarterial mjection or drip. A suitable pharmaceutical

10 composition can comprise a buffer {e.g., acetate, phosphate, or ciirate buffer), a surfactant
{e.g., polysorbate}, optionally a stabilizer agent {e.g., human albumin), etc.

{3282}  As discussed hercin, a dimeric, pentameric, or hexameric DRS binding molecule as
provided herein can be administered m a pharmaceuntically effective amount for the in vive
treatroent of cancers expressing DRS . In this regard, it will be appreciated that the disclosed

5 binding molecules and compounds can be formulated so as to facilitate administration and
promote stability of the active agent. Pharmaceutical compositions accordingly can comprise
a phamaccutically acceptable, non-toxic, sterile carrier such as physiological saline, non-toxic
buffers, preservatives, and the bike. A pharmaceutically effective amount of a dimeric,
pentameric, or hexameric DRS binding molecule as provided herein means an amoant
20 sufficient to achieve effective binding to a target and to achieve a therapeutic benefit. A
pharmaceutically effective amount of a cancer therapy as provided hercin means an amount
sufficient to achieve a therapeutic benefit. Sutable formulations are described in Remington's
Pharmaceutical Sciences (Mack Publishing Co.) 16th ed. (19803,
16283}  Certain pharmaceutical compositions provided hercin can be orally admunistered in an
25 acceptable dosage form including, e.g., capsules, tablets, aqueous suspensions, or solutions,
Certan pharmaceutical compositions also can be administered by nasal asrosol or inhalation.
Such compositions can be prepared as solutions in saling, emploving benzyl alcohol or other
suitable preservatives, absorption promoters to enbance bioavaillability, and/or other
conventional solubilizing or dispersing agents.
30 [08284] The amoont of a dimeric, pentamenc, or hexameric DPRS bimding molecule or cancer
therapy that can be combined with carnier materials to produce a single dosage form will vary

depending, ¢.g., upon the subject treated and the particular mode of administration. The
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composition can be administered as a single dose, multiple doses or over an established period
of time m an infusion. Dosage regimens also can be adjusted to provide the optimum desired
response {e.g., a therapeutic or prophylactic response}.
{0285} The compounds described herein can be admuustercd in any pharmaccutically
5 acceptable form, such as in the form of a pharmaceutically acceptable salt, or in free base or
free acid form if said form is pharmaceutically acceptable. The compounds described herein,
or pharmaceutically acceptable salis thereof, can be admimstered in pharmaceutically
acceplable carners or excipients.
6286}  In keeping with the scope of the present disclosure, a dimerie, pentameric, or hexameric
10 DR3 binding molecule as provided herein can be administered to a subjoct m need of therapy
i an amount sufficient to produce a therapeutic effoct. A dimerie, pentameric, or hexameric
DRS binding molecule as provided herein can be adnunistered to the subject in a conventional
dosage form prepared by combining the antibody or antigen-binding fragment, variant, or
dertvative thereof of the disclosure with a conventional pharmaccutically acceptable carrier or
15 diluent according to known technigques. The form and character of the pharmaceutically
acceptable casrier or diluent can be dictated by the amount of active ingredicnt with which #
is to be combined. the route of admmistration and other well-known varniables.

{0287} By "therapeutically effective dose or amount” or "effective amount” is intended an
amount of a dimeric, pentameric, or hexameric DRS binding molecule, that when administered

20 brings about a positive therapeutic response with respect to treatment of a patient with cancer
expressing DRS.

[6288]  Therapeutically effective doses of the compaositions disclosed herein for treatment of
cancer can vary depending upon many different factors, including means of administration,
target site, physiological state of the patient, whether the patient is human or an animal, other

25 medications administered, and whether treatment 15 prophylactic or therapeutic. In certain
embodiments, the subject or patient is a human, but non-human mammals including transgenic
mamimals can also be treated. Treatment dosages can be titrated using routine methods known
to those of skill in the art to optimize safety and efficacy. In certain embodiments, the effective
amourt of the DRS binding molecule or cancer therapy 15 a lower amount than the effective

30 amount of the DR3 binding molecule or cancer therapy as a single agent.

{0285  The amount of a dimenc, pentameric, or hexameric DRS binding molecule to be
administered is readily determined by one of ordinary skill in the art without undue

experimentation given this disclosure. Factors influencing the mode of administration and the
L 8% .
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respective amount of a dimeric, pentameric, or hexameric DR3 binding molecule mclude, but
are not himited to, the severity of the discase, the history of the disease, and the age, height,
weight, health, and physical condition of the individual vadergoing therapy. Similarly, the
amount of a dimeric, pentameric, or bexameric DRS binding molecule to be administered will

5 be dependent upon the mode of adnunistration and whether the subject will undergo a single
dose or multiple doses of this agent.

{0290}  In some embodiments, the dimeric, pentameric, or hexameric DR3 binding molecule
disclosed herein and the cancer therapy disclosed herein are adounistered simultancously. In
some embodiments, the dimeric, pentameric, or hexameric DRS binding molecule disclosed

10 herein and the cancer therapy are administered sequentially. In some embodiments, the method
comprises administering the duneric, pentameric, or hexameric DRS binding molecule prior
to adnunistering the cancer therapy. In some embodiments, the dimeric, pentameric, or
hexameric DRS binding molecule is administered at least 1 minmute, 5 minutes, 10 minutes, 15
mimutes, 30 minutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 1 day, 2 davs, 3 days. 1 week,

15 or 2 weeks prior to adnunistering the cancer therapy. In some embodiments, the dimeric,
pentameric, or hexameric DRS binding molecule is administered 1 minute to 1 month prior to
administering the cancer therapy, such as T mimute to 2 weeks, 1 minute to 3 days, 1 minute
to 1 day, 15 minutes to 2 weeks, 15 munutes to 3 days, 15 minutes to | day, | bour to 2 weeks,
 hour to 3 days, 1 hour to 1 day, 6 hours to 2 weeks, 6 hours to 3 days, 6 hours to | day, |

20 day to 2 weeks, or 1 day to 3 days prior to administering the cancer therapy.

3291} In some embodiments, the method comprises administering the cancer therapy prior to
administering  the dimerie, pentameric, or hexameric DRS binding molecule. In some
embodiments, the cancer therapy is adaunistered at least 1 minute, 5 mimustes, 10 minutes, 1S
minutes, 30 ninutes, 1 hour, 2 hours, 4 hours, 6 hours, 12 hours, 1 day, 2 davs, 3 days, 1 week,

25 or 2 weeks prior to admunistering the dimernic, pentameric, or hexameric DRS binding
molecule. In some embodiments, the cancer therapy 1s adminmistered 1 minute to 1 month prior
to administering the cancer therapy, such as § minute to 2 weeks, 1 minute to 3 days, 1 sunute
to 1 day, 15 minutes to 2 weeks, 15 minutes to 3 days, 15 minutes to 1 day. | hour to 2 weeks,

| hour to 3 days, | hour to 1 day, 6 hours to 2 weeks, 6 hours to 3 days, 6 hours to | day, |

[#8]
o

day to 2 weeks, or | day to 3 days priorto adnunistering the dimeric, pentameric, or hexameric

DRS binding molecule.
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{6292}  This disclosure also provides for the use of a dimenc, pentameric, or hexamerie DRS
binding molecule in the manufacture of a medicament for treating, preventing, or managing

cancer where the cancer expresses DRS.

Kits and Articles of Manufacture

5 0293}  Also provided hercin is a kit comprising a duweric, pentameric, or hexareric DRS
binding molecule disclosed herein and instructions for use in accordance with any of the
methods described herein.

13294}  Also provided herein s a kit comprising a dimeric, pentameric, or hexameric BRS
binding molecule disclosed herein and a cancer therapy foruse in any of the methods described

10 heremn.

[6295]  Also provided hercin is a kit comprising a dimeric, pentameric, or hexameric DRS
binding molecule disclosed hercin and/or a cancer therapy, and instructions for use n
accordance with any of the methods deseribed herein, where the cancer therapy 15 a second
mitochondria-derived activator of caspases (SMAC) mimetic, a folic acid analog, a platinam-

15 based agent, a taxane, a topoisomerase 1 inhibitor, a vinca alkaloid, a Bruton’s tyrosing kinase
{BTK) inhibitor, a phosphomositide 3-kinase delta (PI3K} inlubitor, a myeloid cell leukeria-
I (Mecl-1} inhibitor, or any combination thereof.

0296}  Instructions supplied 1o the kits are typically writien instructions on a label or package
msert {e.g.. a paper sheet jncluded n the kit), but machine-readable 1nstructions {e.g.,

20 mstructions carried on a magnetic or optical storage disk) are also acceptable, as are labels or
package 1inserts that provide references to electronically stored instructions, such as a
hyperlink or barcode that direcis o a website.

6297} This disclosure cmplovs, unless otherwise mndicated, conventional techniques of cell

biology, cell culture, molecular biology, transgenic biology, microbiology, recombinant DNA,

)
[

and immunology, which are within the skill of the art. Such techniques are explained fully in
the literature. See, for cxample, Green and Sambrook, ed. (2012) Molecular Cloning A
Laboratory Manual (4th ed.; Cold Spring Harbor Laboratory Press); Sambrook et al| ed.
{1992} Molecalar Cloning: A Laboratory Manual, (Cold Springs Harbor Laboratory, NY); D
N. Glover and B.D. Hames, eds., (1995} DNA Cloning 2d Edition (JRL Press}, Volumes 1-4;
30 Gait, ed. (1990) Oligonucleotide Synthesis (IRL Press); Mullis et al. U.S. Pat. No. 4,683,195,
Hames and Higgins, eds. (1983} Nucleic Acid Hybrdization (IRL Press); Hames and Higgins,
eds. {1984) Transcription And Translation (IRL Press); Freshney (2016) Culture Of Animal
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Cells, 7th Edition (Wiley-Blackwell); Woodward, 1., Tnmobihized Cells And Enzymes (IRL
Press) (1985); Perbal (1988} A Practical Guide To Molecular Cloning, 2d Edition (Wiley-
Interscience); Miller and Calos eds. (1987) Gene Transfer Vectors For Mammalian Cells,
{Cold Spring Harbor Laboratory); 8.C. Makrdes (2003} Gene Transfer and Expression in
5 Mammahan Cells (Elsevier Science); Methods in Enzymology, Vols. 151-155 {Academic
Press, Inc., N.Y ), Maver and Walker, eds. (1987) Immunochemical Methods in Cell and
Molecular Biology (Academic Press, London}; Weir and Blackwell, eds.; and in Ausubel ot

al. (1995} Current Protocols 1n Molecular Biology (John Wiley and Sons).
{62981  General principles of antibody engineering are set forth, ¢.g., in Strohl, WR., and LM,
10 Strohi {2012}, Therapeutic Antibody Engincering (Woodhead Publishing). General principles
of protein engincering are set forth, e.g .. in Park and Cochran, eds. (2009}, Protein Engincering
and Design (CDC Press). General principles of immunology are set forth, ¢.g., in: Abbas and
Lichtman (2017} Cellular and Molecular Immunclogy 9th Edition (Elsevier). Additionally,
standard methods in mmmumology known i the art can be followed, ¢.g., in Current Protocols
15 i fovounelogy (Wiley Online Library); Wild, D, (2013), The Inmunoassay Handbook 4th
Edition (Elsevier Science); Greenficld, ed. (2013), Antibodies, a Labosatory Manual, 2d
Edition {Cold Spring Harbor Press); and Ossipow and Fischer, eds., (2014}, Monoclonal

Antibodics: Methods and Protocols (Humana Press).

Exemplary Embodiments

20 [029%]  Among the provided embodiments are:
[#3308] Embodiment 1. A method for inhibiting, delaying, or reducing malignant cell growth
inn a subject with cancer i need of treatment, comprising administering to the subject a
combination therapy comprising:

(63011  {(a) an effective amount of a pentameric or hexamenc IgM or IgM-like antibody or a

)
[

dimeric IgA or IgA-like antibody, or a multimerized antigen-binding fragment, variant, or
denivative thereof that specifically and agonistically binds to DR3, where three to twelve of
the antigen binding domains of the IgM or IgM-like antibody or multimerized antigen-binding
fragment, vanant, or denivative thereof or three or four of the antigen binding domains of the
IgA or IgA-like antibody or multimerized antigen-binding fragment, variant, or derivative
36 thereof are DR3-specific and agonistic; and
[6362] (b} an effective amount of a cancer therapy, where the cancer therapy comprises a
second mitochondria-derived activator of caspases (SMAC) mimetic, radiation, a folic acid
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analog, a platinum-based agent, a taxane, a topoisomerase I inhubitor, a vinea alkaloid, a
Bruton’s tyrosine kinase {(BTK) inhibitor, a phosphoinositide 3-kinase delta (PI3KS) inhibitor,
a myeloid cell leukemia-1 (Mcl-1} inhibrtor, an anti-VEGF antibody, or any combination
thereof,

5 [8383] Embodiment2, A method for inhubiting, delaying, or reducing malignant cell growth
iy & subject with cancer in need of treatment, comprising administering an effective amount
of a pentameric or hexameric ¥gM or IgM-like antibody or a dimeric IgA or IgA-like antibody,
or amultimerized antigen-binding fragment, vanant, or derivative thereof that specifically and
agonistically binds to DRS, where three to twelve of the antigen binding domains of the {gM

10 or fgM-like antibody or multimerized antigen-binding fragment, vanant, or derivative thereof
or three or four of the antigen binding domains of the IgA or IgA-like anttbody or multimerized
antigen-binding fragment, variant, or derivative thercof are DR5-specific and agonistic,

[384]  where the pentameric or hexamerie IgM or IgM-like antibody or the dimeric IgA or IgA-
like antibody, or the multimerized antigen-binding fragment, variant, or derivative thereof is

15 administered with an effective amount of a cancer therapy, where the cancer therapy comprises
a second mitochondria~-derived activator of caspases (SMAC) numetic, radiation, a folic acid
analog, a platinum-based agent, a taxane, a topoisomerase H inhibitor, a vinca alkaloid, a
Bruton's tyrosine kinase (BTK) inhibitor, a phosphoinositide 3-kinase delta (PI3KE) inhibitor,
a myeloid cell levkemia~1 (Mcl-1} mbubitor, an anti-VEGF antibody, or any combination
20 thereof.

{3305} EHmbodiment 3. A method for inhibiting, delaying, or reducing malignant cell growth
in a subject with cancer in need of reatment, comprising admuustering an etfective amount
of a cancer therapy, where the cancer therapy comprises a second mitochondria-derived
activator of caspases (SMAC) mimetic, radiation, a folic acid analog, a platinum-based agent,

25 a taxane, a topoisomerase I inhibitor, a vinca alkaloid, a Bruton’s tvrosine kinase {(BTK)
nhibitor, a phosphoinositide 3-kinase delta (PI3KS) inlubitor, a myveloid cell leukemia~-1 (Mcl-
1) inhibitor, an anti-VEGF antibody, or any combination thereof,

{3306}  where the cancer therapy 1s administered with a pentameric or hexameric Igh or IgM-

itke anttbody or a dimeric IgA or IgA-like antibody, or 3 mulimerized antigen-binding
30 fragment, variant, or derivative thereof that specifically and agomstically binds to DRS, where
three to twelve of the antigen binding domains of the IgM or IgM-like antibody or

mudtimerized antigen-binding fragment, variant, or derivative thereof or three or four of the
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antigen binding domamns of the IgA or IgA-hike antibody or multimenized antigen-binding
fragment, variant, or dertvative thereof are DRS-specific and agonistic.

{6307} Embodiment4. A method for inducing apoptosis in a cancer cell in 1n a subject with
cancer in need of treatment, comprising administering o the subject a combimation therapy
comprising:

{3308}  (a} an cffcctive amount of a pentameric or hexameric [gM or IgM-like antibody or a
dimernic IgA or IgA-bke antibody, or a multimenzed antigen-binding fragment, varant, or
dentvative thereof that specifically and agonistically binds to DRS, where three to twelve of
the antigen binding domains of the IgM or IgM-like antibody or multimernized antigen-binding
fragment, varant, or derivative thereof or three or four of the antigen binding domains of the
IgA or IgA-like antibody or multimerized antigen-binding fragment, variant, or dertvative
thereof are DRS-specific and agonistic; and

{3302} (b)) an effective amount of a cancer therapy, where the cancer therapy comprises a
second mitochondria-derived activator of caspases (SMAC) nmumetic, radiation, a folic acid
analog, a platinum-based agent, a taxane, a topoisomerase H inlubitor, a vinea alkaloid, a
Bruaton’s tyrosine kinase (BTK) inhibitor, a phosphoinositide 3-kinase delta (PI3KS) inhibitor,
a myeloid cell leukemia-1 (Mcl-1} inhibrtor, an anti-VEGF antibody, or any combination
thereof.

[3316] Embodiment5. A method for inlubiting, delaying, or reducing malignant celi growth
in a subject with cancer in need of treatment, comprising administering an effective amount
of a pentameric or hexameric IgM or IgM-like antibody or a dimeric IgA or IgA-like antibody,
or a multenized antigen-binding fragment, vartant, or derivative thereof that specifically and
agonistically binds to DRS, where three to twelve of the antigen binding domains of the IgM
or fgM-like antibody or multimerized antigen-binding fragment, variant, or derivative therecof
or three or four of the antigen binding domains of the IgA or IgA-like antibody or multimerized
antigen-binding fragment, variant, or denvative thercof are DR5~specific and agonistic,

{311}  where the pentameric or hexamerie IgM or IgM-like antibody or the dimeric IgA or IgA-
like antibody, or the multimerized antigen-binding fragment, variant, or derivative thereof is
administered with an effective amount of a cancer therapy, where the cancer therapy comprises
a second mitochondria~-derived activator of caspases (SMAC) numetic, radiation, a fohic acid
analog, a platinum-based agent, a taxane, a topoisomerase H inhibitor, a vinca alkaloid, a

Bruton’s tyrosine kinase (BTK) inhibitor, a phosphoinositide 3-kinase delta (PI3KE) inhibitor,
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a myelowd cell leukema-1 (Mcl-1} mhubttor, an anti-VEGF antibody, or any combination
thereof.

{6312} [Embodiment6. A method for inducing apoptosis in a cancer cell in 1n a subject with
cancer 10 necd of treatment, comprising administering an effective amount of an effective

5 amount of a cancer therapy, where the cancer therapy comprises a second mitochondria~

dertved activator of caspases (SMAC) nmumetic, radiation, a folic acid analog, a platinum-
based agent, ataxane, a topoisomerase 11 inhibitor, a vinca alkaloid, a Bruton’s tyrosine kinase
{BTK) mhibitor, a phosphoinositide 3-kinase delta (PI3K9) intlubitor, a myeloid cell leukemia-
1 (Mgl-1}) inhibitor, an anti-VEGF antibody, or any combination thereof,

10 [8313}  where the cancer therapy is adnunistered with a pentamernic or hexameric IgM or IgM-
like antibody or a dimeric IgA or IgA-hike antibody, or a multimerized asntigen-binding
fragment, vaniant, or derivative thereof that specifically and agonistically binds to DRS, where
three to twelve of the antigen binding domains of the IgM or IgM-like antibody or
multimerized antigen-binding fragment, variant, or derivative thercof or three or four of the

5 antigen binding domains of the IgA or IgA-like antibody or multimerized antigen-binding
fragment, variant, or desivative thereof are DRS-specific and agonistic.

{6314} Embodiment7.  The method of any one of embodiments 1 to 6, where the cancer
therapy comprises a folic acid analog.
[3315] Embodiment 8. The method of embodiment 7, where the folic acid analog comprises

20 feucovorin.

{3316} Embodiment 9.  The method of any one of embodiments 1 to 6, where the cancer
therapy comprises a platinum-based agent.

{6317} Embodiment 10, The method of embodiment 9, where the platinom-based agent
comprises oxaliplatin, carboplatin, or a combination thereof.

25  [0318] Embodiment 1. The method of cmbodiment 9 or embodiment 10, where the
platinum-based agent comprises oxaliplatin.

3319}  Embodiment 12, The method of any one of embodiments 9 to 11, where the platinum-
based agent comprises carboplatin,
{03206} Embodument 13, The method of any one of embodiments 1 to 6, where the cancer

30 therapy comprises a taxane.

{6321} Embodiment 14, The method of embodiment 13, where the faxane comprises

paclitaxel.

Y
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6322} Ewmbodiment 15, The method of embodiment 14, where the paclitaxel comprises
solvent-based paclitaxel, nab-paclitaxel, or a combination thereof.
{6323} Embodiment 16, The method of embodiment 14 or embodiment 15, where the
paciiaxel comprises solvent-based pacltaxel.
5 [8324] TEmbodiment 17. The method of embodiment 14 or embodiment 15, where the
paciitaxel comprises nab-paclitaxel.
6325} Ewmbodiment 18, The method of any one of embodiments 1 to 6, where the cancer
therapy comprises a topoisomerase H ihibitor.
{63261 Embodiment 19, The method of emabodiment 18, where the topoisomerase I inhibitor
10 comprises an anthracycline.
{0327} Embodiment 20, The method of embodiment 19, where the anthracycline comprises
doxorubicin.
[3328] Embodiment 21, The method of embodiment 18, where the topoisomerase I inhibitor
comprises etoposide.
15 [8329] Embodument 22, The method of any one of embodiments 1 to 6, where the cancer
therapy comprises radiation.
{63303} Embodiment 23, The method of any one of embodiments 1 to 6, where the cancer
therapy comprises a SMAC numetic.
[3331] [Embodiment 24, The method of embodiment 23, where the SMAC mimetic
26 comprises birmapant, GDC-0152, HGS-1029/AEG40826, Debio 1143, APG-1387, ASTX660,
or a combination thereof.
[6332] Embodiment 25.  The method of embodiment 23 or embodument 24, where the SMAC
mimetic comprises a bivalent SMAC mimetic.
[6333] Embodiment 26, The method of any one of embodiments 23 to 25, where the SMAC
25 mimetic comprises birinapant.
[3334] Embodiment 27.  The method of any one of embodiments 23 to 25, where the SMAC
mimetic comprises APG-1387.
335} Embodiment 28, The method of any one of embodiments 23 to 23, where the SMAC
nimetic comprises HGS-1029/AEG40826.
30 [0336] Embodiment 29, The method of embodiment 23 or embodiment 24, where the SMAC
mimetic comprises a monovalent SMAC numetic.
{6337} Embodiment 30,  The method of any one of embodiments 23, 24, or 29, where the

SMAC mumetic comprises GDC-0152.
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[6338] Ewmbodiment 31, The method of any one of embodiments 23, 24, or 29, where the
SMAC mimetic comprises Debio1143.
{3339} Embodiment 32.  The method of any one of embodiments 23, 24, or 29, where the
SMAC numetic comprises ASTX668.
5 [8348] TEmbodiment33.  The method of any one of embodiments | to 6, where the cancer
therapy comprises a vinca atkaloid.
{6341} Ewmbodiment 34, The method of embodument 33, where the vinca alkaloid comprises
vincristing.
{6342} Embodiment 35, The method of any one of embodiments 1 to 6, where the cancer
10 therapy comprises a BTK mhibitor.

[0343] Embodiment 36, The method of embodiment 33, where the BTK inhibitor comprises
ibrutinib.

#3344} Embodiment 37, The method of any one of embodiments 1 to 6, where the cancer
therapy comprises a PISKS inhibitor.

15 [8343] Embodument 38.  The method of embodiment 37, where the PI3KS inhibitor comprises
idelalisib.

[6346] Embodiment 39,  The method of any one of embodiments 1 to 6, where the cancer
therapy comprises a Mel-1 inhubitor,

[3347] Embodiment 40.  The method of embodiment 39, where the Mcl-1 inhibitor comprises

20 MIK665.

3348} Embodiment 41.  The method of any one of embodiments 1 to 6, where the cancer
therapy comprises an anti-VEGF antibody.

[6349] Embodiment 42,  The method of embodiment 41, where the anti-VEGF antibody i
bevacizumab.

25  [0356] Embodiment43. The method of any one of embodiments | to 42, further comprising
adnunistering an effective amount of an additional cancer therapy.

[#351] Embodiment 44.  The method of embodiment 43, where the additional cancer therapy
comprises a topoisomerase | mhibitor, a nuckeoside analog, a platinum-based agent. or any
combination thereof,

30 [0382] Embodiment45. The method of embodiment 43 or embodiment 44, where the
additional cancer therapy comprises a topoisomerase I inhibitor.

{6333} Embodiment 46, The method of embodiment 45, where the topoisomerase 1 inhibitor

comprises rinotecan, topotecan, or a combination thereof.
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[6334] Embodiment 47, The method of embodiment 45 or embodiment 46, where the
topoisomerase { inhibitor comprises irinotecan.
{3335} Embodiment 48, The method of any one of cmbodiments 43 to 47, where the
additional cancer therapy comprises a nucleoside analog.
5 [@#3586] TEmbodiment49. The method of embodiment 48, where the mucleoside analog
comprises fluorcuracil (5-FU), gemcitabine, or any combination thercof.
{63877 Embodument 50.  The method of embodiment 49, where the nucleoside analog
comprises fluorouracil (3-FU).
[63538] Embodiment 51, The method of embodiment 49, where the nucleoside analog
10 comprises gemcitabine.
{0359} Embodiment 52, The method of any one of crobodiments 1 to 51, where the cancer is
a hematologic cancer or a solid tumor.
[#3368] Embodiment 53.  The method of embodiment 52, where the cancer 1s a hematologic
cancer.
15 [8361] Embodument 54. The method of embodiment 52 or 33, where the hematologic cancer
is feukemia, lymphoma, myeloma, any metastases thereof, or any combination thereof.
{6362} [Embodiment 55 The method of any one of cmbodiments 32 to 54, where the
heomatologic cancer s acute myeloid leukenmia (AML), chronic mycloid leukemia (CML),
acute lvmphocvtic leukemia (ALL), small lyvmphocviic lymphoma (SLL), chronic
20 ivmphocytic levkemia, hairy cell leukemia, Hodgkin lymphoma, non-Hodgkin ymphoma,
multiple myeloma, any metastases thereof, or any combination thereof.
[6363] Embodiment 56, The method of any one of embodiments 52 to 53, where the
hematologic cancer is acute myveloid levkemia (AML).
[6364] Embodiment 57, The method of any one of embodiments 53 to 56, where the cancer
25 therapy comprises doxorubicin.
[3365] Embodiment 38, The method of embodiment 32, where the cancer is a solid tumor.
[3366] Embodiment 59, The method of embodiment 32 or 58, where the cancer is bladder
cancer, colorectal cancer, sarcoma, gastric cancer, lung cancer, pancreatic cancer, melanoma,
ovarian cancer, head and neck cancer, or breast cancer.
30 [03677 Embodiment 60.  The method of any one of embodiments 52, 58, or 59, where the
CAncer is Sarcoma.
{6368} Embodiment 61, The method of embodiment 60, where the sarcoma is fibrosarcoma,

chondrosarcoma, or osteosarcoma.
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{63691 Embodiment 62, The method of embodiment 60, where the sarcoma is fibrosarcoma.
[6378] Embodiment 63, The method of any one of embodiments 60 to 62, where the cancer
therapy comprises doxonibicin.
8371} Embodiment 64, The method of any one of embodiments 52, 5§, or 59, where the
5 cancer is colorectal cancer.
{3372}  Embodiment 5.  The method of embodiment 64, where the cancer therapy comprises
oxaliplatin.
{63731 Embodiment 66. The method of embodiment 65, where the additional therapy
comprises S-FU.
10 [0374} Embodiment 67 The method of embodiment 64, where the cancer therapy comprises
leucovorin,
[3375]  Embodiment 68.  The method of embodiment 67, where the additional therapy
comprises oxaliplatin or irinotecan.
16376} Embodiment 69. The method of any onc of embodiments 52, 58, or 59, where the
15 cancer is gastric cancer.
{6377} Embodiment 70. The method of embodiment 69, where the cancer therapy comprises
carboplatin.
[6378] Embodiment 71, The method of embodiment 69, where the cancer therapy comprises
oxahiplatin.
20 8378} Embodiment 72, The method of embodiment 69, where the cancer therapy comprises
paclitaxel
{6386} Embodiment 73.  The method of any one of embodiments 52, 58, or 39, where the
cancer 1s lung cancer
{6381} Embodiment 74,  The method of cmbodiment 73, where the hung cancer is non-small
25 cell lung cancer (NSCLC).
[6382] Embodiment 75, The method of embodiment 73 or embodiment 74, where the cancer
therapy comprises carboplatin,
63831 Embodiment 76.  The method of embodiment 73 or embodiment 74, where the cancer
therapy comprises paclitaxel.
30 [0384] Embodiment 77.  The method of any one of embodiments 52, 58, or 59, where the
cancer is pancreatic cancer.
{6385} Embodiment 78 The method of embodiment 77, where the cancer therapy comprises

paciitaxel.
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[6386] Embodiment 79, The method of embodiment 78, where the additional therapy
comprises gemcitabine.

{6387} Embodiment 80,  The method of any one of embodiments 32, 38, or 39, where the
cancer is head and neck cancer.

[3388] Embodiment 81, The method of embodiment 80, where the head and neck cancer is
head and neck sarcoma.

{0389} Embodiment 82,  The method of any one of embodiments 52, 58, or 39, where the
cancer 1s breast cancer.

{63984 Embodiment 83,  The method of embodiment 82, where the breast cancer is triple
negative breast cancer (TNBC).

{0391} Embodiment 84, The method of any one of embodiments 1 to 83, where the thyee or
four antigen-binding domains or the three to twelve antigen-binding domains of the antibody
or multimenzed antigen-binding fragment, variant, or dentvative thereof comprise a heavy
chain variable region (VH) and a light chain variable region (V1), where the VH and VL
comprise six immunogiobulin complomentarity determining regions HCDRIY, HCDR2,
HCDR3, LCBRI, LCDR2, and LCDR3, where the HCDRI, HCDR2, HCDR3, LCDRI,
LCDRZ, and LCDR3 comprise the CDRs of an antibody comprising the VH and VL amino
acid sequences SEQ 1D NO: { and SEQ D NG: Z; SEQ ID NO: 3 and SEQ 1D NG: 4; SEQ
B NGOG 5 or SEQ ID NQO: 90 and SEQ IDNO: 6, SEQ ID NO: 7 and SEQ ID NG 8, SEQID
NQO: 9 and SEQ 1D NO: 10; SEQ ID NO: 11 and SEQ ID NO: 12; SEQ ID NO: 13 and SEQ
IDNQO: 14; SEQ ID NO: 15 and SEQ D NQ: 16, SEQ ID NO: 17 and SEG 1D NO: 18; SEQ
1D NG: 19 and SEQ 1D NO: 20; SEQ 1D NO: 21 and SEQ 1D NG: 22; SEQ 1D NG: 23 and
SEQ ID NO: 24; SEQ ID NO: 25 and SEQ ID NG: 26, SEQ D NO: 27 and SEQ ID NO: 28,
SHQ 1D NO: 29 and SEG 1D NG: 30; SEG 1D NO: 31 and SEQ 1D NO: 32; SEG ID NO: 33
and SEQ 1D NO: 34; SEQ 1D NG: 35 and SEQ ID NG: 36; SEQ ID NO: 37 and SEQ ID NO:
38, SEQ ID NO: 39 and SEQ 1D NO: 40; SEQ ID NO: 41 and SEQ ID NG: 42, SEQ ID NO:
43 and SEQ ID NO: 44, SEQ 1D NO: 45 and SEQ ID NO: 46; SEQ IB NG: 47 and SEQ ID
NO: 48, SEQID NO: 49 and SEG IDNG: 30; SEQ ID NOG: 31 and SEQ ID NO: 532; SEQ ID
NO: 53 and SEQ 1D NO: 54; SEQ ID NO: 35 and SEQ 1D NG 56, SEQ 1D NO: 82 and SEQ
ID NG: 83; SEQ ID NO: 84 and SEQ ID NOG: 85; SEQ ID NO: 86 and SEQ ID NO: 87, or
SEQ ID NO: 88 and SEQ ID NO: 89; respectively, or the ScFv sequence SEQ ID NG: 57,
SEQ 1D NO: 38, SEQ 1D NG: 59, SEQ 1D NO: 60, SEQ 1D NO: 61, SEQ 1D NO: 62, SEQ
D NGO 63, SEQ ID NG 64, SEQ ID NG: 65, SEQ ID NQ: 66, SEQ IDNO: 67, SEQ D NGO
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68, SEQ ID NO: 69, SEQ 1D NO: 70, SEQ ID NG: 71, SEQ ID NG: 72, or SEQ 1D NG: 73

or the six CDRs with one or two amino acid substitutions in one or more of the UDRs.

{6392} Embodiment 85 The method of embodiment 84, where the three or four antigen-

binding domains or the three to twelve antigen-binding domains of the antibody or
multimerized antigen-binding fragment, variant, or derivative thereof comprise a heavy chain
variable region {(VH) and a light chain variable region {(VL), where the VH and VL comprise
six unounoglobulin complementarity determining regions HCDR1, HCDR2, HCDR3,
LCDRI, LCDR2, and LCDR3, where the HCDRI, HCDR2, HCDR3, LCDRY, LCDR2, and
LCDR3 comprise the CDRs of an antibody comprising the VH and VL amino acid sequences
SEQ HD NO: 5 or SEQ ID NO: 90 and SEQ ID NO: 6; or SEQ 1D NG: 7 and SEQ ID NO: &,

respectively.

[3393] Embodiment 86, The method of embodiment 85, where the three or four anfigen~

binding domains or the three to twelve antigen-binding domains of the antibody or
multimerized antigen-binding fragment, variant, or derivative thereof comprise a heavy chain
vartable region (VH) and a light chain vanable region (VL), where the VH and VL comprise
stx immuneglobulin complementarity determiming regions HCDRI, HCDRZ, HCDR3,
LCDRY, LCDRZ, and LCDR3, where the HCDRY, HCDR2, HCDR3, LCBR1, LCDRZ, and
L.CDR3 comprise the CDRs of an antibody comprising the VH and VL amino acid sequences
SEQ ID NG: § or SEQ ID NO: 90 and SEQ ID NO: 6, respectively.

16394} Embodiment 87.  The method of embodiment 85, where the three or four antigen~

binding domains or the three to twelve antigen-binding domains of the amtibody or
multimerzed antigen-binding fragment, variant, or derivative thereof conmprise a heavy chain
vanable region (VH) and a light chain variable region (V1), where the VH and VL comprise
six imununoglobulin complementarity determming regions HCDRI, HCDRZ, HCDR3,
LCDRI, LCDR2, and LCDR3, where the HCDRI, HCDR2, HCDR3, LCDRI, LCDRZ, and
LCDR3 comprise the CDRs of an antibody comprising the VH and VL amino acid sequences

SEQID NG 7 and SEQ ID NG: 8, respectively.

13395}  Embodiment 88, The method of any one of embodiments 1 to 84, where the three or

four antigen-binding domains or the three to twelve antigen-binding domains of the antibody

or multimerized antigen-binding fragment, variant, or derivative thereof comprise an antibody

VHand a VL, where the VH and VL comprise amino acid sequences at least 90% identical to

SEQ D NO: | and SEQIDNG: 2; SEQGID NO: 3and SEG ID NO: 4, SEQ ID NGO 5 0r SEQ

D NG: 90 and SEQ ID NO: 6; SEQ ID NO: 7 and SEQ ID NO: §; SEQ ID NG: 9 and SEQ
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IDNG: 10; SEQID NG 11 and SEQ ID NO: 12; SEQ ID NO: 13 and SEQ ID NQG: 14; SEQ
ID NO: 15 and SEQ ID NG 16; SEQ 1D NO: 17 and SEQ ID NO: 1€, SEQ ID NO: 19 and
SEQ ID NO: 20; SEQ ID NO: 21 and SEQ ID NO: 22; SEG 1D NO: 23 and SEQ ID NO: 24;
SEQ D NO: 25 and SEQ 1D NO: 26; SEGQ D NG: 27 and SEQ 1D NO: 28; SEQG ID NO: 29
and SEQ TR NO: 30; SEQ ID NG: 31 and SEQ TR NO: 32; SEQ ID NG: 33 and SEQ IR NO:
34; SEGQ 1D NO: 35 and SEQ 1D NO: 36; SEQ 1D NO: 37 and SEQ ID NO: 38, SEG 1D NG
39 and SEQ 1D NO: 40; SEQ ID NG: 41 and SEQ 1D NO: 42; SEQ ID NG: 43 and SEQ ID
N 44; SEQ ID NG 45 and SEQ ID NO: 46; SEQ ID NG: 47 and SEQ [D NQ: 48, SEQ ID
NO: 49 and SEQ ID NO: 50; SEQ ID NO: 51 and SEQ ID NO: 52; SEQ ID NO: 53 and SEQ
1D NG 54; SEQ ID NQ: 55 and SEG 1D NGO 56; SEQ I3 NO: 82 and SEQ 1D NO: 83; SEQ
D NO: 84 and SEQ ID NO: 85; SEQ 1D NO: 86 and SEQ 1D NO: 87; or SEQ ID NO: 88 and
SEQ ID NO: 89; respectively, or where the VH and VL are contained in an ScFv with an
amino acid sequence at least 90% tdentical to SEQ ID NG: 57, SEQ 1D NG: 58, SEQ ID NG
56, SEQ ID NQO: 60, SEQID NO: 61, SEQ ID NO: 62, SEQ 1D NO: 63, SEQ 1D NO: 64, SEQ
ID NG 65, SEQ 1D NO: 66, SEQ 1D NOG: 67, SEQ ID NO: 68, SEQ ID NGO: 69, SEQ ID NG
70, SEQ ID NG 71, SEQ ID NG: 72, or SEQ ID NO: 73, respectively.

{6396} Embodiment 89. The method of embodiment 88, where the three or four antigen-

binding domains or the three to twelve antigen-binding domains of the antibody or
multimerized antigen-binding fragment, vanant, or derivative thereof comprise an antibody
VH and a VL, where the VH and VL comprise amino acid sequences at least 90% identical to
SEQ ID NO: 5 or SEQ ID NO: 96 and SEQ 1D NO: 6; or SEQ ID NO: 7 and SEQ ID NO: 8,

respectively.

{63977 Embodiment 80, The method of embodiment 89, where the three or four antigen-

binding domains or the three to twelve antigen-binding domains of the antibody or
multimerized antigen-binding fragment, variant, or derivative thercof conprise an antibody
VH and a VL, where the VH and VL comprise amno acid sequences at least 90% identical to

SEQ ID NG: S or SEQ 1D NO: 90 and SEQ ID NG: 6, respectively.

3398} Embodiment 91.  The method of embodiment 89, where the three or four antigen-

binding domains or the three to twelve antigen-binding domamns of the antibody or
multtimerized antigen-binding fragment, variant, or derivative thereof comprise an antibody
VHand a VL, where the VH and VL comprise amino acid sequences at least 90% identical to
SEQ 1D NO: 7 and SEQ ID NO: 8, respectively.
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(63991 Embodiment 92,  The method of any one of embodiments | to 91, where the antibody
or muoltimerized antigen-binding fragment, variant, or derivative thereof is a dimeric IgA or
igA-like antibody comprising two bivalent IgA binding uweits or multimerizing fragments

thercof and a J-chain or fragment or variant thercof, where cach binding unit comprises two

w

IgA heavy chain constant regions or multimerizing fragments thereof each associated with an
antigen-binding domain.

[040606] Embodiment 93, The method of embodiment 92, where the IgA or IgA-like antibody
or multimerized antigen-binding fragment, variant, or denvative thereof further comprises a
secretory component, or fragment or vanant thereof,

10 [0481} Embodiment 94, The method of embodiment 92 or embodiment 93, where the IgA
heavy chain constant regions or multumerizing fragments thercof cach comprise a Ca3-tp
domain.

{3402}  Embodiment 95,  The method of embodiment 94, where the IgA heavy chain constant
regions or multimernizing fragments thereof cach comprise a Cal domain and/or a Co2 domain.

15 [0403] Embodument 96, The method of any one of embodiments 92 o 95, where the IgA
heavy chain constant region is a human IgA constant region.

{0404} Embodiment 97 The method of any one of embodiments 92 to 96, where cach binding
unit comprises two lgA heavy chains cach comprising a VH situated anuno termmnal fo the

IgA constant region or multimernzing fragment thereof, and two immunoglobulin light chains
g = S > S g

20 cach comprising a VL siteated amino terminal to an mmmunoglobulin light chain constant
region.

[6408]  Embodiment 98.  The method of any one of emboduments | to 91, where the antibody
or maltimerized antigen-binding fragment, vaniant, or derivative thereof 1s a pentameric or a
hoxameric IgM antibody compusing five or six bivalent IgM binding units, respectively,
25 where cach binding unit comprises two Igh heavy chain constant regions or multimerizing
fragments thercof each associated with an antigen-binding domain.
3406}  Embodiment 99, The method of embodiment 98, where the IgM heavy chain constant
regions or ntimerizing fragments thereof cach comprise a Cud-tp domain,
[3407] Embodunent 100. The method of embaodinment 99, where the Igh heavy chain constant
30 regions or mudtimerizing fragments thereof each comprise a Cul domain, a Cu2 doman,

and/or a Cp3 domain.
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[6408] Embodiment 101, The method of any one of embodiments 98 to 100, where the
antibody or maltimerized antigen-binding fragment, varant, or derivative thergof is
pentameric, and further comprises a J-chain, or functional fragment thereof, or variant thereof.

[6409] Embodiment 192, The method of any one of emboduments 98 to 101, where the IgM

w

heavy chain constant region is a human IgM constant region.

3418} Embodiment 103, The method of any one of embodiments 98 to 102, where each
binding unit comprises two IgM beavy chains each comprising a VH situated amino terminal
to the IgM constant region or multimerizing fragment thereof, and two immunoglobulin hight
chains each comprising a VL situated amino terminal to an immanoglobulin light chain

10 constant region.

{0411} Embodiment 104 The method of any one of embodiments 101 to 103, where the I-
chain or functional fragment or variant thereof 13 a variant J-chain compnising one or more
single amino acid substitutions, deletions, or insertions relative to a wild-type J-chain that can
affect serom half-life of the multimeric binding molecule; and where the multimeric binding

15 molecule exhibits an increased serum halt-life upon administration to an anumal relative 10 a

reference multimenic binding molecule that is identical except for the one or more single amino
acid substitutions, deletions, or insertions, and is administered in the same way to the same
animal specics.

[3412] Embodiment 105, The method of embodiment 104, where the J-chain or functional

20 fragment thercof comprises an amino acid sobstitution at the amino acid position

corresponding to amino acid Y192 of the wild-type human J-chain (SEGQ 1D NG: 97).

{3413} Embodiment 105, The method of ombodiment 105, where the amino acid
corresponding to Y102 of SEQ ID NG: 97 is substituted with alanine (A}, serine {8}, or
arginine {R).

25 |0414] Embodiment 197, The mcthod of embodiment 106, where the amwno acid

corresponding to Y102 of SEQ ID NO: 97 is substituted with alanine (A).

{3415}  Embodiment 108, The method of embodiment 107, where the J-chain is a variant
human J-chain and comprises the amino acid sequence SEQ 1D NG: 98,

[0416] Embodument 109, The method of embodiment 104, where the J-chain or functional

30 fragment thereof comprises an amino acid substitution at the aming acd position

corresponding to aming acid N49, amino acid 851, or both N49 and 551 of the haman J-chain

{(SEQ 1D NO: 97}, where a single amino acid substitution corresponding to position 531 of

SEQ ID NQO: 97 is not a threonine (T) substitution.
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(64177  Embodiment 110. The method of embodiment 109, where the position corresponding
to N49 of SEQ 1D NO: 97 15 substitated with alanine (A), glycine (), threonine (T}, serine
{8) or aspartic acid {D).
[6418] Embodiment 111, The method of embodiment 110, where the posttion corresponding
5 to N49 of SEQ 1D NG: 97 is substituted with alanine (A).
[3419] Embodiment 112, The method of any onc of embodiments 109 to 111, where the

position corresponding to S51 of SEQ 1D NG: 97 1s substituted with alamne (A) or glveine

{(3).
[6428] Embodiment 113, The method of embodiment 112, where the position corresponding
10 to 831 of SEQ ID NO: 97 is substituted with alanine (A}

{0421} Embodiment 114 The method of any one of embodiments 92 1o 97 or 101 to 113,
where the J-chaim or functional fragment or varant thereof further comprises a heterologous
polypeptide, where the heterologous polypeptide 1s directly or indirectly fused to the J-chan
or functional fragment or variant thereof,

15 [0422] Ewmbodument 115 The wmethod of cmbodiment 114, where the heterologous
polypeptide is fused to the J-chain or functional fragment thereof via a peptide linker.

{0423} Embodiment 116, The method of embodiment 115, where the peptide inker comprises
at least 5 amino acids, but no more than 25 amino acids.

[3424] Embodiment 117. The method of embodiment 115 or 116, where the peptide linker

20 consists of GGGGS (SEQ ID NGO 99), GGGGSGGGGS (SEQ 1D NG 100),
GGGGSGGGGSGGGES (SEQ ID NO: 101), GGGGSGGGGSGGGGSGGGGS (SEQ ID
NO: 102), or GGGGSGGGGSGEOGESGGGGSGEGES (SEQ 1D NG: 103),

[64258] Embodiment 118, The method of any one of ecmbodiments 114 to 117, where the

heterologous polypeptide s fused to the N-terminus of the J-chain or functional fragment or
25 vartant thereof, the C-terminus of the J-chain or functional fragment or variant thereof, or to
both the N-terminus and C-terminus of the J-chamn or fumetional fragment or variant thereof.

[3426]  Embodiment 119, The method of any one of embodiments 114 to 118, where the
heterologous polypeptide can influence the absorption, distabution, metabolism and/or
excretion (ADME) of the multimeric binding molecule.

30 [04277 Embodiment 120. The method of any one of embodiments 114 to 118, where the
heterologous polypeptide comprises an antigen binding domain.

{6428} Embodiment 121, The method of embodiment 120, where the antigen binding domain

of the heterologous polypeptide is an antibody or antigen-binding fragment thereof.
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{64291 Embodiment 122, The method of embodiment 121, where the antigen-binding
fragment comprises an Fab fragment, an Fab' fragment, an F(ab")2 fragment, an Fd fragment,
an Fv fragment, a single-chain Fv (scFv) fragment, a disulfide-linked Fv (sdFv} fragment, or
any combination thereof.

5 [B#436] TEmbodiment 123, The method of embodiment 121 or embodiment 122, where the
antigen-binding fragment is a sckv fragment.

{0431} Ewmbodiment 124, The method of any one of embodiments 1 to 123, where
adminstration of the combination therapy results in enhanced therapeutic efficacy relative to
admimstration of the antibody or multimerized antigen-binding fragment, variant, or

10 denvative thereof or the cancer therapy alone.
{0432} Embodiment 125, The method of cmbodiment 124, where the enhanced therapeutic
etficacy comprises a reduced tumor growth rate, tumor regression, or increased survival.
{3433} Embodiment 126, The method of any one of embodiments 1 to 125, where the subject
is human.
15 [04347 Al ofthe references cited above, as well as all references cited herein, are incorporated
herein by reference in their entiretics.

{0435}  The following examples are offered by way of illustration and not by way of imitation.

Examples
[6436]  In the examples that follow, anti-DRS IgM Mab A and anti-DRS IgM Mab B were used.
20 Anti-DRS IgM Mab A and anti-DR3 IgM Mab B were constructed as desenibed in US Patent
Application Publication No. 2018-0009897. Anti-DR35 IgM Mab A comprises the VH and VL
amino acid SEQ ID NO: 90 and SEQ 1D NO: 6 and a J-chaio comprising SEQ ID NG: 98 as
provided in Table 2, and anti-DRS IgM Mab B comprises the VH and VL anuno acid SEQ ID
NO: 7 and SEQ ID NO: § as provided 1 Table 2 and no J-chain.

25 Example |: Jn vitro Chemotherapeutic Combinations

[6437F  The /n virro potency of anti-DRS IgM Mab A in combmation with chemotherapeutic
agents was evaluated on tumor cell lines and primary human hepatocyies as follows. Tumor
cells {as shown in Table 4) or primary human hepatocytes (BioIVT X008001) were seeded
and the next day cells were treated with serial dilutions of anti-DRS IgM Mab A and a

30 chemotherapeutic agent {as shown in Table 4} in combination. After 72 hours at 37°C, Cell
Titer Glo reagent (Promega) was added, and cell viability was read on a lununometer,
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[0438]  Synergy for cach tested cell hine and each combination of chemotherapeutic agent tested
with anti-DRS IgM Mab A was aggregated into tabular dataframe. This dataframe was ased
as taput to the statistical computing language R, wherein a sigmoidal dose response was fit to

cach single compound. Synergy, defined as the combinatorial cffect of two compounds being

w

greater than their additive effects alone, was also calculated in R. The reference model chosen
for synergy scoring was Bliss Independence (B1), expressed in terms effect £ on drugs 4 and
B

By + Ep-Faka = Fue
[0439]  BI assumes the effect of cach drug to act independently from one another. The choice

10 to use Bl 1s based on the separate and distinet mechamsms of action of each chemotherapeutic
agent when compared to anti-DRS IgM Mab A, Synergy scores from Bl are generated on a
continoum of dose combinations, with negative scores reflecting antagonism and positive
scores representing synergy. These scores are visualized 1o 3D surface plots with valleys of
antagonism and hills of synergy over the 2D dimension representing the continuum of dose

15 combinations. The average Bliss scores are shown in Table 4. The overall max Bliss score, the
Mab A and compound concentration at max Bliss, and the percent cytotoxicity of the
compound, Mab A, and the combination at max Bliss for exermplary cancer cell lines or healthy
hepatocyies treated with doxorabicin, pachtaxel, carboplatin, and oxaliplatin and with Mab A
are shown i Table 5. Exemplary 3D surface plots for doxorubicin, paclitaxel, carboplatin, and

20 oxaliplatin, arc shown m FIGS, 1A-1B, FIGS. 2A4-21, FIGS. 3A-3E, and FIGS, 4A-4H,

respectively.
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Table 4. Chemotherapeutic Combinations
Chemotherapeuntic Cell fine Tissue Cell type Average
agent Bliss score
carboplatin NCIH460 Lung Non-small cell 72
catboplatin HCTI13 Colorectal adenocarcinoma 5.6
carboplatin NCINGT Gastric Adenccarcinoma, tubular 4.5
carboplatin PANCI Pancreas Ductal Adenocarcinoma, 4.5
gxocringe
carboplatin UMUC3 Bladder Transitional Cell Carcinoma 2.3
carboplatin SKNU3 Gastric Adenocarcinoma 21
catboplatin NCIH2228 Lung Non-small cell ig
carboplatin HTI080 Connective Fibrosarcoma 1.7
{issue
carboplatin NUGC4 Gastric Adenocarcinoma 12
catboplatin BXPC3 Pancreas adenocarcingcroa 0.63
carboplatin HT35 Colorectal Carcinoma ~.39
carboplatin ASPCY Pancreas Ductal adenocarcinoma -0.63
catboplatin LOUNHS Lung Squamous ¢ell carcinoma -1
carboplatin NCIH 308 Colorectal Caccum Adenocarcinoma -3.4
carboplatin Hepatocytes Liver Primary homan bepatocytes -9
doxorubicin NCIH2228 Lung Non-small cell 16
doxorubicin LOUNHY1 Lung Squamous cell carcinoma 12
doxonbicin NCINg7 Gastric Adenocarcinoma, tubalar 12
doxorubicin SNU3 Gastric Adesncarcinoma 12
doxorubicin HCTIS Colorectal adenocarcinoma 16
doxorbicin NUGC4 Gastric Adenocarcinoma 8.9
doxorubicin UMUC3 Bladder Transitional Cell Carcinoma 8.8
doxombicin PANCI Pancreas Ducial Adenocarcinoma, 7.
£XOCTing
doxorubicin MV4ll Blood Acute mvelogenons leukemia 7.1
(Leukemia)
doxornbicin MOLMI3 Blood Acute myelogenous leukemia 52
{(Leuliemia)
doxorubicin NCIH460 Lung Non-small cell 4
doxonibicin HTSS Colorectal Carcinoma 1.6
doxornbicin BXPC3 Pancreas adenccarcinoma 1.5
doxorabicin HT680 Conpective Fibrosarcoma 1.3
fissue
doxorubicin NCIH308 Colorectal Caccum Adenocarcinoma 1.3
doxorabicin Hepatocytes Liver Primary human hepatocytes 0.94
doxorubicin ASPC1 Pancreas Ductal adenocarcinoma -0.63
ctoposide NCINGT Gastric Adenccarcinoma, tubular 7
ctoposide LOUNHO1 Lung Senamous cell carcinoma 16
etoposide HCTIS Colorectal adenocarcinoma 15
etoposide NCIH2228 Lung Non-small cell 14
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Chemotherapeutic Cell line Tissue Cell type Average
agent Bliss score
ctopaside PANCI Pancreas Ductal Adenocarcinoma, i0
CXOCHnE
ctoposide UMUC3 Bladder Transitional Cell Carcinoma 82
ctoposide ASPC1 Pancreas Ductal adenocarcinoma 52
ctopaside HT3S Colorectal Carcinoma 51
ctoposide HTI1080 Connective Fibrosarcoma 3.6
figsue
ctoposide NCIH460 Lung Non-small cell 3.6
etoposide SKNU3 Gastric Adenocarcinoma 36
ctoposide BXPC3 Pancreas adenocarcineroa 2.2
ctoposide NCIHS08 Colorectal Caecum Adenccarcinoma ~{.99
ctoposide NUGC4 Gastric Adenocarcinoma ~23
oxaliplatin PANCHE Pancreas Duoctal Adenocarcinoma, 2.9
2xocrine
oxaliplatin HCTIS Colorectal adenocarcinony 81
oxaliplatin NCING7 Gastric Adenocarcinoma, tubular 8.1
oxaliplatin SNUS Gastric Adenocarcinoma 5.8
oxaliplatin HT3S Colorectal Carcinoma 4.7
oxaliplatio UMULC3 Bladder Transitional Cell Carcinoma 4.1
oxaliplatin NCIH460 Lung Non-small cell 3.3
oxaliplatin NCIH2228 Lung Non-small cell 3.2
oxaliplatin Hepatocytes Liver Primaary homan hepatocytes 32
oxaliplatin LOUNHSI Lung Squamous cell carcinoma 1.5
oxaliplatin NUGC4 (astric Adenocarcinoma 0.88
oxaliplatin NCIH308 Colorectal Caecurn Adenocarcinoma 0.75
oxaliplatin BXPC3 Pancreas adenocarcinoma 0.58
oxaliplatio HT1080 Conpective Fibrosarcoma -1
tissue
oxaliplatin ASPCH Pancreas Ductal adenocarcinoma -1.5
paclitaxel NCIH2228 Lung Non-small cell 15
paclitaxel PANCIH Papcreas Ductal Adenocarcinoma, 15
2XOCTine
paclitaxel ASPCI Pancreas Ductal adenocarcinoma 14
paclitaxel NCINS7 Gastric Adenocarcinoma, tubular 13
paclitaxel LOUNH91 Lung Sgpamous cell carcinoma 9.7
paclitaxel NCIHS08 Colorecial Caecunt Adenccarcinoma 8.4
paclitaxel HCTIS Colorectal adenocarcinema 7.
paclitaxetl NUGC4 Gastric Adenocarcinoma 7
paclitaxel UMUC3 Bladder Transitional Cell Carcinoma 6.3
paclitaxel HTS3 Colorectal Carcinoma 6.2
paclitaxel Hepatocytes Liver Pdmary buman hepatocytes 53
paclitaxel NCHH460 Lung Non-small cell 4.7
paclitaxel BXPC3 Pancreas adenocarcinoma 38
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Chemotherapeutic Cell line Tissue Cell type Average
agent Bliss score
paclitaxel SwU3 Gastric Adepocacinoma 2.8
paclitaxel HT1080 Commective Fibrosarcoma 2.7
tissue

Table 5. Max Biiss Comparisons

A o % %%
Compound ?ﬁ;ﬁ{?‘ {(; fotos. of Cytotox. | Cytotox,
Combination | Avg. | Avg. % Max | Cene. at a% ’\'f‘ m (';:)m ma;mi of Mab of
Assay Bliss | Cytotox. | Bliss | Max Bliss e Ot Aat Combo
) Bliss at Max i
{uM) (ugfml) | Bliss Max at Max
s, s Bliss Bliss
Onaliplatin x
Mab A in 8.1 63.0 168 |33 0.0012 44.9 23.2 74.5
HCT-15
Onaliplatin x
Mab A in 3.2 15.4 9.98 § 0.018 0.0014 4.80 -0.514 14.29
Hepatocyies
Carboplatin x
Mab A in 1.8 38.1 12.4 (o 0.012 7.7 229 49.0
NCI-H2228
Carboplatin x
Mab A in 1.9 643 500§ 04 3.012 3,176 338 6.69
Hepatocyies
Paclitaxe] x
Mab A in 147 § 620 256 {06l 0.011¢ 52.0 173 859
NCL-H2228
Paclitaxel x
Mah A in 83 7.34 382§ 0.0037 1 -33.2 6.73 14.0
Hepatocytes
Doxorubicin
x Mab A in 7.1 58.4 274 {01l 0.037 30.3 318 936
My-41t
Doxorubicin
xMab A in 0.94 123 372 1 01111 33.1 4.87 73.65
Hepatocytes
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Example 2: I vivo Radiation Combination

84481  2x10° Colo203 tumor cells (colorectal cancer cells originally isclated from a colon
adenocarcinoma tumor) were implanted subcutaneously in the flanks of fomale NCr nude

mice. When mean tumor volume reached 100-150 mm’, mice were dosed with either vehicle

(v

1.v. every other day for a total of 7 doses, 5 mg/kg of anti-DRS IgM Mab A 1.v. every other
day for a total of 7 doses, 2 Gy/animal of targeted radiation for 3 days on followed by 2 davs
oft followed by 5 days on, or a combination of the anti-DRS5 IgM Mab A and radiation
treatment regimens. Tumor volume {n=10 animals/group) is shown m FIG. SA and overall
sarvival 1s shown in FI1G, 8B, On day 13 (the last day that all control animals were on stady?,
10 the combination therapy with anti-DRS IgM Mab A and targeted radiation significantly
reduced tumor volume compared to targeted radiation alone. The combined treatment did not

significantly extend overall survival compared to radiation alone.

Example 3: 7 vivo Oxaliplatin Combination

[B441]  2x10° Colo205 tumor cells were implanted subcutancously in the flanks of female NCr

i35 nude mice. When mean tumor volume reached 100-130 mot’, mice were dosed with either
vehicle 1.v. every other day for atotal of 7 doses, 5 mg/kg of anti-DRS 1gM Mab A 1v. every

other day for a total of 7 doses, 8 mg/kg of oxaliplatin . p. weekly for 3 weeks, or a combination

of the anti-DRS fgM Mab A and oxaliplatin treatment regimens.  Tumor volume {(n=10
anmimals/group) is shown in FIG, 3C and overall survival 15 shown in ¥F1G. 5D, On day 15

20 {the last day that all control animals were on study), the combination therapy with anti-DRS
igM Mab A and oxaliplatin significantly reduced tumor volume compared to oxaliplatin alone.

The combived treatment also significantly extended overall survival compared to oxaliplatin

alone.

Example 4: /n vivo Paclitaxel Combination

25 {0442}  2x10° Colo205 tumor cells were implanted subcutaneously in the flanks of female NCr
nude mice. When mean tumor volome reached 100-150 mm®, mice were dosed with cither
vehicle 1v. gvery other day for atotal of 7 doses, 5 mg/kg of anti-DRS IgM Mab A 1.v. every
other day for a total of 7 doses, 25 mg/kg of paclitaxel 1.v. every other day for a total of §
doses, or a combination of the anti-DRS IgM Mab A and paclitaxel treatment regimens.

30 Tumor volume (=10 animals/group) is shown in FIG. 5K and overall survival is shown in
FIG. SF. On day 15 (the last dav that all control animals were on study), the combination
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therapy with anti-DR35 IgM Mab A and paclitaxel did not sigmificantly reduce tumor volume
relative to the single agent paclitaxel treated group. The combined treatment also did not
significantly extend overall survival compared to paclitaxel alone. However, when the study

was terminated on day 100, 2 out of 10 arinals m the pacitaxe! treated group had no vistble

w

tumors, whereas 8 out of 10 amimals in the combination arm were tumor-free.

Example 5: fn vive Innotecan Combination

0443}  2x10° Colo205 tumor cells were implanted subcutaneously in the flanks of female NCr
nude mice. When mean tumor volume reached 100-150 mm’, mice were dosed with cither
vehicle 1.v. every other day for atotal of 7 doses, S mg/kg of anti-DRS IgM Mab A 1.v. every

10 other day for a total of 7 doses, 100 mg/ke of irinctecan ip. weekly for 3 weeks, or a
combination of the anti-DRS IgM Mab A and irinotecan treatment regimens. Tumor vohume
{n=10 animals/group) is shown in FI1G. 3G and overall survival s shown s FIG, SH. Onday
15 (the last day that all control amimals were on study}, the combination therapy with anti-
DRS IgM Mab A and irinotecan significantly reduced tumor volume compared to irinotecan
15 alone. The combined treatment also siganificantly extended overall survival compared to

innotecan alone.

Example 6: In vive ABT-199 Combination

[0444]  1x107 DOHH-2 tumor cells were implanted subcutanecusly in the flanks of female
{B.17 SCID mice. When mean tumor volume reached 100-150 mm®, mice were dosed with

20 cither vehicle 1.v. every other day for atotal of 11 doses, 5 mg/kg of anti-DRS IgM Mab A 1v.
every other day for a total of 11 doses, 100 mg/kg of ABT-199 (Venetoclax) p.o. daily for 21

days, or a combination of the anti-DRS IgM Mab A and ABT-199 treatment regimens. Tumor

volome (n=10 animals/group) is shown in FIG, 51 and overall survival is shown in FIG, 53

On day 16 (the last day that all control animals were on study), the combination therapy with

25 anti-DRS IgM Mab A and ABT-199 resulted in reduced tumor volume relative to any of the
treatments alone, although the difference between the combined treatment and ABT-199 alone

did not reach statistical significance. The combined treatment sigoificantly extended overall

survival compared to any of the treatments alone.
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Example 7: 7 vitro SMAC Mimetic Combinations

10445}  The in vitro potency of anti-DRS IgM Mab A i combination with SMAC miumetic
birmapant or GDC-0152 was cvaluated on MDA-MB-231 tumor cells and primary human

hepatocyvies as follows. Tumor cells or primary human hepatocytes (BiolVT X008001) were

5 seeded and the next day cells were treated with serial dilutions of anti-DRS IgM Mab A and a
pro-apoptotic agent / SMAC mimetic alone or in combination. After 72 hours at 37°C, Cell
Titer Glo reagent (Promega) was added, and cell viability was read on a limsinometer.
[6446]  Cell viability curves for single agent Mab A or SMAC mimetics are shown in FIGS. 6A
and 6B, respectively. Single agent Mab A shows partial cytotoxicity on MDA-MB-231 cells
10 and single agent birinapant or GDC-0152 show little to no cvtotoxicity. Cell viability curves
for combinations of Mab A and birmapant on MDA-MB-231 tumor cells or primary human
hepatocytes are shown i FEGS, 7TA and 7B, respectively. Cell viability corves for
combinations of Mab A and GD{C-0152 on MDA-MB-231 tumor cells or primary buman
hepatocytes are shown in FIGS. 8A and 8B, respectively. ¥Cse values for bumapant and GDC-
15 0152 are shown in Tables 6 and 7, respectively.
Table 6: {Cso Values for Birinapant
Birnoapant Concentration (uM) ICso
0 29
0.0012 0.9%8
0.0037 0.23
0.011 $.082
(.033 0.054
0.1 0.044
Table 7: 1Cs0 Values for GDC-0152
GBC-0152 Concentration (M) ICso
0 2.3
0.0016 0.42
0.08 (.20
0.4 013
2 0,081
10 0,065
04471  Synergy for each tested cell line and each combination of SMAC mimetic tested with
20 anti-DR35 IgM Mab A was aggregated into tabular dataframe. This dataframe was used as input

to the statistical computing language R, wherein a sigmoidal dose response was fit to cach

single compound. Synergy, defined as the combinatorial effect of two compounds being
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greater than their additive effects alone, was also caleulated in R, The reference model chosen
for synergy sconng was Bliss Independence (BI), expressed in terms effect £ on drugs 4 and
B

B+ Fp -Eakip = Eap
5 j0448]  BI assumes the effect of cach drug to act independently from one another. The choice

to use BY is based on the separate and distinct mechanisms of action of each chemotherapeuntic
agent when compared to anti-DRS IgM Mab A, Sypergy scores from Bl are gencrated on a
comtimuum of dose combinations, with negative scores reflecting antagonism and positive
scores representing synergy. These scores are visualized in 3D surface plots with valleys of
10 antagonism and hills of synergy over the 21 dimension representing the continuum of dose
combinations. 3D surface plots for birinapant and GDC-0152 on MDA-MB-231 cells are
shown i FIGS. 9A and 9B, respectively. The synergy scoring was also completed using the
Loewe model. Similar levels of synergy were found (data not shown}.
{0449 The Mab A and GDC-0152 or birmnapant combinations result i strong synergistic
15 cytotoxicity on MDA-MB-231 cells. These combinations do not result in substantial

cviotoxicity in primary human hepatocytes.

Example 8: /n virro SMAC Mimetic Combinations on DRS Agonist-Resistant Tumor Cells

[3450]  Acquired DRS agonist-resistant MDA-MB-231 cells were generated by culturing MDA~
MB-231 cells in the presence of 0.1 ug/mL of anti-DRS IgM Mab B to climinate sensitive

20 cells and enrich the DRS agonist-resistant ccll population. The in vitro potency of anti-DRS
igM Mab A m combination with SMAC numetic bininapant or GDC-0152 was evaluated on

the DRS agomst-resistant tumor cells according to the method described m Example 8. Cell

viability curves for single agent birmapant or GDC-0152 are shown in FIGS. 10A and 108,
respectively. Single agent birmapant or GDC-0152 show little to no cviotoxicity. Cell viability

25 curves for combmations of Mab A and binnapant or GDC-0152 are shown in FIGS, 114 and
118, respectively. ICso values for biriapant and GDC-0152 are shown in Tables 8 and 9,
respectively. Mab A and SMAC mimetic combination results in strong synergistic cviotoxicity

on MDA-MB-231 cclis with acquired resistance to a BRS agonist.

Table 8: ICs¢ Values for Birinapant

Birinapant Concentration (uMD ICso
O
0.0012 35
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0.0037 0.70
(0.011 (.23
0.033 $.086
0.1 G.081
Table 9: ICs0 Values for GDC-0152
GBC-0132 Concentration (M) ICso
0 ~45
0.0016 5.3
0.08 i1
0.4 0.70
2 024
10 0.13

Example 9 In vitro Chemotherapeutic Combinations

[0451]

The in vitro potency of anti-DR3 IgM Mab A in combination with BTK inhibitor

[0452]

[0453]

ibrutinib, with PI3KS mnhibitor idelalisth, with Mcl-1 inhibitor MIK6635, or with vincnistine
was cvaluated on tumor coll lines and primary human hepatocytes as follows. Tumor cells or
primary human hepatocytes (BioIlVT X008001) were seeded and the next day cells were
treated with senal dilutions of anti-DR35 IeM Mab A and a chemotherapeutic / targeted agent
alone or in combination. After 72 hours at 37°C, Cell Titer Glo reagent (Promega) was added,
and cell viability was read on a luminometer.

Synergy for sach tested cell hine and cach combination of chemotherapeutic / targeted
agent tested with anti-DRS IgM Mab A was aggregated into tabular dataframe. This dataframe
was used as input to the statistical computing language R, wherein a sigmoidal dose response
was fit to cach single compound. Synergy, defined as the combmatorial effect of two
compounds being greater than thewr additive effects alone, was also calculated in R, The
reference model chosen for synergy scoring was Bliss Independence (BI), expressed in terms
cffect £ ondrugs 4 and B

Foy + B -Falp = Fas

BY assumes the effect of cach drug to act independently from one another. The choice
to use Bl is based on the separate and distinet mechamsms of action of each chemotherapeutic
agent when compared to anti-DRS IgM Mab A, Synergy scores from Bl are generated on a
continoum of dose combinations, with negative scores reflecting antagonism, and positive
scores representing svoergy. These scores are visualized in 3D surface plots with vallevs of

antagonism and hills of synergy over the 2D dimension representing the continuum of dose
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combinations. The synergy scoring was also completed using the Loewe model. Similar levels
of synergy were found (data not shown}.
[B4584]  Cell viabality curves for single agent Mab A or ibrutinib on U-937 cells are shown in
FIGS. 124 and 128, respectively. Single agent Mab A shows parial cytotoxicity on U-937
5 cells and single agent ibrutimb shows little to no eviotoxiaty. Cell viability curves for
combinations of Mab A and tbrutinib on U-937 tumor cells are shown i FIG. 120, Syoergy
score 3D surface plots for Mab A and ibrutinib on U-937 cells are shown in FIG. 12D, The
Mab A and tbrutimzb combination resalts in weak svnergistic eytotoxicity on U-937 cells.
[6485]  Cell viability curves for single agent Mab A or ibrutinib on OCI-LY7 cells are shown in
10 FIGS. 13A and 138, respectively. Single agent Mab A shows partial cytotoxicity on OCH-
LY7 colis and single agent ibrutuub shows cytotoxicity only at the highest concentrations
tested. Cell viability curves for combinations of Mab A and ibrutinib on OCI-LY 7 tumor cells
are shown in FEG. 13C, Synergy score 3D surface plots for Mab A and ibrotinib on OCL-LY7
cells are shown in FIG. 138 The Mab A and ibratinib combination resulis in neither
15 synergistic nor antagonistic cvtotoxicity on OCE-LY7 cells.
[8456]  Cell viability curves for single agent Mab A or idelalisib on DOHH-2 cells are shown
in FIGH, 14A and 14B, respectively. Single agent Mab A shows complete cytotoxicity on
DOHH-2 cells and single agent wdelalisib shows cvtotoxicity only at the highest concentrations
tested. Cell viability curves for combinations of Mab A and idelalisib on DOHH-2 tumor cells
20 are shown in FIG. 14, Synergy score 3D surface plots for Mab A and idelalisib on DOHH-
2 cells arc shown m FIG, 14D The Mab A and idelalisib combmation results in neither
synergistic nor antagomstic cviotoxicity on DOHH-Z cells.
(6487} Cell viability curves for single agent Mab A or MIK665 on WSU-DLCL2 cells are
shown in FIGS. 154 asd 158, respectively. Single agent Mab A shows partial cytotoxicity
25 on WSU-DLCLZ cells and single agent MIK665 shows complete cytotoxicity. Cell viability
curves for combinations of Mab A and MIK665 on WSU-DLCL2 tamor cells are shown n
FIG. 18C. Synergy score 3D surface plots for Mab A and MIK663 on WSU-DLCL2 cells are
shown m FIG. 15D, The Mab A and MIK665 combination results in synergistic cytotoxicity
on WSU-DLCLZ cells.
30 [0488]  Cell viability curves for single agent Mab A or MIK66S on U-937 cells are shown in
FIGS. 16A and 168, respectively. Single agent Mab A shows partial cytotoxicity on U-837
cells and single agent MIKG665 shows complete cytotoxicity. Cell viabihity curves for

combinations of Mab A and MIK665 on U-937 tumor cells are shown in FIG. 16C. Synergy
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score 3D surface plots for Mab A and MIK665 on U-937 cells are shown in FIG. 16D, The
Mab A and MIK6635 combination results in weak synergistic eyiotoxicity on U-937 cells.
[64539]  Cell viability curves for single agent Mab A or vincristine on U-937 cells are shown in
FIGS. 17A and 178, respectively. Single agent Mab A shows partial cytotoxicity on U-937
5 cells and single agent vinenistine shows strong cvtotoxicity. Cell wviability curves for
combinations of Mab A and vincristing on U-937 tumor cells are shown in FIG, 17C. Synergy
score 3D surface plots for Mab A and vincristine on U-937 cells are shown in FIG. 17D, The
Mab A and vincristine combmation results in weak synergistic cviotoxicity on U-937 cells.
{0468  Synergy scores for combinations of Mab A and a chemotherapeutic / targeted agent on

10 non-Hodgkin's lymphoma {(NHL} tumor cell lines are shown in Table 10.

Table 10: Combinations with chemotherapeutic and targeted agents in NHL

Chemotherapeatic / Targeted agent Cell tine Average Bliss score
brutinib DOHH-2 -0.22
ibrutinib OCI-LY7 23
brutinib Toledo -0.60
brutindd U-937 6.2
ibristinib WSU-DLCL2 -3.2
idelalisib DOHH-2 -0.89
idelalisib Karpas-422 -3.2
idelalisib OCL-LY7 -18
idelalisib Toledo -1.6
idelalisib U-937 2.7
idelalisib WSU-DLCLZ ~T4
MIK665 DOHH-2 3.1
MIK663 Karpas-422 37
MIK66S OCI-LY7 3.5
MIK665 Toledo 6.7
MIK665 U-937 48
MIK665 WSU-DLCL2 16

vincristine DOHH-2 -3.7
vincristine Karpas-422 -12
vincristine OCI-LY7 -1.0
vincristine Toledo 30
vincristine U-937 52
vincristine WSU-DLCL2 -0.73

15 461} Cell viability carves for combinations of anti-DRS IgM Mab A with ibnutimb, idelalisib,
MIK665, or vincristine on primary human hepatocytes are shown in FIGS, 184, 188, 18C
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and 18D, respectively. Combinations of Mab A with ibrutinib, idelalisib, and vinenistine do
not result in substantial cytotoxicity in primary human hepatocytes. Single agent MIK663
causes cytotoxicity in primary human hepatooytes, but this is not substantially enhanced i

combination with Mab A,

Example 10: n vitro Birinapant Combination

[6462]  The in vitro potency of anti-DR3S IgM Mab A i combination with burinapant was

evaluated on varicus tumor cell lines as follows. Tumor cells or primary uman hepatocytes
{BiolVT X008001) were seeded and the next day cells were treated with serial dilutions of
anti-DRS TgM Mab A and binnapant alone or in combination. After 72 hours at 37°C, Cell
Titer Glo reagent (Promega} was added, and cell viability was read on a luminometer. Cell
viability curves for combinations of anti-DRS lgM Mab A with birinapant on A2058, BT-20,
DV-90, ES-2, HCCIS, HCT 116, HY 1080, KYSE 410, MEWO, OVCAR-5, SK-LU-1, 8K~
MEL-S, SNU-1, SW780, SW1353, and T24 are shown in FIGS. 194, 13C, 19K, 139G, 191,
19K, 190, 1903, 194}, 195, 10U, 19W, 19Y, 1944, 19AC, and 19AE, respectively. Synergy
was determined as described in earlier examples. Synergy score 3D surface plots for AZ058,
BT-20, DV-90, £S-2, HCCI5, HCT 116, HT 1080, KYSE 410, MEWO, OVCAR-3, SK-LU-
I, SK-MEL-5, SNU-1, SW780, SW1353, and T24 cells are shown in FIGS. 19B, 19D, 19F,
19H, 194, 191, ISN, 19P, 19R, 19T, 19V, 19X, 192, 19AB, 19AD, and 19AF, respectively.
The Average Bliss synergy scores for combinations of Mab A and birinapant on the various
tumor cell lines, as well as the 1Cso values determined at various concentrations of birinapant

are shown in Tables 11-13.

Table 11: Average Bliss Score and ICso Values for Birnapant

Avg ICs0 at Binnapast Concentration (pM)
Cell Line §| Tumor Type Bliss
scote ¢ 1001234 0.037 01111 0.3333 1.0000
AZ038 Melanoma 49 20 | 0036 | 0.035 0.27 0.034 0.035
HT 1080 | Fibrosarcoma 45 0671 020 0.12 6.072 §.063 0.061
KYSE 410§ Esophageal 42 13 1.6 13 0.89 0.72 0.71
HCC1S Lung 41 4.6 1.4 13 0.93 0.75 0.52
SKU-1 Gastric 39 034§ 0056 § 0.024 .08 0.012 0.017
124 Bladder 38 1.7 .96 0.71 0.54 .48 .35
HCT 116 Colorectal 36 065§ 00338 | 0.043 0.039 §.052 0.041
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SW780 Bladder 35 036§ 0.060 | 0.047 6.046 0.036 0.037
MEWO Melanoma 26 0891 041 NA 0.18 NA NA
ES-2 Ovarian 19 26 14 46 2.0 1.6 19
SW1353 {Chondrosarcomal 18 133 4.3 NA 0.96 .96 0.65
OVCAR-S Ovarian 17 1.0 | 051 0.66 0.52 0.49 0.45
BT-20 TNBC 4 24 50 51 4.5 4.8 5.9

Table 12: Average Bliss Score and 1Cs0 Values for Birinapant

Avg iCse at Birinapant Concentration (uM)
Cell Line | Tumwor Type Biiss
score 0 10.060004] 0.0001 (0.0003 0.0001 0.003
DV-90 Lung 9 0551 048 0.38 0.20 06.057 NA

Table 13: Average Bliss Score and [Cso Values for Birmapant

i} Avg 1Cs at Birinapant Concerndration (pM)
Cell Line | Tumor Type Bliss
score ¢ 100004 | 00011 04.0033 0.01 0.03
SK-MEL-3] Melagoma 15 i1 ¢.91 0.77 0.57 0.34 0.34
SK-LU-1 Lung 25 4.0 26 £5 0.56 0.14 0.062

Example 11: fn vivo Birmapant Combination
MDA-MB-231-iriple-negative breasi cancer {(TNBC) model

[0463]  5x10° MIDA-MB-231 tumor cells were implanted subcutaneously in the flanks of female
NCr nu/ng mice. When mean tumor volume reached 100-150 mm’, mice were dosed with
cither vehicle 1.v. every other day for a total of 11 doses, 5 mg/kg of anti-DRS IsM Mab A 1.v.
cvery other day for 11 doses, 2.5 mg/kg of birmapant 1.p. every 3 days for 7 doses, 5 mg/kg of
anti-DRS IgG Mab B i.v. weekly for 3 doses, a combination of the anti-DRS IgM Mab A and
birinapant treatment regimens, or a combination of the anti-DRS IgG Mab B and birinapant
treatment regimens (=10 amimals/group). Tumor volumes over time through day 26 are
shown in FIG. 204 Twnuor volumes through day 54 are shown mn FIG, 208 and overall
survival is shown in FIG. 20C. On day 22 (the last day that all control animals were on study),
the combination therapy with anti-DRS IgM Mab A and birinapant significantly reduced tumor
volume compared to birinapant alone. The combination of anti-DR35 IgG Mab B with
birinapant also significantly reduced tumor volume compared to binnapant alone, although

the tumor growth inhibition was much less than with anti-DRS IgM Mab A. Anti-DRS IgM
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Mab A and binnapant combination also significantly extended overall survival compared to
birtnapant alone. All animals in the anti-DRS IgM Mab A and birinapant combined treatment
group achieved at least a partial response and 4/10 animals were tumor free at 100 days.

EBC-1- nov-small cell lung cancer (NSCLC) model

[0d464]  3x10° EBC-1 tumor cells were implanted subcutancously in the flanks of female
BALB/c nude mice. When mean tumor vohume reached 100-200 mm?®, mice were dosed with
cither vehicle 1.v. every other day for atotal of 11 doses, 5 mg/kg of anti-DRS IgM Mab A 1v.
every other day for {1 doses, 30 mg/kg of birinapant i.p. every 3 days for 7 doses, or a
combination of the anti-DRS IgM Mab A and birinapant treatment regimens (n=10
animals/group). Dosing holidays were given if an mdividual animal body weight loss
exceeded 15% and dosing was resumed when body weight loss recovered {o less than 10%,

{0468}  Tumor volumes over time are shown in FIG. 21A. Although 3 mice in the birinapant
group and 6 mice in the combined treatment group missed doses due to body weight loss, the
combination therapy with anti-DRS Igh Mab A and birmapant significantly reduced tumor
volume compared to anti-DRS IgM Mab A alone and 9/10 mice were tumor-free as of study
day 31.

HT-1080- fibrosarcoma mode!

[0466]  1x107 HT-1050 tumor cells were implanted subcutaneously in the flanks of female NCr
mu/na mice. When mean tamor volame reached 100-150 mum®, mice were dosed with either
vehicle 1.v. every other day for a total of 11 doses, 5 mg/kg of anti-DRS g Mab A v, every
other day for 11 doses, 30 mg/ke of binnapant 1.p. every 3 days for 2 doses followed by 15
mg/kg of birinapant 1.p. every 3 days for 5 doses, or a combination of the anti-DRS IgM Mab
A and birinapant treatment regimens (=10 animals/group).

{0467}  Tumor volumes over time are shown in FYG. 21B. The combination therapy with anti-
DRS IgM Mab A and binmapant significantly reduced tumor volume compared to either single
agent alone, and all mice in the combination treatment group were tumor-free as of study day
27.

HCT 116- colorectal cancer model!

[0468]  5x10°HCT 116 tumor celis were implanted subcutaneously in the flanks of female nu/ny
mice. When mean tumor volume reached 75-150 nun’, mice were dosed with either vehicle

1.v. gvery other day for a total of 11 daoses, S mg/ke of anti-DRS5 IgM Mab A 1.v. overy other

-119-



WO 2021/231639 PCT/US2021/032078

day for 11 doses, 15 mg/ksg of birinapant L.p. every 3 davs for 7 doses, or a combination of the
anti-DRS IgM Mab A and birinapant treatiment regimens (n=10 animals/group).
{0469}  Tumor volumes over time are shown in FIG. 21C. The combination therapy with anti-
DRS 1gM Mab A and birivapant partially reduced turnor volume, though this did vot reach
5 statistical significance on study day 19.

SA43840- osteosarcoma PDX model

{0476}  SA3840 tumor fragmoents 2-3 oun in diameter were tmplanted subcutancously i the
flanks of female NODVSCID mice. When mean tumor volame reached 100-200 mm’, mice
were dosed with either vehicle 1v. every other day for a total of 11 doses, 5 mg/ke of anti-

10 DRS 1gM Mab A 1v. every other day for 11 doses, 30 mg/kg of birinapant 1.p. every 3 days
for 7 doses, or a combination of the anti-DRS IgM Mab A and birinapant treatment regimens
{n=3 animals/group). Dosing holidays were given if an individual animal body weight loss
execeded 15% and dosing was resumed when body weight loss recovered to less than 10%,.
{0471}  Tumor volumes over time are shown 1o FIG. 21D, Altbough 1 amumal in each the
15 birinapant group and the combined treatment group missed doses due to body weight loss, the
combination therapy with anti-DRS IgM Mab A and birinapant significantly reduced tumor
volume compared to the vehicle control group.
OVI5631 and OVI3841 Ovarian PDX models
34721  OV15631 and OVIS841 tumor fragments 2-3 mm in diameter were implanted
20 subcutancously in the flanks of female NOD/SCID mice. When mean tumor volome reached
100-200 mm’, mice were dosed with either vehicle 1. v. every other day for a total of 11 doses,
5 mg/kg of anti-DRS IgM Mab A 1.v. every other day for 1 doses, 30 mg/kg of birinapant 1.p.
every 3 days for 7 doses, or a combination of the anti-DR3S IgM Mab A and birnapant
treatroent regimens (0=3 anumals/group). No synergy was scen for the combination in these

25 models.

Example 12: fn vitro Birmapant Combination for Head and Neck Cancers
{30473}  The in vitre potency of anti-DR3 IgM Mab A in combination with birinapant was
evaluated on various head and neck tumor cell lines as follows. Tumor cells were sceded and
the next day cells were treated with senal dilutions of amti-DRS IgM Mab A and birmapant
30 alone or in combination. Afier 72 hours at 37°C, Cell Titer Glo reagent (Promega) was added,

and cell viability was read on a2 himimometer. Exemplary cell viability curves for combinations
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of anti-DR35 IgM Mab A with binnapant on Detroit 562 and KYSE270 are shown i FIGS.
22A and 22C, respectively. Synergy was determined as described in carlier examples.
Svnergy score 3D surface plots for Detroit 562 and KYSEZ70 cells are shown in FIGS, 22B
and 228, respectively. The Average Bliss synergy scores for combinations of Mab A and

birinapant on the various head and neck tumor cell hines are shown m Table 14

Table 14: Combinations with birtnapant in head and neck cancer cell lines

Cell Hne Average Bliss score
Detroit 562 36
KYSE410 35
TE-1 24
8305C 27
A253 26
KYSE-70 25
OE19 17
FaDu i6
KYSE270 15
8505C ig
KYSE1S0 0.2

Example 13: In vitre SMAC Mimetic Combination

[6474]  The in vitro potency of anti-DRS IgM Mab A in combuination with various SMAC

mimetics was evaluated on various tumor cell lines as follows. Tamor cells or primary human
hepatocytes {BiofVT X008001) were seeded and the next day cells were treated with serial
dilutions of anti-DRS IgM Mab A and SMAC mimetic alone or in contbination. After 72 hours
at 37°C, Cell Titer Glo reagent (Promega) was added, and cell viability was read on a
fuminometer. Exemplary cell viability curves for combinations of anti-DRS IgM Mab A with
APG-1387, birinapant, ASTX660, and Debio1143 on EBC-1 cells are shown in FIGS. 23A-
23D, respectively. Synergy was determined as descubed in carlier cxamples. The average
Bliss synergy scores for combinations of Mab A and SMAC mimetic on the varnious tumor
cell lines are shown in Table 15. Un average, bivalent SMAC mimeties birimapant and APG-
1387 have higher average Bliss scores than monovalent SMAC mimetics Debio 1143 and
ASTX660.

Table 13: Average Bliss scores for combinations with SMAC mimetics 1o solid tumor cell lines

Cell line | Birimapant | APG-1387 | Debio 1143 |  ASTX66H |
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EBC-1 39 47 23 17
HCT 116 31 34 19 29
HT 1080 30 38 12 20

OVCAR-4 14 10 3 9
SK-MEL-5 14 7 4 i1
SW1353 0.6 -3 -1 -2

Example 14 frn vivo Bevacizumab Combivation

[8475]  2x10° Colo203 tamor cells were implantad subcutaneously in the flanks of female NCr
nude mice. When mean tumor volume reached 100-150 mm’, mice were dosed with either
vehicle 1.v. every other day for atotal of 7 doses, 5 mg/ke of anti-DRS IgM Mab A 1.v. every
other day for a total of 7 doses, 5 mg/kg of bevacizamab 1.p. biweekly for 5 weeks, or a
combination of the anti-DRS5 Ight Mab A and bevacizumab treatment regimens.  Tumor
volume {p=10 animals/group) is shown in FIG. 24A and overall survival is shown in FiG.
24B. On day 19 {the last day that all control antmals were on study), the combination therapy
with anti~DR35 IgM Mab A and bevacizumab signmificantly reduced tumor volume cormpared
to bevaciziumab alone. The combined treatment also significantly extended overall survival

compared to cither single agent alone.

Table 16: Other Sequences in the Disclosure

SEQ Nickname (s0
in
¥ LVSCENSPSEY AN GCLAQDET ITESWKY
'RGFPSVLRGGKYAATSQVILLP SKDVMQGTDEHVVCKVQHEN
QNKEKN"E’L"VIPETPD VEV ??RDGE‘E‘GNPRI v‘\"L L”ATG SP
E TLKESD
‘E‘AQ"'F‘
JHP\' AT
Human IgM Con ':fa:‘-
VEVOWMORGOPLSPEK
SETYTCVVAHEALPNR
97
92 FSWKYENN
2GEES /LRUG( \/;JLQSK )\/ Qtv IDEHVYVCEVQHEN
N”PLD"V'IAE EDI/\':‘VF /[PPRDGFFGNPRKSKLICOATGESP
\;QWLRLU SQVGSGVTT DO‘/U‘J\“AP’E‘F TYRVISTLTIKESD
RVDHRGLTEQ FVF’TPE’QFD\.SIF
VTDLITTYDRS
Human IgM Constan SDWNSCG
region IMGT all ele LN RESKT
{GenBank: 12 AJQLA_T \/uumEW
L':r.NV*“L"’V[oDTAGTC
93 CSTQ?DC‘J‘“«LAL LVOGEFFEFQEPLSVIWSESGLG
GDLYT TLPATQCLAGKSVTCHVKHYTNPS
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SEQ
ID

TVECEY GS
EAN_TC T LTlsg‘ P SGKSAVQGPPERDLCGCY SVS SV
uPG\,*LP'ﬂNI . PLTATLS’ S1e) 'T”RP”"”LL"P

Dr\LJ" GKET *"V\I"'b"v"\/’l‘/LZ\,EVDGTCY

{ DSTEG VVVAC TV
\:’T/’-\PT\'-—'PE’"\QD] SGDLYTTSSQ :
ODVTVPCRVPPEPPPCCHERLS LHRE‘ALEDLL G EAN L’"C_' T(‘ LRD
HL.man IgAZ2 hesvy ASGATETWTES :
FTCTAAHPEL
TCLARGEFSPKE ¥
STLRVAAEDWKKGETFSCMV:
VVMAEADGTCY

ALNELVTL
PTYAVT
PTHINVS

94

ML L B

VANV LCRQSSGENCDVV
e} FS VVITGLRKEDAGRYLCGAHS

\A}awﬁt FWESC.TI PRSPTV JV”/}A "ZQS‘\/AVL “BYNRK

VNCDENSRLVSLTLN
RK.K’G“RD\’QJLL@D&A“D I

ADTRDOADGSRASVDIGSSEER \/b( ‘JQTJ’:»"”EL:L‘VLP\ GAVAV
GVARARHRKNVDR / RTDIS RE
Precursor Human ETSLGGKE I EEAEMAY VDP
95 Secretory Compoenent VAAEAQDGPOEA
96 Precursor Human J MENHLLFWGVLAVELKAVIVKAQEDERIVLVDNKCKCARITSRIIRS
Chalin SEDENEDIVERNIRIIVPLNNRENISDPTSPLRTREVYHLSDLCKKC
DPTEVELDNQIVTATOSNICDEDSATETCYTYDRNRKCYTAVVELVYG
GETKMVETALTRPDACYRD
97 Mature Human J Chain | QED pIVL\/'D\'VL, CARITS RII.<S E’“"EDI"ER?\IIRI IVPLNNR
EN SPLRTRFVYHLSY VELDNG
DS CYTYDRNEKCYTAVVPLVYG :LJ‘?KM‘IP TA '-
98 Q ’_’\/L\JJ’QK(“K\,A,L 1’[’S}<J f"%‘kPPJ\‘SI*IVF‘RN RI -\/PLNNR

b} ICDE

LT Peptide 11nkcr
"10Y Peptide

i "15" Peptide

102 "20" Peptide

103 25" Peptide
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WHAT IS CLAIMEDR IS

L. A method for mhibuing, delaying

&

or reducing malignant cell growth in a
subject with cancer in need of treatment, comprising administering to the subject a combination
therapy comprising:

(a) an effective amount of a pentameric or hexameric IgM or IghM-like antibody or
a duueric IgA or lgA-like antibody, or a multimenzed antigen-binding fragment, variant, or
derivative thereof that specifically and agonistically binds to DRS, wherem three to twelve of
the antigen binding domains of the IgM or [gM-like antibody or multimerized antigen-binding
fragment, vaniant, or derivative thereof or three or four of the antigen binding domains of the
IgA or IgA-like antibody or multimerized antigen-binding fragment, variant, or denvative
thereof are DRS-specific and agonistie; and

{by  aneffective amount of a cancer therapy. wherein the cancer therapy conprises
a second mitochondna~-derived activator of caspases (SMAC) mimetic, radiation, a folic acid
analog, a platinom-based agent, a taxane, a topoisomerase I inhibitor, a vinca alkaloid, a
Bruton’s tyrosine kinase {BTK) inhibitor, a phosphoinositide 3-kinase delta (PI3K3) inhibitor,
a myeloid cell leukemia-i (Mcl-1} inhibitor, an anti-VEGF antibody. or any combination

thereof.

2. The method of clamm |, wherein the cancer therapy comprises a SMAC mumetic,

and wherein the SMAC mumetic comprises a bivalent SMAC mimetic.

3. The method of claim 2, wherein the SMAC mimetic comprises birinapant.
4. The method of claim 1, wherein the cancer therapy comprises leucovorin,

oxaliplatin, carboplatin, paclitaxel, an anthracycline, ctoposide, vincrstime, ibrutinub,
wlelalisib, MIK665, bevacizumab, birinapant, GDC-0152, HGS-1029/AEG40826, Debiol 143,
APG-1387, ASTX660, or any combination thereot.

5, The method of claim 1, further comprising administering an cffective amount
of an additional cancer therapy.

6. The method of claim 5, wherein the additional cancer therapy comprises a
topoisomerase | inhibitor, a mucleoside analog, a platinum-based agent, or any combination
thereof.

7. The method of claim 6, wherein the additional cancer therapy comprises
irinotecan, topotecan, flusrouracil (5-FU3, gemeitabine, or any combination thercof,

8. ‘The method of claim 1, wherein the cancer is a hematologic cancer.
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9. The method of claim 8, wherein the hematologic cancer is leukemia, lymphoma,
myeloma, any metastases thereof, or any combination thereof.

10, The method of claim &, wherein the hematologic cancer is acute myeloud
leukenua (AML), chronic myeloid leukemia (CML), acute lymaphocvtic leukenia ¢ ALL), small
Ivmphocyvtic ymphoma (SLL), chronie lymphocytic leukemia, hairy cell leukemia, Hodgkin
lymphoma, non-Hodgkin lymphoma, multiple myeloma, any metastases thereof, or any

combination thereof.

Il The method of claim 1, wherein the cancer 1s a solid tumor,
12. The method of claim 11, wherein the cancer s bladder cancer, colorectal cancer,

sarcoma, gastric cancer, fung cancer, pancreatic cancer, head and neck cancer, melanoma,
ovatian cancer, ot breast cancer.

13. The method of claim 12, wherein the cancer is fibrosarcoma, chondrosarcoma,
osteosarcoma, non-small cell lung cancer (NSCLC), head and neck sarcoma, or triple negative
breast cancer {TNBC).

14. The method of claim 1, wherein the three or four antigen-binding domains or
the three to twelve antigen-binding domains of the antibody or multimerized antigen-binding
fragment, variant, or derivative thercof comprise a heavy chain variable region (VH) and a light
chain vadable region {VL), wherein the VH and VL comprise:

{a) six immunoglobulin  complementarity determining  regions HUDRI,
HCDR2, HCDR3, LCDRI, LCDR2, and LUDR3, wherein the HCDRI1, HCDR2, HCDR3,
LCBRE, LCDRZ, and LCDR3 comprise the CDRs of an antibody comprising the VH and VL
amma acid sequences SEQ ID NO: | and SEQ D NO: 2, SEQ 1D NO: 3 and SEG 1D NO: 4,
SEQ 1D NO: 5 or SEQ ID NO: 90 and SEQ ID NO: 6; SEQ ID NO: 7 and SEQ ID NO: 8; SECQ
I NG: 9 and SEQ IDNG: 10; SEQ IDNO: 11 and SEQ IDNO: 12, SEQ ID NO: 13 and SEQ
D NG: 14; SEQ ID NG: 15 and SEQ 1D NO: 16; SEQ ID NO: 17 and SEQ 1D NO: 18; SEQ
1D NO: 19 and SEQ ID NO: 20; SEQ ID NG: 21 and SEQ ID NO: 22; SEQ ID NO: 23 and
SEQ ID NO: 24; SEQ 1D NO: 25 and SEQ 1D NG: 26; SEQ 1D NG: 27 and SEG 1D NO: 28,
SEQ 1D NG: 29 and SEQ ID NG: 30; SEQ 1D NO: 31 and SEQ ID NO: 32; SEQ 1D NG: 33
and SEQ ID NO: 34; SEQ 1D NO: 35 and SEQ ID NO: 36; SEQ 1D NO: 37 and SEQ ID NG:
38; SEQ 1D NO: 39 and SEQ ID NG: 40; SEQ ID NG: 41 and SEQ ID NO: 42; SEQ ID NO:
43 and SEQ ID NG: 44; SEQ ID NQO: 45 and SEQ ID NQG: 46; SEQ 1D NG 47 and SEQ 1D
NG: 48; SEQ 1D NO: 49 and SEQ 1D NO: 30; SEQ 1D NO: 51 and SEQ ID NG: 52; SEQ ID

NO: 53 and SEQ 1D NO: 54; SEQ ID NO: 535 and SEQ 1D NO: 56; SEQ 1D NO: 82 and SEQ
-12
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T NG: 83; SEQ 1D NO: 84 and SEQ 1D NO: 85, SEQ ID NG 86 and SEQ ID NO: 87; or
SEQ 1D NO: 88 and SEQ ID NO: 89; respectively, or the SckFv sequence SEQ ID NG 37, SEQ
1D NO: 58, SEQ ID NO: 59, SEG ID NG: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO:
63, SEQ ID NO: 64, SEQ 1D NOG: 65, SEQ ID NO: 66, SEG 1D NGO: 67, SEQ 1D NG: 68, SEQ
1D NG: 69, SEQ ID NG: 70, SEQ ID NG: 71, SEQ ID NG: 72, or SEQ ID NGO: 73, or the six
CDRs with one or two amino acid substitutions in one or more of the CDRs; and/or

{b) amino acid sequences at least 90% wdentical to SEQ ID NG: 1 and SEQ ID
NG: 2, SEQ ID NO: 3 and SEQ ID NG 4; SEQ ID NG: § or SEQ ID NG: 90 and SEQ ID NG:
6; SEQ ID NO: 7 and SEQ ID NG 8, SEQ 1D NO: 9 and SEQ 1D NGO 10; SEQ ID NO: 11
and SEQ 1D NO: 12; SEQ 1D NO: 13 and SEQ 1D NGO 14; SEQ ID NO: 15 and SEQ 1D NO:
16; SEQ ID NG 17 and SEQ ID NO: 18, SEQ ID NG 19 and SEQ 1D NO: 20; SEQ ID NO:
21 and SEQ 1D NO: 22; SEQ ID NO: 23 and SEQ 1D NO: 24; SEQ ID NO: 25 and SEQ ID
NG 26; SEQ 1D NO: 27 and SEQ 1D NG 28; SEQ ID NO: 29 and SEQ ID NG: 30, SEQ ID
NG 31 and SEQ 1D NG: 32; SEQ 1D NO: 33 and SEQ 1D NOG: 34; SEQ 1D NO: 35 and SEQ
1D NOQ: 36; SEQ ID NO: 37 and SEQ 1 NO: 38; SEQ 1D NO: 39 and SEQ 1D NO: 40; SEQ
D NO: 41 and SEQ 1D NO: 42; SEQ 1D NO: 43 and SEQ ID NO: 44; SEQ 1D NO: 45 and
SEG ID NG: 46; SEQ ID NO: 47 and SEQ ID NO: 48; SEQ ID NO: 49 and SEQ 1D NO: 50;
SEG ID NO: 51 and SEQ ID NG 52; SEQ ID NG: 53 and SEQ 1D NG: 54; SEQ ID NO: 55
and SEQ ID NG: $6; SEQ ID NO: 82 and SEQ ID NG 83; SEQ 1D NQ: 84 and SEQ 1D NO:
85, SEQ ID NG: 86 and SEQ ID NO: 87; or SEQ ID NO: 88 and SEQ ID NG: 89; respectively,
or wheremn the VH and VL are contained in an ScFv with an amino acid sequence at least 90%
identical to SEQ [ NO: 57, SEQ 1D NO: 38, SEGQ 1D NO: 59, SEQ 1D NO: 60, SEQ ID NO:
61, SEQ ID NQ: 62, SEQ ID NQO: 63, SEQ ID NO: 64, SEQ 1D NG: 65, SEQ D NO: 66, SEQ
I NG: 67, SEQ ID NO: 68, SEG ID NG: 69, SEQ ID NO: 70, SEG ID NO: 71, SEQ ID NO:
72, or SEQ 1D NG: 73, respectively.

15, The method of clavm 14, wheremn the three or four antigen-binding domains or
the three to twelve antigen-binding domains of the antibody or multimerized antigen-binding
fragment, variant, or derivative thereof comprise a heavy chain variable region (VH) and a light
chain variable region (VL), wherein the VH and VL comprise:

{a) six immunoglobulin  complementarity  determining  regions HCDRI,
HCDR2, HCDR3, LCDRI, LCDR2, and LCDR3S, wherein the HCDRI, HUDR2, HCDR3,
LCDRI, LCDR2, and LCDR3 comprise the CDRs of an antibody comprising the VH and VL
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ammo acid sequences SEQ D NG: 5 or SEQ ID NO: 90 and SEQ 1D NQ: 6; or SEQ ID NG:
7 and SEQ ID NO: 8, respectively; and/or

{b) amino acid sequences at feast 90% wdentical to SEQ 13 NGO: § or SEQ 1D
NG 90 and SEQ ID NO: 6; or SEQ D NO: 7 and SEQ 1D NO: 8, respectively.

16. The method of claim 15, wherein the three or four antigen-binding domains or
the three to twelve antigen-binding domains of the antibody or multimerized antigen-binding
fragment, variant, or derivative thereof comprise a heavy chain variable region (VH) and a hight
chain variable region (VL}, wherein the VH and VL comprise:

(a) six immunoglobulin complementarity  determining regions HCDRI,
HCDRZ, HCDR3Z, LCDRI, LCDR2, and LCDR3, wherein the HCDRI, HCDR2, HCDR3,
LCDRIE, LCDR2, and LCDR3 comprise the CDRs of an antibody comprising the VH and VL
amino acid scquences SEQ 1D NO: 7 and SEQ 1D NO: 8, respectively; and/or

(b} amino acid sequences at least 90% identical to SEQ ID NO: 7 and SEQ ID
NG: &, respectively.

17, The method of any one of clamms | to 16, wherein the antibody or multimerized
antigen-binding fragment, variant, or denivative thereof is a dimeric IgA or IgA-like antibody
comprising two bivalent IgA binding units or multimerizing fragments thereof and a J-chain or
fragment or variant thercof, wherein cach binding unit comprises two IgA heavy chain constant
regions or multimerizing fragments thereof each associated with an antigen-binding domain,
and wherein the IgA heavy cham constant regions or mudtimerizing fragments thereof each
comprse a Co3-tp domain,

18, The method of claim 17, wherein the IgA heavy chain constant regions or
multimerizing fragments thereof each comprise a Cal domain and/or a Cu2 domain.

9. The method of claim 17, wherein the IgA heavy chain constant region is a
human IgA constant region.

20, The method of claim 17, wherein cach binding unit comprises two IgA heavy
chains ecach comprising a VH situated amino termunal to the IgA constant region or
multimerizing fragment thereof, and two immunoglobulin light chains each comprising a VL
situated amino terminal to an mumunoglobulin light chain constant region.

21, The method of any one of claims 1 to 16, wherem the antibody or multimerized
antigen-binding fragment, variant, or derivative thereof is a pentameric or a hexameric {gM
antibody comprising five or six bivalent IgM binding units, respectively, wherein cach binding

unit comprises two IgM heavy chain constant regions or muliimerizing fragments thereof each
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associated with an antigen-binding domain, and wherein the IgM heavy chain constant regions
or multimerizing fragments thereof each comprise a Cpd-tp domain.
22. The method of claim 21, wherein the IgM heavy chain constant regions or

multimerizing fragments thercof cach comprise a Cul domain, a Cy2 domain, and/or a Cu3

N

domain.

23. The method of claum 21, wherein the antibody or multimerized antigen-binding
fragment, variant, or devivative thereof is peontameric, and further comprises a J-chamn, or
functional fragment thereof, or vanant thereof,

24, The method of claim 21, wherein the IgM heavy chain constant region s a
16 human igM constant region.

25, The method of claim 21, wherein each binding unit comprises two IgM heavy
chains cach comprising a VH situated amino terminal to the IgM constant region or
multimerizing fragment thereof, and two immanoglobulin light chaing cach comprising a VL
situated amino terminal to an mmunoglobulin light chain constant region.

15 26, The method of claim 23, wherein the J-chain or functional fragment or variant
thereof is a variant J-chain comprising one or more single amino acid substitutions, deletions,
or nsertions relative to a wild-type J-chain that can affect serum half-life of the multimeric
binding molecule; and wherein the nwltimenc binding molecule exhibits an increased serum
half-life upon admunistration to an ammal relative to a reference multimenic binding molecule

20 that is identical except for the one or more single amino acid substitutions, deletions, or
msertions, and is administered in the same way to the same arumal species.

27, The method of claim 26, wherein the J-chain or functional fragment thereof
comprises:

(a) an amino acid substitution at the amino acid position corresponding 0

25 amino acid Y 102 of the wild-type human J-chain (SEQ 1D NO: 97},

(b} an alanine {a) substitution at the anmino acid position corresponding to amino
acid Y102 of the wild-type human J-chamn (SEQ ID NO: 97}, or
{c} the amino acid sequence SEQ 1D NG: 98,

28, The method of claim 26, wherein the I-chain or functional fragment or vanant

30 thereof fusther comprises a heterologous polypeptide, wherein the bheterologous polypeptide is

directly or indirectly fused to the JI-chain or functional fragment or variant thereof.

29, The method of any one of claims 1 to 16, wherein admmistration of the

combination therapy results m enhanced therapeutic efficacy relative to adnunistration of the
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antibody or multimerized antigen-binding fragment, vanant, or derivative thereof or the cancer
therapy alone.

30, The method of claim 29, wherein the enhanced therapeutic efficacy comprises
a reduced turnor growth rate, tumor regression, or increased survival,

31, The method of any one of claims | to 16, wherein the subject is human.



