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COMBINATION THERAPY OF T CELL ( APCs ) , and promotes T - cell clonal expansion , cytokine 
ACTIVATING BISPECIFIC ANTIGEN secretion and effector function . Lenschow et al . , Ann . Rev. 

BINDING MOLECULES AND PD - 1 AXIS Immunol . 14 : 233 ( 1996 ) . In the absence of co - stimulation , 
BINDING ANTAGONISTS T cells can become refractory to antigen stimulation , do not 

5 mount an effective immune response , and may result in 
CROSS - REFERENCE TO RELATED exhaustion or tolerance to foreign antigens . 

APPLICATIONS T cells can receive both positive and negative secondary 
co - stimulatory signals . The balance of positive and negative 

This application is a continuation of International Appli signals is important to elicit effective immune responses , 
cation No. PCT / EP2015 / 076682 , Publication No. WO2016 / while maintaining immune tolerance and preventing auto 079050 , filed Nov. 16 , 2015 , which claims priority to immunity . Negative secondary signals appear necessary for 
European Patent Application No. 14194136.9 filed Nov. 20 , induction of T - cell tolerance , while positive signals promote 
2014 , European Patent Application No. 15152141.6 filed T cell activation . 
Jan. 22 , 2015 , and European Patent Application No. Recently , it has been discovered that T cell dysfunction or 15167173.2 filed May 11 , 2015 , the disclosures of which are anergy occurs concurrently with an induced and sustained incorporated herein by reference in their entirety . expression of the inhibitory receptor , programmed death 1 

SEQUENCE LISTING polypeptide ( PD - 1 ) . One of its ligands , PD - L1 is overex 
pressed in many cancers and is often associated with poor 

The instant application contains a Sequence Listing which 20 prognosis ( Okazaki T et al . , Intern . Immun . 2007 19 ( 7 ) : 813 ) 
has been submitted electronically in ASCII format and is ( Thompson R H et al . , Cancer Res 2006 , 66 ( 7 ) : 3381 ) . 
hereby incorporated by reference in its entirety . Interestingly , the majority of tumor infiltrating T lympho 

Said ASCII copy , created on May 18 , 2017 , is named cytes predominantly express PD - 1 , in contrast to T lympho 
P32401US_ST25.txt and is 527,186 bytes in size . cytes in normal tissues and peripheral blood T lymphocytes 

25 indicating that up - regulation of PD - 1 on tumor - reactive T 
FIELD OF THE INVENTION cells contribute to impaired antitumor immune 

responses ( Blood 2009 1 14 ( 8 ) : 1537 ) . 
The present invention relates to combination therapies T cell Immunoglobulin- and Mucin domain - containing 

employing T cell activating bispecific antigen binding mol molecule 3 ( TIM3 ) , is important in immune regulation . This 
ecule and a PD - 1 axis binding antagonist , and , optionally , a 30 cell surface protein is expressed , preferentially , by type 1 T 
TIM3 antagonist , and the use of these combination therapies helper cells and has been implicated in the regulation of 
for the treatment of cancer . macrophage activation , inflammatory conditions and cancer 

( Majeti R et al . , PNAS , 106 ( 2009 ) 3396-3401 and 
BACKGROUND WO2009 / 091547 ) . Binding of TIM - 3 to one of its ligands 

35 ( e.g. , galectin - 9 ) can suppress the Thl response by inducing 
Monoclonal antibodies are powerful therapeutic agents programmed cell death , thereby supporting peripheral tol 

for the treatment of cancer that selectively target antigens erance . Treatment with TIM - 3 siRNA or with an anti - TIM - 3 
which are differentially expressed on cancer cells . antagonist antibody increases secretion of interferon alpha 

Bispecific antibodies designed to bind with one antigen from CD4 positive T - cells , supporting the inhibitory role of 
binding moiety to a surface antigen on target cells , and with 40 TIM - 3 in human T cells . Examples of the anti - TIM - 3 
the second antigen binding moiety to an activating , invariant monoclonal antibodies include are disclosed in WO2013 / 
component of the T cell receptor ( TCR ) complex , have 06490 and US2012 / 189617 ( Ngiow et al . , Cancer Res 
become of interest in recent years . The simultaneous binding 7 : 6567 ( 2011 ) ) . 
of such an antibody to both of its targets will force a FOLR1 is expressed on tumor cells of various origins , 
temporary interaction between target cell and T cell , causing 45 e.g. , ovarian and lung cancer . Several approaches to target 
activation of any cytotoxic T cell and subsequent lysis of the FOLR1 with therapeutic antibodies , such as farletuzumab , 
target cell . Hence , the immune response is re - directed to the antibody drug conjugates , or adoptive T cell therapy for 
target cells and is independent of peptide antigen presenta imaging of tumors have been described ( Kandalaft et al . , J 
tion by the target cell or the specificity of the T cell as would Transl Med . 2012 Aug. 3 ; 10 : 157 . doi : 10.1186 / 1479-5876 
be relevant for normal MHC - restricted activation of CTLs . 50 10-157 ; van Dam et al . , Nat Med . 2011 Sep. 18 ; 17 ( 10 ) : 
In this context it is crucial that CTLs are only activated when 1315-9 . doi : 10.1038 / nm.2472 ; Clifton et al . , Hum Vaccin . 
a target cell is presenting the bispecific antibody to them , 2011 February ; 7 ( 2 ) : 183-90 . Epub 2011 Feb. 1 ; Kelemen et 
i.e. , the immunological synapse is mimicked . Particularly al . , Int J Cancer . 2006 Jul . 15 ; 119 ( 2 ) : 243-50 ; Vaitilingam et 
desirable are bispecific antibodies that do not require lym al . , J Nucl Med . 2012 July ; 53 ( 7 ) ; Teng et al . , 2012 August ; 
phocyte preconditioning or co - stimulation in order to elicit 55 9 ( 8 ) : 901-8 . doi : 10.1517 / 17425247.2012.694863 . Epub 
efficient lysis of target cells . It is not well understood how 2012 Jun . 5. Some attempts have been made to target folate 
TCBs affect the T cell itself beyond activation of certain receptor - positive tumors with constructs that target the 
effector function . folate receptor and CD3 ( Kranz et al . , Proc Natl Acad Sci 

Activation of resting T lymphocytes , or T cells , by anti USA . Sep. 26 , 1995 ; 92 ( 20 ) : 9057-9061 ; Roy et al . , Adv 
gen - presenting cells ( APCs ) appears to require two signal 60 Drug Deliv Rev. 2004 Apr. 29 ; 56 ( 8 ) : 1219-31 ; Huiting Cui 
inputs . Lafferty et al , Aust . J. Exp . Biol . Med . ScL 53 : 27-42 et al Biol Chem . Aug. 17 , 2012 ; 287 ( 34 ) : 28206-28214 ; 
( 1975 ) . The primary , or antigen specific , signal is transduced Lamers et al . , Int . J. Cancer . 60 ( 4 ) : 450 ( 1995 ) ; Thompson et 
through the T - cell receptor ( TCR ) following recognition of al . , MAbs . 2009 July - August ; 1 ( 4 ) : 348-56 . Epub 2009 Jul . 
foreign antigen peptide presented in the context of the major 19 ; Mezzanzanca et al . , Int . J. Cancer , 41 , 609-615 ( 1988 ) . 
histocompatibility - complex ( MHC ) . The second , There remains a need for such an optimal therapy for 
co - stimulatory , signal is delivered to T - cells by co - stimula treating , stabilizing , preventing , and / or delaying develop 
tory molecules expressed on antigen - presenting cells ment of various cancers . 

or 65 
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SUMMARY prising an amino acid sequence of SEQ ID NO : 55 and a 
variable light chain comprising an amino acid sequence of 

Broadly , the present invention relates to bispecific anti SEQ ID NO : 64. In one embodiment , the antigen binding 
bodies combining a Folate Receptor 1 ( FolR1 ) targeting moiety capable of specific binding to Folate Receptor 1 
antigen binding site with a second antigen binding site that 5 ( Fo1R1 ) comprises at least one heavy chain complementarity 
targets CD3 and their use in combination with a PD - 1 axis determining region ( CDR ) amino acid sequence selected 
binding antagonist , e.g. , for the treatment of cancer . In one from the group consisting of SEQ ID NO : 8 , SEQ ID NO : 
embodiment , the combination further comprises a TIM3 9 and SEQ ID NO : 50 and at least one light chain CDR 
antagonist . The methods and combinations of the present selected from the group of SEQ ID NO : 52 , SEQ ID NO : 53 , 
invention enable enhanced immunotherapy . The advantage 10 SEQ ID NO : 54. In one embodiment , the antigen binding 
over conventional treatment is the specificity of inducing T moiety capable of specific binding to FolR1 comprises : 
cell activation only at the site where FolR1 is expressed as a ) a complementarity determining region heavy chain 1 
well as the reduction and / or reversal of low T cell mediated ( CDR - H1 ) amino acid sequences of SEQ ID NO : 8 ; 
activity also termed T cell exhaustion due to the combination ( b ) a CDR - H2 amino acid sequence of SEQ ID NO : 9 ; 
with a PD - 1 axis binding antagonist , and , optionally , a TIM3 15 ( c ) a CDR - H3 amino acid sequence of SEQ ID NO : 50 ; 
antagonist . ( d ) a complementarity determining region light chain 1 

Accordingly , in one aspect , the present invention provides ( CDR - L1 ) amino acid sequence of SEQ ID NO : 52 ; 
a method for treating or delaying progression of a cancer in ( e ) a CDR - L2 amino acid sequence of SEQ ID NO : 53 , 
an individual comprising administering to the individual an and 
effective amount of a T cell activating bispecific antigen 20 ( f ) a CDR - L3 amino acid sequence of SEQ ID NO : 54 . 
binding molecule and a PD - 1 axis binding antagonist . In one In one such embodiment , the antigen binding moiety 
embodiment , the T cell activating bispecific antigen binding capable of specific binding to FolR1 comprises a variable 
molecule comprises a first antigen binding moiety capable of heavy chain comprising an amino acid sequen of SEQ ID 
specific binding to CD3 and a second antigen binding NO : 49 and a variable light chain comprising an amino acid 
moiety capable of specific binding to Folate Receptor 1 25 sequence of SEQ ID NO : 51 . 
( FolR1 ) . In one embodiment , the first antigen binding moi In one embodiment , the T cell activating bispecific anti 
ety comprises at least one heavy chain complementarity gen binding molecule binds to a human FolR1 , a cynomol 
determining region ( CDR ) amino acid sequence selected gus monkey FolR1 and a murine FolR1 . 
from the group consisting of SEQ ID NO : 37 , SEQ ID NO : In one embodiment , the T cell activating bispecific anti 
38 and SEQ ID NO : 39 and at least one light chain CDR 30 gen binding molecule induces proliferation of a human CD3 
selected from the group of SEQ ID NO : 32 , SEQ ID NO : 33 , positive T cell in vitro . 
SEQ ID NO : 34. In one embodiment , the first antigen In one embodiment , the T cell activating bispecific anti 
binding moiety comprises a variable heavy chain comprising gen binding molecule induces human peripheral blood 
an amino acid sequence of SEQ ID NO : 36 and a variable mononuclear cell mediated killing of a FolR1 - expressing 
light chain comprising an amino acid sequence of SEQ ID 35 human tumor cell in vitro . 
NO : 31. In one embodiment , the T cell activating bispecific In one embodiment , the T cell activating bispecific anti 
antigen binding molecule further comprises a third antigen gen binding molecule induces T cell mediated killing of a 
binding moiety capable of specific binding to FolR1 . In one FolRl - expressing human tumor cell in vitro . In one embodi 
embodiment , the second and third antigen binding moiety ment , the T cell activating bispecific antigen binding mol 
capable of specific binding to FolR1 comprise identical 40 ecule induces T cell mediated killing of the FolR1 - express 
heavy chain complementarity determining region ( CDR ) ing human tumor cell in vitro with an EC50 of between 
and light chain CDR sequences . In one embodiment , the about 36 PM and about 39573 PM after 24 hours . In one 
third antigen binding moiety is identical to the second embodiment , the T cell activating bispecific antigen binding 
antigen binding moiety . In one embodiment , at least one of molecule induces upregulation of cell surface expression of 
the first , second and third antigen binding moiety is a Fab 45 at least one of CD25 and CD69 on the T cell as measured by 
molecule . flow cytometry . In one embodiment , the T cell activating 

In one embodiment , the antigen binding moiety capable bispecific antigen binding molecule binds human Folri 
of specific binding to Folate Receptor 1 ( FolR1 ) comprises with an apparent K ) of about 5.36 PM to about 4 nM . In one 
at least one heavy chain complementarity determining embodiment , the T cell activating bispecific antigen binding 
region ( CDR ) amino acid sequence selected from the group 50 molecule binds human and cynomolgus FolR1 with an 
consisting of SEQ ID NO : 16 , SEQ ID NO : 17 and SEQ ID apparent K , of about 4 nM . In one embodiment , the T cell 
NO : 18 and at least one light chain CDR selected from the activating bispecific antigen binding molecule hinds murine 
group of SEQ ID NO : 32 , SEQ ID NO : 33 , SEQ ID NO : 34 . FolR1 with an apparent Ky of about 1.5 nM . In one 
In one embodiment , the antigen binding moiety capable of embodiment , the T cell activating bispecific antigen binding 
specific binding to Folate Receptor 1 ( FolR1 ) comprises a 55 molecule binds human FolR1 with a monovalent binding K ) 
variable heavy chain comprising an amino acid sequence of of at least about 1000 nM . In one embodiment , the T cell 
SEQ ID NO : 15 and a variable light chain comprising an activating bispecific antigen binding molecule binds to 
amino acid sequence of SEQ ID NO : 31. In one embodi FolR1 expressed on a human tumor cell . In one embodi 
ment , the antigen binding moiety capable of specific binding ment , the T cell activating bispecific antigen binding mol 
to Folate Receptor 1 ( Fo1R1 ) comprises at least one heavy 60 ecule binds to a conformational epitope on human FolR1 . In 
chain complementarity determining region ( CDR ) amino one embodiment , the T cell activating bispecific antigen 
acid sequence selected from the group consisting of SEQ ID binding molecule does not bind to human Folate Receptor 2 
NO : 8 , SEQ ID NO : 56 and SEQ ID NO : 57 and at least one ( FolR2 ) or to human Folate Receptor 3 ( FolR3 ) . In one 
light chain CDR selected from the group of SEQ ID NO : 59 , embodiment , the antigen binding moiety binds to a FolR1 
SEQ ID NO : 60 , SEQ ID NO : 65. In one embodiment , the 65 polypeptide comprising the amino acids 25 to 234 of human 
antigen binding moiety capable of specific binding to Folate Fo1R1 ( SEQ ID NO : 227 ) . In one embodiment , the FolR1 
Receptor 1 ( Fo1R1 ) comprises a variable heavy chain com antigen binding moiety binds to a FolR1 polypeptide com 
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prising the amino acid sequence of SEQ ID NOs : 227 , 230 d . the fifth polypeptide chain comprise the amino acid 
and 231 , and wherein the FolR1 antigen binding moiety does sequence of SEQ ID NO : 397 . 
not bind to a FolR polypeptide comprising the amino acid In some embodiments , the bispecific antibody is bivalent 
sequence of SEQ ID NOs : 228 and 229. In one embodiment , both for FolR1 and CD3 . 
the T cell activating bispecific antigen binding molecule 5 In some embodiments , the bispecific antibody comprises 
comprises a ) a first antigen - binding site that competes for one or more Fab fragment ( s ) comprising an antigen binding 
binding to human FolR1 with a reference antibody compris site specific for CD3 , wherein the variable regions or the 
ing a variable heavy chain domain ( VH ) of SEQ ID NO : 49 constant regions of the heavy and light chain are exchanged . 
and a variable light chain domain of SEQ ID NO : 51 ; and b ) In some embodiments , the bispecific antibody comprises 
a second antigen - binding site that competes for binding to 10 an Fc domain , at least one Fab fragment comprising the 
human CD3 with a reference antibody comprising a variable antigen binding site specific for FolR1 , and at least one Fab 
heavy chain domain ( VH ) of SEQ ID NO : 36 and a variable fragment comprising the antigen binding site specific for 
light chain domain of SEQ ID NO : 31 , wherein binding CD3 wherein either the variable regions or the constant 
competition is measured using a surface plasmon resonance regions of the heavy and light chain of at least one Fab 
assay . 15 fragment are exchanged . 

In one embodiment , the T cell activating bispecific anti In some embodiments , the bispecific antibody comprises : 
gen binding molecule comprises a first , a second , a third , a a ) an Fc domain , 
fourth and a fifth polypeptide chain that form a first , a second b ) a first and second Fab fragment each comprising an 
and a third antigen binding moiety , wherein the first antigen antigen binding site specific for FolR1 , 
binding moiety is capable of binding CD3 and the second 20 c ) a third Fab fragment comprising an antigen binding site 
and the third antigen binding moiety each are capable of specific for CD3 , wherein the third Fab fragment is 
binding Folate Receptor 1 ( Fo1R1 ) , wherein a ) the first and connected at the C - terminus of the variable heavy chain 
the second polypeptide chain comprise , in amino ( N ) -ter ( VH ) to the second subunit of the Fc domain and 
minal to carboxyl ( C ) -terminal direction , VLD1 and CLD1 ; wherein the third Fab fragment is connected at the 
b ) the third polypeptide chain comprises , in N - terminal to 25 N - terminus of the variable heavy chain to the C - termi 
C - terminal direction , VLD2 and CH1D2 ; c ) the fourth nus of the second Fab fragment . 
polypeptide chain comprises , in N - terminal to C - terminal In one embodiment at least one of said Fab fragments is 
direction , VHD1 , CH1D1 , CH2D1 and CH3D1 ; d ) the fifth connected to the Fc domain via a peptide linker . 
polypeptide chain comprises VHD1 , CHIDI , VHD2 , In one embodiment said bispecific antibody comprises an 
CLD2 , CH2D2 and CH3D2 ; wherein 30 Fc domain , which comprises one or more amino acid 
VLD1 is a first light chain variable domain substitution that reduces binding to Fc receptors and / or 
VLD2 is a second light chain variable domain effector function . In one embodiment said one or more 
CLD1 is a first light chain constant domain amino acid substitution is at one or more positions selected 
CLD2 is a second light chain constant domain from the group of L234 , L235 , and P329 . In one embodi 
VHD1 is a first heavy chain variable domain 35 ment each subunit of the Fc domain comprises three amino 
VHD2 is a second heavy chain variable domain acid substitutions that abolish binding to an activating or 
CH1D1 is a first heavy chain constant domain 1 inhibitory Fc receptor and / or effector function wherein said 
CH1D2 is a second heavy chain constant domain 1 amino acid substitutions are L234A , L235A and P329G . 
CH2D1 is a first heavy chain constant domain 2 In some embodiments , the PD - 1 axis binding antagonist 
CH2D2 is a second heavy chain constant domain 2 40 is selected from the group consisting of a PD - 1 binding 
CH3D1 is a first heavy chain constant domain 3 antagonist , a PDL1 binding antagonist and a PDL 2 binding 
CH3D2 is a second heavy chain constant domain 3 . antagonist . 
In one such embodiment , In some embodiments , the PD - 1 axis binding antagonist 
a . the third polypeptide chain and VHD2 and CLD2 of the is a PD - 1 binding antagonist . In some embodiments , the 

fifth polypeptide chain form the first antigen binding 45 PD - 1 binding antagonist inhibits the binding of PD - 1 to its 
moiety capable of binding CD3 ; ligand binding partners . In some embodiments , the PD - 1 

b . the first polypeptide chain and VHD1 and CH1D1 of binding antagonist inhibits the binding of PD - 1 to PDL1 . In 
the fourth polypeptide chain form the second binding some embodiments , the PD - 1 binding antagonist inhibits the 
moiety capable of binding to FolR1 ; and binding of PD - 1 to PDL2 . In some embodiments , the PD - 1 

c . the second polypeptide chain and VHD1 and CH1D1 of 50 binding antagonist inhibits the binding of PD - 1 to both 
the fifth polypeptide chain form the third binding PDL1 and PDL2 . In some embodiments , PD - 1 binding 
moiety capable of binding to FolR1 . antagonist is an antibody . In some embodiments , the anti 

In one such embodiment , the first and second polypeptide PD - 1 antibody is a monoclonal antibody . In some embodi 
chain comprise the amino acid sequence of SEQ ID NO : 399 . ments , the anti - PD - 1 antibody is an antibody fragment 
In one such embodiment , the third polypeptide chain com- 55 selected from the group consisting of Fab , Fab ' - SH , Fv , 
prises the amino acid sequence of SEQ ID NO : 86 . In one scFv , and ( Fab ' ) 2 fragments . In some embodiments , PD - 1 
such embodiment , the fourth polypeptide chain comprises binding antagonist is nivolumab , pembrolizumab , CT - 011 , 
the amino acid sequence of SEQ ID NO : 394 . In one such or AMP - 224 . 
embodiment , the fifth polypeptide chain comprises the In some embodiments , the PD - 1 axis binding antagonist 
amino acid sequence of SEQ ID NO : 397 . In one embodi- 60 is a PDL1 binding antagonist . In some embodiments , the 
ment , PDL1 binding antagonist inhibits the binding of PDL1 to 

a . the first and second polypeptide chain comprise the PD - 1 . In some embodiments , the PDL1 binding antagonist 
amino acid sequence of SEQ ID NO : 399 ; inhibits the binding of PDL1 to B7-1 . In some embodiments , 

b . the third polypeptide chain comprises the amino acid the PDL1 binding antagonist inhibits the binding of PDL1 to 
sequence of SEQ ID NO : 86 ; 65 both PD - 1 and B7-1 . In some embodiments , the PDL1 

c . the fourth polypeptide chain comprises the amino acid binding antagonist is an anti - PDL1 antibody . In some 
sequence of SEQ ID NO : 394 ; and embodiments , the anti - PDL1 antibody is a monoclonal 
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antibody . In some embodiments , the anti - PDL1 antibody is ID NO : 305 , and ( iii ) HVR - H3 comprising an amino 
an antibody fragment selected from the group consisting of acid sequence selected from SEQ ID NO : 306 ; and ( b ) 
Fab , Fab ' - SH , Fv , scFv , and ( Fab ' ) 2 fragments . In some a VL domain comprising ( i ) HVR - L1 comprising the 
embodiments , the anti - PDL1 antibody is a humanized anti amino acid sequence of SEQ ID NO : 307 ; ( ii ) HVR - L2 
body or a human antibody . In some embodiments , the PDL1 comprising the amino acid sequence of SEQ ID 
binding antagonist is selected from the group consisting of : NO : 308 and ( iii ) HVR - L3 comprising the amino acid 
YW243.55.870 , MPDL3280A , MDX - 1105 , and sequence of SEQ ID NO : 309 ; or 
MEDI4736 . B ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising 

In some embodiments , the anti - PDL1 antibody comprises the amino acid sequence of SEQ ID NO : 304 , ( ii ) 
a heavy chain comprising HVR - H1 sequence of SEQ ID 10 HVR - H2 comprising the amino acid sequence of SEQ 
NO : 289 , HVR - H2 sequence of SEQ ID NO : 290 , and HVR ID NO : 305 , and ( iii ) HVR - H3 comprising an amino 
H3 sequence of SEQ ID NO : 291 ; and a light chain com acid sequence selected from SEQ ID NO : 306 ; and ( b ) 
prising HVR - L1 sequence of SEQ ID NO : 292 , HVR - L2 a VL domain comprising ( i ) HVR - L1 comprising the 
sequence of SEQ ID NO : 293 , and HVR - L3 sequence of amino acid sequence of SEQ ID NO : 314 ; ( ii ) HVR - L2 
SEQ ID NO : 294 . In some embodiments , anti - PDL1 anti- 15 comprising the amino acid sequence of SEQ ID 
body comprises a heavy chain variable region comprising NO : 308 and ( iii ) HVR - L3 comprising the amino acid 
the amino acid sequence of SEQ ID NO : 280 or SEQ ID sequence of SEQ ID NO : 309 ; or 
NO : 281 and a light chain variable region comprising the C ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising 
amino acid sequence of SEQ ID NO : 383 . In some embodi the amino acid sequence of SEQ ID NO : 304 , ( ii ) 
ments , the anti - PDL1 antibody comprises a heavy chain 20 HVR - H2 comprising the amino acid sequence of SEQ 
comprising the amino acid sequence of SEQ ID NO : 278 ID NO : 305 , and ( iii ) HVR - H3 comprising an amino 
and / or a light chain comprising the amino acid sequence of acid sequence selected from SEQ ID NO : 306 ; and ( b ) 
SEQ ID NO : 279 . a VL domain comprising ( i ) HVR - L1 comprising the 

In some embodiments , the PD - 1 axis binding antagonist amino acid sequence of SEQ ID NO : 315 ; ( ii ) HVR - L2 
is a PDL2 binding antagonist . In some embodiments , PDL2 25 comprising the amino acid sequence of SEQ ID 
binding antagonist is an antibody . In some embodiments , the NO : 308 and ( iii ) HVR - L3 comprising the amino acid 
anti - PDL2 antibody is a monoclonal antibody . In some sequence of SEQ ID NO : 309 ; or 
embodiments , the anti - PDL2 antibody is an antibody frag D ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising 
ment selected from the group consisting of Fab , Fab ' - SH , Fv , the amino acid sequence of SEQ ID NO : 316 , ( ii ) 
scFv , and ( Fab ' ) 2 fragments . In some embodiments , PDL2 30 HVR - H2 comprising the amino acid sequence of SEQ 
binding antagonist is an immunoadhesin . ID NO : 317 , and ( iii ) HVR - H3 comprising an amino 

In one embodiment , the method of any of the above acid sequence selected from SEQ ID NO : 318 ; and ( b ) 
embodiments further comprises administering to the indi a VL domain comprising ( i ) HVR - L1 comprising the 
vidual a T cell immunoglobulin mucin 3 ( TIM3 ) antagonist . amino acid sequence of SEQ ID NO : 319 ; ( ii ) HVR - L2 
In one embodiment , the TIM3 antagonist is an anti - TIM3 35 comprising the amino acid sequence of SEQ ID 
antibody . In one embodiment , the anti - TIM3 antibody NO : 320 and ( iii ) HVR - L3 comprising the amino acid 
induces internalization of TIM3 on a TIM3 expressing cell sequence of SEQ ID NO : 321 ; or 
of at least 45 % after 120 Minutes at 37 ° C. wherein E ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising 
internalization is measured by FACS analysis . In one the amino acid sequence of SEQ ID NO : 324 , ( ii ) 
embodiment , the anti - TIM3 antibody has one or more of the 40 HVR - H2 comprising the amino acid sequence of SEQ 
following properties : ID NO : 325 , and ( iii ) HVR - H3 comprising an amino 

a ) competes for binding to TIM3 with an anti - Tim3 acid sequence selected from SEQ ID NO : 326 ; and ( b ) 
antibody comprising the VH of SEQ ID NO : 7 and VL a VL domain comprising ( i ) HVR - L1 comprising the 
of of SEQ ID NO : 8 amino acid sequence of SEQ ID NO : 327 ; ( ii ) HVR - L2 

b ) binds to a human and cynomolgoues TIM3 comprising the amino acid sequence of SEQ ID 
c ) shows as immunoconjugate a cytotoxic activity on NO : 328 and ( iii ) HVR - L3 comprising the amino acid 
TIM3 expressing cells sequence of SEQ ID NO : 329 ; or . 

d ) induces interferon -gamma release . F ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising 
In one embodiment , the anti - TIM3 antibody has one or the amino acid sequence of SEQ ID NO : 332 , ( ii ) 

more of the following properties : HVR - H2 comprising the amino acid sequence of SEQ 
a . competes for binding to TIM3 with an anti - Tim3 ID NO : 333 , and ( iii ) HVR - H3 comprising an amino 

antibody comprising the VH of SEQ ID NO : 7 and VL acid sequence selected from SEQ ID NO : 334 ; and ( b ) 
of of SEQ ID NO : 8 a VL domain comprising ( i ) HVR - L1 comprising the 

b . binds to a human and cynomolgoues TIM3 amino acid sequence of SEQ ID NO : 335 ; ( ii ) HVR - L2 
c . shows as immunoconjugate a cytotoxic activity on 55 comprising the amino acid sequence of SEQ ID 
TIM3 expressing cells NO : 336 and ( iii ) HVR - L3 comprising the amino acid 

d . induces interferon - gamma release . sequence of SEQ ID NO : 337 ; or 
In one embodiment , the anti - TIM3 antibody is a mono G ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising 

clonal antibody . In one embodiment , the anti - TIM3 antibody the amino acid sequence of SEQ ID NO : 340 , ( ii ) 
is a human , humanized , or chimeric antibody . In one 60 HVR - H2 comprising the amino acid sequence of SEQ 
embodiment , the anti - TIM3 antibody is an antibody frag ID NO : 341 , and ( iii ) HVR - H3 comprising an amino 
ment that binds to TIM3 . In one embodiment , the anti - TIM3 acid sequence selected from SEQ ID NO : 342 ; and ( b ) 
antibody is Fab fragment . In one embodiment , the anti a VL domain comprising ( i ) HVR - Ll comprising the 
TIM3 antibody comprises : amino acid sequence of SEQ ID NO : 343 ; ( ii ) HVR - L2 
A ) ( a ) a VH domain comprising ( 1 ) HVR - H1 comprising 65 comprising the amino acid sequence of SEQ ID 

the amino acid sequence of SEQ ID NO : 304 , ( ii ) NO : 344 and ( iii ) HVR - L3 comprising the amino acid 
HVR - H2 comprising the amino acid sequence of SEQ sequence of SEQ ID NO : 345 ; or 

45 

50 
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H ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising activation , proliferation and / or effector function relative to 
the amino acid sequence of SEQ ID NO : 348 , ( ii ) administration of the T cell activating bispecific antigen 
HVR - H2 comprising the amino acid sequence of SEQ binding molecule alone . In one embodiment , T cell effector 
ID NO : 349 , and ( iii ) HVR - H3 comprising an amino function is secretion of at least one of IL - 2 , IFN - y and 
acid sequence selected from SEQ ID NO : 350 ; and ( b ) 5 TNF - a . In one embodiment , the individual comprises less 
a VL domain comprising ( i ) HVR - L1 comprising the than about 15 % PD - 1 i expressing tumor - infiltrating T cells . 
amino acid sequence of SEQ ID NO : 351 ; ( ii ) HVR - L2 In one aspect , the invention provides for a method of 
comprising the amino acid sequence of SEQ ID enhancing immune function in an individual having a FolR1 
NO : 352 and ( iii ) HVR - L3 comprising the amino acid positive cancer comprising administering to the individual 
sequence of SEQ ID NO : 353 ; or 10 an effective amount of a combination of a T cell activating 

I ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising bispecific antigen binding molecule specific for Folate 
the amino acid sequence of SEQ ID NO : 356 , ( ii ) Receptor 1 ( FolR1 ) and CD3 , and a PD - 1 axis binding 
HVR - H2 comprising the amino acid sequence of SEQ antagonist . In one embodiment , T cells in the individual 
ID NO : 357 , and ( iii ) HVR - H3 comprising an amino have enhanced activation , proliferation and / or effector func 
acid sequence selected from SEQ ID NO : 358 ; and ( b ) 15 tion relative to prior to the administration of the combina 
a VL domain comprising ( i ) HVR - L1 comprising the tion . In one embodiment , T cells in the individual have 
amino acid sequence of SEQ ID NO : 359 ; ( ii ) HVR - L2 enhanced activation , proliferation and / or effector function 
comprising the amino acid sequence of SEQ ID relative to administration of the T cell activating bispecific 
NO : 360 and ( iii ) HVR - L3 comprising the amino acid antigen binding molecule alone . In one embodiment , T cell 
sequence of SEQ ID NO : 361 ; or 20 effector function is secretion of at least one of IL - 2 , IFN - Y 

J ) ( a ) a VH domain comprising ( i ) HVR - H1 comprising and TNF - a . 
the amino acid sequence of SEQ ID NO : 364 , ( ii ) In one embodiment , the individual comprises less than 
HVR - H2 comprising the amino acid sequence of SEQ about 15 % PD - 1 int expressing tumor - infiltrating T cells . 
ID NO : 365 , and ( iii ) HVR - H3 comprising an amino In another aspect , the invention provides for a method for 
acid sequence selected from SEQ ID NO : 366 ; and ( b ) 25 selecting a patient for treatment with a combination of a T 
a VL domain comprising ( i ) HVR - L1 comprising the cell activating bispecific antigen binding molecule specific 
amino acid sequence of SEQ ID NO : 367 ; ( ii ) HVR - L2 for Folate Receptor 1 ( FolR1 ) and CD3 , and a PD - 1 axis 
comprising the amino acid sequence of SEQ ID binding antagonist comprising measuring the level of PD - 1 
NO : 368 and ( iii ) HVR - L3 comprising the amino acid expression , wherein a patient having less than about 15 % 
sequence of SEQ ID NO : 369 . 30 PD - 1hi expressing T cells is selected for treatment with the 

In one embodiment , the anti - TIM3 antibody is a full combination . 
length IgG , antibody with mutations S228P , L235E and In another aspect , the invention provides for a kit com 
P329G according to the EU index of Kabat numbering . In prising a T cell activating bispecific antigen binding mol 
one embodiment , the anti - TIM3 antibody is any one of the ecule specific for Folate Receptor 1 ( FolR1 ) and CD3 , and 
antibodies described in WO 2011/155607 , WO 2013 / 35 a package insert comprising instructions for using the T cell 
006490 , WO 03/063792 , WO 2009/097394 , and WO 2011 / activating bispecific antigen binding molecule with a PD - 1 
159877. In one embodiment , the anti - TIM3 antibody is axis binding antagonist to treat or delay progression of 
F38-2E2 . cancer in an individual . In one embodiment , the kit further 

In one embodiment , the cancer contains a KRAS wild comprises instructions for using the T cell activating bispe 
type . In one embodiment , the cancer contains an activating 40 cific antigen binding molecule with a TIM3 antagonist . 
KRAS mutation . In another aspect , the invention provides for a kit com 

In one embodiment , the treatment results in a sustained prising a T cell activating bispecific antigen binding mol 
response in the individual after cessation of the treatment . In ecule specific for Folate Receptor 1 ( FolR1 ) and CD3 and a 
one embodiment , at least one of the T cell activating PD - 1 axis binding antagonist , and a package insert com 
bispecific antigen binding molecule and the PD - 1 axis 45 prising instructions for using the T cell activating bispecific 
binding antagonist is administered continuously . In one antigen binding molecule and the PD - 1 axis binding antago 
embodiment , at least one of the T cell activating bispecific nist to treat or delay progression of cancer in an individual . 
antigen binding molecule and the PD - 1 axis binding antago In one embodiment , the kit further comprises a TIM3 
nist is administered intermittently . In one embodiment , the antagonist . In one embodiment , the PD - 1 axis binding 
PD - 1 axis binding antagonist is administered before the 50 antagonist is an anti - PD - 1 antibody or an anti - PDL - 1 anti 
FolR1 TCB . In one embodiment , the PD - 1 axis binding body . In one embodiment , the PD - 1 axis binding antagonist 
antagonist is administered simultaneous with the FolR1 is an anti - PD - 1 immunoadhesin . 
TCB . In one embodiment , the PD - 1 axis binding antagonist In another aspect , the invention provides for a pharma 
is administered after the FolR1 TCB . In one embodiment , ceutical composition comprising a T cell activating bispe 
the cancer is selected from the group consisting of ovarian 55 cific antigen binding molecule specific for Folate Receptor 
cancer , lung cancer , breast cancer , renal cancer , colorectal 1 ( FolR1 ) and CD3 , a PD - 1 axis binding antagonist and a 
cancer , endometrial cancer . In one embodiment , at least one pharmaceutically acceptable carrier . In one embodiment , the 
of the T cell activating bispecific antigen binding molecule pharmaceutical composition further comprises a TIM3 
and the PD - 1 axis binding antagonist is administered intra antagonist . 
venously , intramuscularly , subcutaneously , topically , orally , 60 In another aspect , the invention provides for a use of a 
transdermally , intraperitoneally , intraorbitally , by implanta combination of a T cell activating bispecific antigen binding 
tion , by inhalation , intrathecally , intraventricularly , or intra molecule specific for Folate Receptor 1 ( FolR1 ) and CD3 
nasally . and a PD - 1 axis binding antagonist in the manufacture of a 

In one embodiment , T cells in the individual have medicament for the treatment of cancer . In one embodiment , 
enhanced activation , proliferation and / or effector function 65 the medicament is for treatment of ovarian cancer , lung 
relative to prior to the administration of the combination . In cancer , breast cancer , renal cancer , colorectal cancer , endo 
one embodiment , T cells in the individual have enhanced metrial cancer . 
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In certain embodiments of all aspects of the present 2 + 1 classical ( common light chain ) " . The CD3 binder is 
invention , advantageously said T cell activating bispecific fused at the C - terminus of the Fab heavy chain to the 
antigen binding molecule and / or PD - 1 axis binding antago N - terminus of the first subunit of the Fc domain comprising 
nist is human or humanized . the knob modification . These constructs are not crossed and 

In some embodiments , the bispecific antibody comprises 5 have three times the same VLCL light chain . ( FIG . 1E ) 
an Fc domain , at least one Fab fragment comprising the Illustration of the “ FolR1 TCB 2 + 1 crossfab classical ” . 
antigen binding site specific for FolR1 , and at least one Fab These constructs comprise a CK - VH chain for the CD3 
fragment comprising the antigen binding site specific for binder instead of the conventional CH1 - VH chain . The CD3 
CD3 . binder is fused at the C - terminus of the Fab heavy chain to 

In one aspect , the invention provides for a method for 10 the N - terminus of the first subunit of the Fc domain com 
treating or delaying progression of a cancer in an individual prising the knob modification . ( FIG . 1F ) Illustration of the 
comprising administering to the individual an effective “ FolR1 TCB 2 + 1 crossfab inverted ” . These constructs com 
amount of a T cell activating bispecific antigen binding prise a Ck - VH chain for the CD3 binder instead of the 
molecule and a TIM3 antagonist . In some embodiments , the conventional CH1 - VH chain . The FolR1 binder is fused at 
T cell activating bispecific antigen binding molecule com- 15 the C - terminus of the Fab heavy chain to the N - terminus of 
prises an Fc domain , two Fab fragments comprising each an the first subunit of the Fc domain comprising the knob 
antigen binding site specific for FolR1 , and one Fab frag modification . ( FIG . 16 ) Illustration of the " FolR1 TCB 1 + 1 
ment comprising an antigen binding site specific for CD3 . crossfab head - to - tail ” . These constructs comprise a Ck - VH 

In a further aspect , the present invention provides the use chain for the CD3 binder instead of the conventional CH1 
of a combination of a T cell activating bispecific antigen 20 VH chain . ( FIG . 1H ) Illustration of the “ FolR1 TCB 1 + 1 
binding molecule that binds to FolR1 and CD3 , and a PD - 1 crossfab classical ” . These constructs comprise a CR - VH 
axis binding antagonist in the manufacture of a medicament chain for the CD3 hinder instead of the conventional CH1 
for the treatment of cancer . VH chain . FIG . 11 illustrates the CD3 / F01R1 kappa - lambda 

In a further aspect , the present invention provides the use antibody format . These constructs comprise a crossed com 
of a combination of a T cell activating bispecific antigen 25 mon light chain VLCH1 and one crossed VHCL chain 
binding molecule that binds to FolR1 and CD3 , a PD - 1 axis specific for CD3 and one crossed VHCL chain specific for 
binding antagonist and a TIM3 antagonist in the manufac FolR1 . 
ture of a medicament for the treatment of cancer . FIGS . 2A - C depict graphs summarizing Binding of 

Embodiments of the present invention will now be FOLR1 IgG binders to HeLa cells . Binding of newly gen 
described by way of example and not limitation with refer- 30 erated Fo1R1 binders to FolR1 expressed on HeLa cells were 
ence to the accompanying figures . However various further determined by flow cytometry . Bound antibodies were 
aspects and embodiments of the present invention will be detected with a fluorescently labeled anti - human secondary 
apparent to those skilled in the art in view of the present antibody . 
disclosure . FIGS . 3A - B depict graphs summarizing specificity of 

“ and / or ” where used herein is to be taken as specific 35 FolR1 binders for FolR1 . Binding of FolR1 IgGs to HEK 
disclosure of each of the two specified features or compo cells transiently transfected with either FolR1 or FolR2 was 
nents with or without the other . For example “ A and / or B ” analyzed by flow cytometry to identify clones which bind 
is to be taken as specific disclosure of each of ( i ) A , ( ii ) B specifically to FolR1 and not to FolR2 . The antibodies were 
and ( iii ) A and B , just as if each is set out individually herein . detected with a fluorescently labeled anti - human secondary 

Unless context dictates otherwise , the descriptions and 40 antibody . 
definitions of the features set out above are not limited to any FIGS . 4A - B depict graphs summarizing cross - reactivity 
particular aspect or embodiment of the invention and apply of FolR1 binders to cyFoLR1 . Cross - reactivity of the FolR1 
equally to all aspects and embodiments which are described . antibodies to cyno FolR1 was addressed on HEK cells 

transiently transfected with cyFolR1 by flow cytometry . The 
BRIEF DESCRIPTION OF THE FIGURES 45 antibodies were detected with a fluorescently labeled anti 

human secondary antibody . 
The patent or application file contains at least one drawing FIG . 5 depicts a graph illustrating internalization of FolR1 

executed in color . Copies of this patent or patent application TCBs after binding . Internalization of the four Fo1R1 TCBs 
publication with color drawing ( s ) will be provided by the after binding to FolR1 was tested on HeLa cells . Remaining 
Office upon request and payment of the necessary fee . 50 FolR1 TCBs on the surface were detected with a fluores 
FIGS . 1A - I illustrate exemplary configurations of the T cently labeled anti - human secondary antibody after indi 

cell activating bispecific antigen binding molecules ( TCBs ) cated time points of incubation at 37 ° C. Percentage of 
of the invention . All constructs except the kappa - lambda internalization was calculated . 
format in ( FIG . 11 ) have P329G LALA mutations and FIGS . 6A - E depict graphs summarizing binding of FolR1 
comprise knob - into - hole Fc fragments with knob - into - hole 55 IgGs to cells with different FolR1 expression levels . Binding 
modifications . ( FIG . 1A ) Illustration of the “ FolR1 TCB 2 + 1 of 9D11 , 16D5 and Mov19 IgG to tumor cells with different 
inverted ( common light chain ) ” . The FolR1 binder is fused FolR1 expression levels was analyzed by flow cytometry . 
at the C - terminus of the Fab heavy chain to the N - terminus DP47 IgG was included as isotype control and MKN - 45 
of the first subunit of the Fc domain comprising the knob were included as FolR1 negative cell line . The antibodies 
modification . These constructs are not crossed and have 60 were detected with a fluorescently labeled anti - human sec 
three times the same VLCL light chain . ( FIG . 1B ) Illustra ondary antibody . 
tion of the “ FolR1 TCB 1 + 1 head - to - tail ( common light FIGS . 7A - L depict graphs summarizing T cell mediated 
chain ) ” . These constructs are not crossed and have two times killing of HT - 29 and SKOV3 cells . FolR1 TCBs were used 
the same VLCL light chain . ( FIG . 1C ) Illustration of the to test T cell mediated killing of HT - 29 and SKOV3 tumor 
" FolR1 TCB 1 + 1 classical ( common light chain ) ” . These 65 cells and upregulation of activation marker on T cells upon 
constructs are not crossed and have two times the same killing . ( FIGS . 7A - D ) T cell mediated killing of HT - 29 and 
VLCL light chain . ( FIG . 1D ) Illustration of the “ FolR1TCB SKOV3 cells in the presence of 9D11 FolR1 TCB and 16D5 
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FolR1 TCB was measured by LDH release after 24 h and 48 amount of FolR1 + tumor cells ( FIG . 13B ) . Tumor digests or 
h . DP47 TCB was included as negative control . After 48 h malignant effusions were cultured for 24 h in the presence or 
incubation upregulation of the activation marker CD25 and absence of FolR1 - TCB . The FolR1 - TCB induced expression 
CD69 on CD8 T cells and CD4 T cells upon killing of of CD25 was correlated to E : T ratio or the amount of target 
SKOV3 ( FIGS . 7E - H ) or HT - 29 ( FIG . 71 - L ) tumor cells was 5 cells . MFI : mean fluorescence intensity . 
assessed by flow cytometry . FIGS . 14A - L show FolR1 - TCB induced T cell activation 
FIG . 8 depicts a graph showing absence of anti - FolR1 inversely correlates with expression of PD - 1 and Tim - 3 . 

binding to erythrocytes . Erythrocytes were gated as CD235a Tumor digests or malignant effusions were cultured for 24 h 
positive population and binding of 9D11 IgG , 16D5 IgG , in the presence or absence of FoR1 - TCB . The expression of 
Mov19 IgG and DP47 IgG to this population was deter- 10 activation markers or markers of T cell function on CD8 + T 
mined by flow cytometry . The antibodies were detected with cells was determined by flow cytometry . The FolR1 - TCB 
a fluorescently labeled anti - human secondary antibody . induced expression of CD25 ( FIG . 4A - C ) , CD137 ( FIG . 
FIGS . 9A - D depict graphs summarizing activation marker 14D - F ) , ICOS ( FIGS . 14G - I ) and granzyme B ( FIGS . 14J 

upregulation in whole blood . CD25 and CD69 activation L ) was correlated to baseline single- or co - expression of the 
marker upregulation of CD4 T cells and CD8 T cells 24 h 15 inhibitory receptors PD - 1 and Tim - 3 . 
after addition of 9D11 FolR1 TCB , 16D5 FolR1 TCB , FIGS . 15A - C show FolR1 - TCB induced IL - 2 secretion 
Mov19 FolR1 TCB and DP47 TCB was analyzed by flow inversely correlates with co - expression of PD - 1 and Tim - 3 . 
cytometry . Tumor digests or malignant effusions were cultured for 24 h 
FIGS . 10A - C depict T - cell killing induced by 36F2 TCB , in the presence or absence of Fo1R1 TCB . IL - 2 in the cell 

16D5 TCB , 16D5 TCB classical , 16D5 TCB 1 + 1 and 16D5 20 culture supernatants was determined by ELISA and normal 
TCB HT of Hela ( high FolR1 ) ( FIG . 24A ) , Skov - 3 ( medium ized to the amount of T cells . The FolR1 TCB induced IL - 2 
FolR1 ) ( FIG . 24B ) and HT - 29 ( low FolR1 ) ( FIG . 24C ) secretion was correlated to baseline single- or co - expression 
human tumor cells ( E : T = 10 : 1 , effectors human PBMCs , of the inhibitory receptors PD - 1 and Tim - 3 . 
incubation time 24 h ) . DP47 TCB was included as non FIGS . 16A - F show FolR1 - TCB induced tumor cell killing 
binding control . 25 inversely correlates with co - expression of PD - 1 and Tim - 3 . 

FIGS . 11A - B show expression of inhibitory receptors on Tumor digests or malignant effusions were co - cultured with 
tumor - infiltrating T cells . CD8 + and CD4 + T cells in tumor exogenously added fluorescence labelled Skov3 cells at a T 
samples were characterized by flow cytometry for their cell to target cell ratio of 1 : 1 for 24 h in the presence or 
expression of inhibitory receptors . absence of FolR1 TCB . The FolR1 - TCB specific killing of 

FIGS . 12A - O show activation of CD8 + T cells in tumor 30 the Skov3 cells was determined by flow cytometry by 
digests and malignant effusions upon exposure to FolR1 measuring activated caspase 3 and the live / dead marker 
TCB . Tumor digests or malignant effusions were cultured Live / Dead - near - IR . The specific killing was correlated to 
for 24 h in the presence or absence of FolR1 - TCB or the baseline single or co - expression of the inhibitory receptors 
control TCB DP - 47 . The expression of activation markers or PD - 1 , Tim - 3 and CTLA - 4 . 
markers of T cell function on CD8 + T cells was determined 35 FIGS . 17A - H show activation of tumor - infiltrating CD8 + 
by flow cytometry ( FIG . 12A - M ) . FIG . 12J - K show repre T cells upon exposure to catumaxomab . Tumor digests or 
sentative FACS plots showing FolR1 - TCB - induced T cell malignant effusions were cultured for 24 h in the presence or 
activation in a high responding ( BS - 269 ) or a low respond absence of catumaxomab . ( FIG . 17A - D ) The expression of 
ing patient ( BS - 212 ) . FIG . 12L depicts FACS plots showing activation markers or markers of T cell function on CD8 + T 
FolR1 - TCB - induced activation marker expression in T cells 40 cells was determined by flow cytometry . ( FIG . 17E - H ) 
from a representative patient . The graphs in FIG . 12M depict Graphs showing the baseline expression of inhibitory recep 
the increase in marker expression after FolR1 - TCB treat tors . 
ment with mean and standard deviations . As comparison , FIGS . 18A - R show Catumaxomab - induced T cell activa 
PBMC from healthy donors were co - cultured with the tion inversely correlates with co - expression of inhibitory 
Skov3 tumor cell line and stimulated with FolR1 - TCB . FIG . 45 receptors . Tumor digests or malignant effusions were cul 
12N depicts IFN - Y , IL - 2 , TNF and perforin in the cell culture tured for 24 h in the presence or absence of catumaxomab . 
supernatants as determined by Cytometric Bead Array or T cell activation and effector functions were correlated to the 
ELISA and normalized to the amount of 1x10- CD3 + T - cells expression of PD - 1 ( FIG . 18A - F ) , Tim - 3 ( FIG . 18G - L ) or of 
( IFN - Y , TNF , IL - 2 ) or CD3 + CD8 + T - cells ( perforin ) in the the combination of PD - 1 and Tim - 3 ( FIG . 18M - R ) . 
culture . FIG . 120 shows that FolR1 - TCB - induced tumor 50 FIGS . 19A - H show expression of inhibitory receptors on 
cell killing varies largely in tumor digests and malignant tumor - infiltrating T cells in Non - small cell lung cancer 
effusions . FolR1 positive and negative tumor digests , malig patients . CD8 + and CD4 + T cells in tumor samples were 
nant effusions or PBMCs from healthy donors were co characterized by flow cytometry for their expression of 
cultured with exogenously added fluorescently labeled inhibitory receptors ( FIG . 19A - F ) . 
FolR1 + Skov3 cells at an E : T ratio of 1 : 1 for 24 h in the 55 FIG . 19G shows the gating strategy for one representative 
presence or absence of FolR1 - TCB . The FolR1 - TCB - in donor . FIG . 19H shows results of analysis and heat mapping 
duced specific killing of the Skov3 cells was determined by of indicated cell subsets based on the percentage of expres 
flow cytometry by measuring activated caspase 3 and the sion , with the use of an Excel conditional formatting pro 
live / dead marker LIVE / DEAD® - near - IR . FolR1 - TCB - me gram . 
diated killing was calculated as follows : % specific kill- 60 FIGS . 20A - E show T cell activation and effector functions 
ing = 100 - [ ( % of Skov3 live cells in FolR1 - TCB treated upon polyclonal stimulation by CD3 / CD28 antibodies . 
sample / % of Skov3 live cells in untreated sample ) x100 ] . Expression of CD25 and Granzyme B ( FIG . 20A - B ) as well 
FACS plots show FolR1 - TCB - induced killing in a represen as IL - 2 , IFN - y and TNF - a ( FIG . 20C - E ) as markers for T 
tative patient . The p - values were calculated using the cell activation and effector function , respectively , was ana 
unpaired Mann - Whitney test . 65 lyzed in T cells from digested tumor samples after stimula 

FIGS . 13A - C show that FolR1 - TCB - induced T cell acti tion of whole tumor digests with agonistic CD3 and CD28 
vation shows no correlation with E : T ratio ( FIG . 13A ) or the antibodies . 
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FIGS . 21A - N show expression of inhibitory receptors and expressing CD8 + T cells . Tumor digests or malignant effu 
T cell dysfunction . Expression of CD25 and Granzyme B sions were cultured for 24 h in the presence or absence of 
( FIG . 21A - B ) as well as IL - 2 , IFN - y and TNF - a ( FIG . FolR1 - TCB . IFN - Y , TNF and IL - 2 in the cell culture super 
21C - E ) upon polyclonal stimulation by an anti - CD3 / anti natants was determined and normalized to the amount of 
CD28 antibodies correlates with the cumulative expression 5 1x10 T cells in the culture . The FolR1 - TCB induced 
of inhibitory receptors indicated by the iR Score . FIG . 21F cytokine secretion was correlated to baseline PD - 1hi expres 
shows an exemplary calculation of iR scores . The percent sion . 
age of expression of PD - 1 , Tim - 3 , CTLA - 4 , LAG - 3 and FIGS . 28A - F show that treatment with a PD - 1 blocking 
BTLA was analyzed in all NSCLC samples and the median antibody fails to induce cytokine secretion in tumor digests 
as well as interquartile ranges were determined . For the 10 or malignant effusions from patients with lung and ovarian 
calculation of the iR score each patient received points for cancer with a low percentage of PD - lhi expressing cells . 
the expression of each of the determined inhibitory receptors Tumor digests or malignant effusions were cultured for 24 h 
based on the quartile within which the expression coincided . with FolR1 - TCB in the presence or absence of PD - 1 block 
A maximum of 15 points could be reached ; the calculated ing antibody ( FIG . 28A - C ) or the combination of PD - 1 and 
score of each sample was normalized to this maximum 15 Tim - 3 blocking antibodies ( FIG . 28D - F ) . IFN - Y , TNF and 
amount of points . FIG . 21G - K show expression of inhibitory IL - 2 in the cell culture supernatants was determined and 
receptors increases with tumor stage . Expression of inhibi normalized to the amount of 1x10 % T cells in the culture . The 
tory receptors on CD8 + tumor infiltrating T - cells was cor cytokine secretion induced by the blocking antibodies com 
related to the TNM stage . FIG . 21L - N show increased pared to FolR1 - TCB treatment alone was correlated to 
cumulative expression of inhibitory receptors with tumor 20 baseline PD - 1h expression . 
progression . The cumulative expression of the inhibitory FIGS . 29A - B show results from a FACS based internal 
receptors PD - 1 , Tim - 3 , CTLA - 4 , LAG - 3 and BTLA , as ization assay . The data show that the Fab fragment ( < TIM 
represented by the iR score , was correlated to the nodal 3 > Fab ) of anti - TIM3 antibody Tim3_0022 ( abbreviated as 
status and the TNM stage . < TIM - 3 > Ab ( 022 ) ) internalized into rec CHOK1 cells 
FIGS . 22A - I show expression of PD - 1 and Tim - 3 corre- 25 expressing huTIM - 3 after incubation at 37 ° C. with similar 

lates with T cell dysfunction . Expression of CD25 and kinetic as the antibody in the full IgG format . 
Granzyme B ( FIG . 22A - C ) as well as IL - 2 , IFN - y and FIGS . 30A - B show binding of anti - TIM3 antibodies to 
TNF - a ( FIG . 22D - F ) upon polyclonal stimulation by CD3 / RPMI - 8226 cells ( antibody designation clone 0016 refers to 
CD28 correlates with the expression of PD - 1 ( FIG . 22A - C ) , antibody Tim3_0016 , clone 0016 refers to antibody 
Tim - 3 ( FIG . 22D - F ) or PD - 1 / Tim - 3 ( FIG . 22G - I ) on tumor- 30 Tim3_0016 variant ( antibody Tim3_0018 ) , clone 0022 
infiltrating T cells . refers to antibody Tim3_00122 , etc. ) . FIG . 30B shows 

FIGS . 23A - E show that the effect of PD - 1 or combined binding of anti - TIM3 antibodies to Pfeiffer cells ( antibody 
PD - 1 / Tim - 3 blockade varies between patients . Digests were designation clone 0016 refers antibody Tim3_0016 , clone 
stimulated by agonistic anti - CD3 / anti - CD28 antibodies with 0016 refers to antibody Tim3_0016 variant ( antibody 
the addition of blocking antibodies to PD - 1 alone or in 35 Tim3_0018 ) , clone 0022 refers to antibody Tim3_00122 , 
combination with Tim - 3 . Secretion of IFN - Y , TNF - a and etc. ) . 
IL - 2 was determined by ELISA and normalized to 1x10 T FIG . 31 shows expression level of TIM - 3 on different 
cells . FIG . 23A - C show T cells from a patient where T cell patient AML cell samples by FACS using anti - TIM - 3 mAbs . 
function can be rescued by addition of blocking Abs ( BS FIG . 32 shows a heat map of expression of inhibitory 
268 ) and T cells from a patient with no response to PD - 1 or 40 receptors on NSCLC associated TILs . Co - expression of 
PD - 1 / Tim - 3 blockade . The difference in expression ( [ % inhibitory receptors on tumor - infiltrating CD8 + T - cells posi 
expression Ab treated ] - [ % expression untreated ] ) is shown . tive for the indicated immune checkpoint is shown as a heat 
FIG . 23D shows respective flow cytometry plots with PD - 1 hi map displaying the percentage of expression for the addi 
and PD - 1 int subsets . FIG . 23E shows a summary of IL - 2 , tional receptors . 
TNF - a and IFN - y secretion by T cells from six patients , as 45 FIG . 33 shows a radar plot of expression of inhibitory 
determined by ELISA and normalized to 1x106 CD3 + T cells . receptors on NSCLC associated TILs . Co - expression of 
FIGS . 24A - F show that the effect of PD - 1 or combined inhibitory receptors on tumor - infiltrating CD8 + T - cells posi 

PD - 1 / Tim - 3 blockade differs in PD - 1 hi and PD - 1 int subsets . tive for the indicated immune checkpoint is shown as a radar 
Correlation of the increase in cytokine production by PD - 1 plot indicating the mean expression and standard deviation 
or combined PD - 1 / Tim - 3 blockade with PD - 1 hi and PD - 1int 50 of the four other receptors . 
subsets are indicated by PD - 1hi / PD - 1 int ratio . FIGS . 34A - D show the percentage of PD - 1hi or PD - lint 
FIGS . 25A - I show activation of CD4 + T cells in tumor CD8 + T cells expressing additional immune checkpoints . 

digests and malignant effusions upon exposure to FolR1 Each dot represents one patient samples . The p values were 
TCB . Tumor digests or malignant effusions were cultured calculated using the Wilcoxon rank sum test . 
for 24 h in the presence or absence of FolR1 - TCB or the 55 FIGS . 35A - F show intratumoral T cell inhibitory receptor 
control TCB DP - 47 . The expression of activation markers or expression and T cell function . FIG . 35A shows the gating 
markers of T cell function on CD8 + T cells was determined strategy for identification of PD - 1 " , PD - 1 int , and PD - ineg 
by flow cytometry . CD8 + subsets of T - cells from two representative patients . 

FIGS . 26A - C show FolR1 - TCB induced T cell activation FIG . 35B shows distribution of indicated T cell subsets in 
is independent of CTLA - 4 , Lag - 3 and BTLA expression . 60 the tumor samples analyzed . FIG . 35C shows that T - cell 
Tumor digests or malignant effusions were cultured for 24 h functions induced by anti - CD3 / -CD28 stimulation depend 
in the presence or absence of FolR1 - TCB . The expression of on the PD - 1 expression level of CD8 + T - cells . Tumor digests 
CD25 on CD8 + T cells was determined by flow cytometry . and malignant effusions were cultured for 24 h in the 
The FoR1 - TCB induced expression of CD25 was correlated presence or absence of agonistic anti - CD3 / -CD28 antibod 
to baseline expression of CTLA - 4 , Lag - 3 and BTLA . 65 ies . The increase in the expression of CD25 on CD8 + T - cells 

FIGS . 27A - C show FolR1 - TCB induces cytokine secre ( FIG . 35C ) and the increase in the effector cytokines IFN - Y , 
tion only in patients with a low percentage of PD - 1 " IL - 2 , and TNF ( FIG . 35D ) were determined in PD - 1hi scarce 
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and abundant tumors . p - values were calculated using the light chain variable domain ( VL ) framework or a heavy 
unpaired Mann - Whitney test . Tumor samples were divided chain variable domain ( VH ) framework derived from a 
according to the percentage of PD - 1 " expressing CD8 + cells human immunoglobulin framework or a human consensus 
in two groups with PD - 1 hi scarce and abundant expression , framework , as defined below . An acceptor human frame 
respectively ( FIG . 35E ) . The expression level of the inhibi- 5 work “ derived from ” a human immunoglobulin framework 
tory receptors PD - 1 , Tim - 3 , CTLA - 4 , Lag - 3 , and BTLA was or a human consensus framework may comprise the same determined by flow cytometry on CD8 + T - cells from tumor amino acid sequence thereof , or it may contain amino acid digests or malignant effusions ( Fir . 35F ) . 
FIGS . 36A - E show patterns of inhibitory receptor expres sequence changes . In some embodiments , the number of 

amino acid changes are 10 or less , 9 or less , 8 or less , 7 or sion and percentage of scarce and abundant CD8 + T - cells . 10 less , 6 or less , 5 or less , 4 or less , 3 or less , or 2 or less . In FIG . 36A - D show co - expression of Tim - 3 , CTLA - 4 , Lag - 3 , 
and BTLA on PD - lhi , PD - 1 int , and PD - ineg CD8 + T - cells . some embodiments , the VL acceptor human framework is 
The p - values were calculated using one - way ANOVA with identical in sequence to the VL human immunoglobulin 
Bonferroni post - hoc - test . FIG . 36E : FolR1 + tumor samples framework sequence or human consensus framework 
were divided according to the percentage of PD - 1hi express sequence . 
ing CD8 + cells in two groups with PD - lhi scarce and 15 " Affinity ” refers to the strength of the sum total of 
abundant expression , respectively . noncovalent interactions between a single binding site of a 

FIGS . 37A - H show that FolR1 - TCB - induced T - cell func molecule ( e.g. , an antibody ) and its binding partner ( e.g. , an 
tions depend on the PD - 1 expression level of CD8 + T - cells . antigen ) . Unless indicated otherwise , as used herein , " bind 
FolR1 + tumor digests and malignant effusions were cultured ing affinity ” refers to intrinsic binding affinity which reflects 
for 24 h in the presence or absence of FolR1 - TCB . The 20 a 1 : 1 interaction between members of a binding pair ( e.g. , 
increase in the expression of activation markers on CD8 + antibody and antigen ) . The affinity of a molecule X for its 
T - cells ( FIGS . 37A - C ) and the increase in the effector partner Y can generally be represented by the dissociation 
cytokines IFN - Y , IL - 2 , TNF , and perforin ( FIG . 37D - G ) was constant ( Kd ) . Affinity can be measured by common meth 
determined in PD - 1hi scarce and abundant tumors . FIG . 37H ods known in the art , including those described herein . shows target cell killing . Both FolR1 positive and negative 25 Specific illustrative and exemplary embodiments for mea tumor samples were adjusted by addition of the FolR1 * suring binding affinity are described in the following . 
Skov3 cell line to an E : T ratio of 1 : 1 and killing was An “ affinity matured ” antibody refers to an antibody with compared in PD - 1 int scarce and abundant tumors . p - values 
were calculated using the unpaired Mann - Whitney test . one or more alterations in one or more hypervariable regions 

FIGS . 38A - E show that PD - 1 blockade increases cytokine ( HVRs ) , compared to a parent antibody which does not 
production but not their cytolytic function in T - cells from 30 possess such alterations , such alterations resulting in an 
PD - 1 " i scarce tumors only . FIG . 38A - D : FolR1 + tumor improvement in the affinity of the antibody for antigen . 
digests or malignant effusions were cultured for 24 h with The term " A bispecific antibody that specifically binds 
FolR1 - TCB in the presence or absence of a PD - 1 blocking Folate Receptor1 ( FolR1 ) and CD3 , ” “ T cell activating 
antibody . IFN - Y , IL - 2 , TNF , and perforin in the cell culture bispecific antigen binding molecule specific for FolR1 and 
supernatants were determined by Cytometric Bead Array or 35 CD3 ” and “ FolR1 TCB ” are used interchangeably herein 
ELISA and normalized to the amount of 1x10 - CD3 + T - cells and refer to a bispecific antibody that is capable of binding 
( IFN - Y , IL - 2 , TNF , FIG . 38A - C ) or CD3 + CD8 + T - cells FolR1 and CD3 with sufficient affinity such that the antibody 
( perforin , FIG . 38D ) . The increase in cytokine secretion is useful as a diagnostic and / or therapeutic agent in targeting 
upon combined FolR1 - TCB and anti - PD - 1 treatment com CD3 + T cells to FolR2 + target cells . 
pared with FolR1 - TCB alone was determined in PD - 1 Hi 40 The terms “ anti - TIM3 antibody ” and “ TIM3 antibody ” 
scarce and abundant tumors . FIG . 38E : Tumor digests or are used synonymously herein to refer to an antibody that 
malignant effusions were co - cultured with exogenously specifically binds to TIM3- . An anti - TIM3 antibody 
added fluorescently labeled Skov3 cells at an E : T ratio of 1 : 1 described herein refers to an antibody that is capable of 
for 24 h in the presence or absence of a PD - 1 blocking binding TIM3 , especially a TIM3 polypeptide expressed on 
antibody and FolR1 - TCB . The increase in specific killing by 45 a cell surface , with sufficient affinity such that the antibody the anti - PD - 1 antibody was compared in PD - 1 hi scarce and is useful as a diagnostic and / or therapeutic agent . In one abundant tumors . p - values were calculated using the embodiment , the extent of binding of an antibody that unpaired Mann - Whitney test . 
FIG . 39 shows detailed patient characteristics . specifically binds TIM3 to an unrelated non - TIM3 protein is 
FIGS . 40A - C show activation of CD8 + T - cells upon less than about 10 % of the binding of the antibody to TIM3 

exposure to increasing concentrations of FolR1 - TCB . 50 as measured , e.g. , by a radioimmunoassay ( RIA ) or flow 
PBMCs were co - cultured with Skov3 cells for 24 h in the cytometry ( FACS ) . In certain embodiments , an antibody that 
presence or absence of FolR1 - TCB or the unspecific control specifically binds TIM3 has a dissociation constant ( Kd ) of 
DP - 47 - TCB . FIG . 40A shows the expression of FolR1 on < 1 uM , < 100 nM , < 10 nM , < 1 nM , < 0.1 nM , < 0.01 nM , or 
Skov3 . Shaded histogram : isotype control ; open histogram : < 0.001 nM ( e.g. , 10-8 M or less , e.g. from 10-8 M to 10-13 
anti - FolR1 - antibody . FIG . 40B : The expression of the acti- 55 M , e.g. , from 10 - ' M to 10-13 M ) . In certain embodiments , 
vation markers CD25 , CD137 , and ICOS on CD8 + T - cells an antibody that specifically binds TIM3 binds to an epitope 
was determined by flow cytometry . FIG . 40C : IFN - Y , IL - 2 , of TIM3 that is conserved among DR5 from different 
and TNF in the cell culture supernatants were determined by species . Preferably said antibody binds to human and cyno 
ELISA and normalized to the amount of 1x105 CD3 + T - cells . molgous monkey TIM3 . The term “ An antibody that spe 

60 cifically binds TIM3 ” also encompasses bispecific antibod 
DETAILED DESCRIPTION OF EMBODIMENTS ies that are capable of binding TIM3 and a second antigen . 

OF THE INVENTION The term “ antibody ” herein is used in the broadest sense 
and encompasses various antibody structures , including but 

I. Definitions not limited to monoclonal antibodies , polyclonal antibodies , 
65 multispecific antibodies ( e.g. , bispecific antibodies ) , and 

An “ acceptor human framework ” for the purposes herein antibody fragments so long as they exhibit the desired 
is a framework comprising the amino acid sequence of a antigen - binding activity . 
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An “ antibody fragment ” refers to a molecule other than an chain according to Kabat numbering ) . The term “ N - terminus 
intact antibody that comprises a portion of an intact antibody denotes the last amino acid of the N - terminus . The term 
that binds the antigen to which the intact antibody binds . " C - terminus denotes the last amino acid of the C - terminus . 
Examples of antibody fragments include but are not limited By " fused ” or “ connected ” is meant that the components 
to Fv , Fab , Fab ' , Fab ' - SH , F ( ab ' ) z ; diabodies , cross - Fab 5 ( e.g. a Fab molecule and an Fc domain subunit ) are linked 
fragments ; linear antibodies ; single - chain antibody mol by peptide bonds , either directly or via one or more peptide 
ecules ( e.g. scFv ) ; and multispecific antibodies formed from linkers . 
antibody fragments . scFv antibodies are , e.g. described in The term “ linker ” as used herein refers to a peptide linker 
Houston , J. S. , Methods in Enzymol . 203 ( 1991 ) 46-96 ) . In and is preferably a peptide with an amino acid sequence with 
addition , antibody fragments comprise single chain poly- 10 a length of at least 5 amino acids , preferably with a length 
peptides having the characteristics of a VH domain , namely of 5 to 100 , more preferably of 10 to 50 amino acids . In one 
being able to assemble together with a VL domain , or of a embodiment said peptide linker is ( GS ) n ( SEQ ID NOS 384 
VL domain , namely being able to assemble together with a and 385 ) or ( GS ) , Gm ( SEQ ID NOS 429 and 430 ) with 
VH domain to a functional antigen binding site and thereby G = glycine , S = serine , and ( x = 3 , n = 3 , 4 , 5 or 6 , and m = 0 , 1 , 
providing the antigen binding property of full length anti- 15 2 or 3 ) or ( x = 4 , n = 2 , 3 , 4 or 5 and m = 0 , 1 , 2 or 3 ) , preferably 
bodies . x = 4 and n = 2 or 3 , more preferably with x = 4 , n = 2 . In one 
As used herein , “ Fab fragment ” refers to an antibody embodiment said peptide linker is ( G4S ) 2 ( SEQ ID NO : 

fragment comprising a light chain fragment comprising a 386 ) . The term “ immunoglobulin molecule ” refers to a 
VL domain and a constant domain of a light chain ( CL ) , and protein having the structure of a naturally occurring anti 
a VH domain and a first constant domain ( CHI ) of a heavy 20 body . For example , immunoglobulins of the IgG class are 
chain . In one embodiment the bispecific antibodies of the heterotetrameric glycoproteins of about 150,000 daltons , 
invention comprise at least one Fab fragment , wherein either composed of two light chains and two heavy chains that are 
the variable regions or the constant regions of the heavy and disulfide - bonded . From N- to C - terminus , each heavy chain 
light chain are exchanged . Due to the exchange of either the has a variable region ( VH ) , also called a variable heavy 
variable regions or the constant regions , said Fab fragment 25 domain or a heavy chain variable domain , followed by three 
is also referred to as “ cross - Fab fragment ” or “ xFab frag constant domains ( CH1 , CH2 , and CH3 ) , also called a heavy 
ment ” or “ crossover Fab fragment ” . Two different chain chain constant region . Similarly , from N- to C - terminus , 
compositions of a crossover Fab molecule are possible and each light chain has a variable region ( VL ) , also called a 
comprised in the bispecific antibodies of the invention : On variable light domain or a light chain variable domain , 
the one hand , the variable regions of the Fab heavy and light 30 followed by a constant light ( CL ) domain , also called a light 
chain are exchanged , i.e. the crossover Fab molecule com chain constant region . The heavy chain of an immunoglobu 
prises a peptide chain composed of the light chain variable lin may be assigned to one of five types , called a ( IgA ) , 6 
region ( VL ) and the heavy chain constant region ( CH1 ) , and ( IgD ) , c ( IGE ) , Y ( IgG ) , or u ( IgM ) , some of which may be 
a peptide chain composed of the heavy chain variable region further divided into subtypes , e.g. Yi ( IgG ) , Y2 ( IgG2 ) , Y3 
( VH ) and the light chain constant region ( CL ) . This cross- 35 ( IgGz ) , Y4 ( IgG4 ) , a , ( IgA , ) and a2 ( IgA2 ) . The light chain 
over Fab molecule is also referred to as CrossFab ( VLVH ) . On of an immunoglobulin may be assigned to one of two types , 
the other hand , when the constant regions of the Fab heavy called kappa ( K ) and lambda ( a ) based on the amino acid 
and light chain are exchanged , the crossover Fab molecule sequence of its constant domain . An immunoglobulin essen 
comprises a peptide chain composed of the heavy chain tially consists of two Fab molecules and an Fc domain , 
variable region ( VH ) and the light chain constant region 40 linked via the immunoglobulin hinge region . 
( CL ) , and a peptide chain composed of the light chain An “ antibody that binds to the same epitope ” as a refer 
variable region ( VL ) and the heavy chain constant region ence antibody refers to an antibody that blocks binding of 
( CH1 ) . This crossover Fab molecule is also referred to as the reference antibody to its antigen in a competition assay 
CrossFab Cuchi ) . Bispecific antibody formats comprising by 50 % or more , and conversely , the reference antibody 
crossover Fab fragments have been described , for example , 45 blocks binding of the antibody to its antigen in a competition 
in WO 2009/080252 , WO 2009/080253 , WO 2009/080251 , assay by 50 % or more . An exemplary competition assay is 
WO 2009/080254 , WO 2010/136172 , WO 2010/145792 and provided herein . 
WO 2013/026831 . The term “ antigen binding domain ” refers to the part of an 
A “ single chain Fab fragment " or " scFab ” is a polypeptide antigen binding molecule that comprises the area which 

consisting of an antibody heavy chain variable domain 50 specifically binds to and is complementary to part or all of 
( VH ) , an antibody constant domain 1 ( CHI ) , an antibody an antigen . Where an antigen is large , an antigen binding 
light chain variable domain ( VL ) , an antibody light chain molecule may only bind to a particular part of the antigen , 
constant domain ( CL ) and a linker , wherein said antibody which part is termed an epitope . An antigen binding domain 
domains and said linker have one of the following orders in may be provided by , for example , one or more antibody 
N - terminal to C - terminal direction : 55 variable domains ( also called antibody variable regions ) . 

a ) VH - CH1 - linker - VL - CL , b ) VL - CL - linker - VH Preferably , an antigen binding domain comprises an anti 
CH1 , c ) VH - CL - linker - VL - CH1 or d ) VL - CH1 - linker - VH body light chain variable region ( VL ) and an antibody heavy 
CL ; and wherein said linker is a polypeptide of at least 30 chain variable region ( VH ) . 
amino acids , preferably between 32 and 50 amino acids . The term “ chimeric ” antibody refers to an antibody in 
Said single chain Fab fragments a ) VH - CH1 - linker - VL- 60 which a portion of the heavy and / or light chain is derived 
CL , b ) VL - CL - linker - VH - CH1 , c ) VH - CL - linker - VL - CH1 from a particular source or species , while the remainder of 
and d ) VL - CH1 - linker - VH - CL , are stabilized via the natural the heavy and / or light chain is derived from a different 
disulfide bond between the CL domain and the CHI domain . source or species , usually prepared by recombinant DNA 
In addition , these single chain Fab molecules might be techniques . Chimeric antibodies comprising a rabbit vari 
further stabilized by generation of interchain disulfide bonds 65 able region and a human constant region are preferred . Other 
via insertion of cysteine residues ( e.g. position 44 in the preferred forms of “ chimeric antibodies ” encompassed by 
variable heavy chain and position 100 in the variable light the present invention are those in which the constant region 
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has been modified or changed from that of the original may include site - directed mutagenesis , PCR , gene synthesis 
antibody to generate the properties according to the inven and the like . It is contemplated that methods of altering the 
tion , especially in regard to Clq binding and / or Fc receptor side chain group of an amino acid by methods other than 
( FcR ) binding . Such chimeric antibodies are also referred to genetic engineering , such as chemical modification , may 
as “ class - switched antibodies ” . Chimeric antibodies are the 5 also be useful . Various designations may be used herein to product of expressed immunoglobulin genes comprising indicate the same amino acid mutation . For example , a DNA segments encoding immunoglobulin variable regions substitution from proline at position 329 of the Fc domain to and DNA segments encoding immunoglobulin constant glycine can be indicated as 329G , G329 , G329 , P329G , or regions . Methods for producing chimeric antibodies involve Pro329Gly . 
conventional recombinant DNA and gene transfection tech- 10 An “ effective amount ” of an agent , e.g. , a pharmaceutical niques are well known in the art . See e.g. Morrison , S. L. , 
et al . , Proc . Natl . Acad . Sci . USA 81 ( 1984 ) 6851-6855 ; U.S. formulation , refers to an amount effective , at dosages and for 
Pat . Nos . 5,202,238 and 5,204,244 . periods of time necessary , to achieve the desired therapeutic 
The term " cytotoxic agent ” as used herein refers to a or prophylactic result . 

substance that inhibits or prevents a cellular function and / or 15 The term “ Fc domain ” or “ Fc region ” herein is used to 
causes cell death or destruction . Cytotoxic agents include , define a C - terminal region of an immunoglobulin heavy 
but are not limited to , radioactive isotopes ( e.g. , At211 , 1131 , chain that contains at least a portion of the constant region . 
1125 , Yºo , Re186 , Re188 , Sm153 , Bi212 , P32 , and radio The term includes native sequence Fc regions and variant Fc 
active isotopes of Lu ) ; chemotherapeutic agents or drugs regions . Although the boundaries of the Fc region of an IgG 
( e.g. , methotrexate , adriamicin , vinca alkaloids ( vincristine , 20 heavy chain might vary slightly , the human IgG heavy chain 
vinblastine , etoposide ) , doxorubicin , melphalan , mitomycin Fc region is usually defined to extend from Cys226 , or from 
C , chlorambucil , daunorubicin or other intercalating agents ) ; Pro230 , to the carboxyl - terminus of the heavy chain . How 
growth inhibitory agents ; enzymes and fragments thereof ever , the C - terminal lysine ( Lys447 ) of the Fc region may or 
such as nucleolytic enzymes ; antibiotics ; toxins such as may not be present . Unless otherwise specified herein , 
small molecule toxins or enzymatically active toxins of 25 numbering of amino acid residues in the Fc region or 
bacterial , fungal , plant or animal origin , including fragments constant region is according to the EU numbering system , 
and / or variants thereof ; and the various antitumor or anti also called the EU index , as described in Kabat et al . , 
cancer agents disclosed below . Sequences of Proteins of Immunological Interest , 5th Ed . 

“ Effector functions ” refer to those biological activities Public Health Service , National Institutes of Health , 
attributable to the Fc region of an antibody , which vary with 30 Bethesda , Md . , 1991. A “ subunit ” of an Fc domain as used 
the antibody isotype . Examples of antibody effector func herein refers to one of the two polypeptides forming the 
tions include : Clq binding and complement dependent cyto dimeric Fc domain , i.e. a polypeptide comprising C - terminal 
toxicity ( CDC ) ; Fc receptor binding ; antibody - dependent constant regions of an immunoglobulin heavy chain , capable 
cell - mediated cytotoxicity ( ADCC ) ; antibody - dependent of stable self - association . For example , a subunit of an IgG 
cellular phagocytosis ( ADCP ) , cytokine secretion , immune 35 Fc domain comprises an IgG CH2 and an IgG CH3 constant 
complex - mediated antigen uptake by antigen presenting domain . 
cells ; down regulation of cell surface receptors ( e.g. B cell A “ modification promoting the association of the first and 
receptor ) ; and B cell activation . the second subunit of the Fc domain ” is a manipulation of 
As used herein , the terms " engineer , engineered , engi the peptide backbone or the post - translational modifications 

neering ” , are considered to include any manipulation of the 40 of an Fc domain subunit that reduces or prevents the 
peptide backbone or the post - translational modifications of association of a polypeptide comprising the Fc domain 
a naturally occurring or recombinant polypeptide or frag subunit with an identical polypeptide to form a homodimer . 
ment thereof . Engineering includes modifications of the A modification promoting association as used herein par 
amino acid sequence , of the glycosylation pattern , or of the ticularly includes separate modifications made to each of the 
side chain group of individual amino acids , as well as 45 two Fc domain subunits desired to associate ( i.e. the first and 
combinations of these approaches . the second subunit of the Fc domain ) , wherein the modifi 

The term “ amino acid mutation ” as used herein is meant cations are complementary to each other so as to promote 
to encompass amino acid substitutions , deletions , insertions , association of the two Fc domain subunits . For example , a 
and modifications . Any combination of substitution , dele modification promoting association may alter the structure 
tion , insertion , and modification can be made to arrive at the 50 or charge of one or both of the Fc domain subunits so as to 
final construct , provided that the final construct possesses make their association sterically or electrostatically favor 
the desired characteristics , e.g. , reduced binding to an Fc able , respectively . Thus , ( hetero ) dimerization 
receptor , or increased association with another peptide . between a polypeptide comprising the first Fc domain sub 
Amino acid sequence deletions and insertions include unit and a polypeptide comprising the second Fc domain 
amino- and / or carboxy - terminal deletions and insertions of 55 subunit , which might be non - identical in the sense that 
amino acids . Particular amino acid mutations are amino acid further components fused to each of the subunits ( e.g. 
substitutions . For the purpose of altering e.g. the binding antigen binding moieties ) are not the same . In some embodi 
characteristics of an Fc region , non - conservative amino acid ments the modification promoting association comprises an 
substitutions , i.e. replacing one amino acid with another amino acid mutation in the Fc domain , specifically an amino 
amino acid having different structural and / or chemical prop- 60 acid substitution . In a particular embodiment , the modifica 
erties , are particularly preferred . Amino acid substitutions tion promoting association comprises a separate amino acid 
include replacement by non - naturally occurring amino acids mutation , specifically an amino acid substitution , in each of 
or by naturally occurring amino acid derivatives of the the two subunits of the Fc domain . 
twenty standard amino acids ( e.g. 4 - hydroxyproline , " Framework " or " FR ” refers to variable domain residues 
3 - methylhistidine , ornithine , homoserine , 5 - hydroxylysine ) . 65 other than hypervariable region ( HVR ) residues . The FR of 
Amino acid mutations can be generated using genetic or a variable domain generally consists of four FR domains : 
chemical methods well known in the art . Genetic methods FR1 , FR2 , FR3 , and FR4 . Accordingly , the HVR and FR 

occurs 
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sequences generally appear in the following sequence in VH to those of a non - human antibody , and all or substantially all 
( or VL ) : FR1 - H1 ( L1 ) -FR2 - H2 ( L2 ) -FR3 - H3 ( L3 ) -FR4 . of the FRs correspond to those of a human antibody . A 
The terms “ full length antibody , ” “ intact antibody , " and humanized antibody optionally may comprise at least a 

“ whole antibody ” are used herein interchangeably to refer to portion of an antibody constant region derived from a human 
an antibody having a structure substantially similar to a 5 antibody . A “ humanized form ” of an antibody , e.g. , a non 
native antibody structure or having heavy chains that contain human antibody , refers to an antibody that has undergone 
an Fc region as defined herein . humanization . Other forms of " humanized antibodies " 

The terms " host cell , " " host cell line , " and " host cell encompassed by the present invention are those in which the 
culture ” are used interchangeably and refer to cells into constant region has been additionally modified or changed 
which exogenous nucleic acid has been introduced , includ- 10 from that of the original antibody to generate the properties 
ing the progeny of such cells . Host cells include “ transfor according to the invention , especially in regard to Clq 
mants ” and “ transformed cells , ” which include the primary binding and / or Fc receptor ( FcR ) binding . 
transformed cell and progeny derived therefrom without The term “ hypervariable region ” or “ HVR , ” as used 
regard to the number of passages . Progeny may not be herein refers to each of the regions of an antibody variable 
completely identical in nucleic acid content to a parent cell , 15 domain which are hypervariable in sequence and / or form 
but may contain mutations . Mutant progeny that have the structurally defined loops ( “ hypervariable loops " ) . Gener 
same function or biological activity as screened or selected ally , native four - chain antibodies comprise six HVRs ; three 
for in the originally transformed cell are included herein . in the VH ( H1 , H2 , H3 ) , and three in the VL ( L1 , L2 , L3 ) . 
A “ human antibody ” is one which possesses an amino HVRs generally comprise amino acid residues from the 

acid sequence which corresponds to that of an antibody 20 hypervariable loops and / or from the " complementarity 
produced by a human or a human cell or derived from a determining regions ” ( CDRs ) , the latter being of highest 
non - human source that utilizes human antibody repertoires sequence variability and / or involved in antigen recognition . 
or other human antibody - encoding sequences . This defini Exemplary hypervariable loops occur at amino acid residues 
tion of a human antibody specifically excludes a humanized 26-32 ( L1 ) , 50-52 ( L2 ) , 91-96 ( L3 ) , 26-32 ( H1 ) , 53-55 ( H2 ) , 
antibody comprising non - human antigen - binding residues . 25 and 96-101 ( H3 ) . ( Chothia and Lesk , J. Mol . Biol . 196 : 901 
As also mentioned for chimeric and humanized antibodies 917 ( 1987 ) . ) Exemplary CDRs ( CDR - L1 , CDR - L2 , CDR 
according to the invention the term “ human antibody ” as L3 , CDR - H1 , CDR - H2 , and CDR - H3 ) occur at amino acid 
used herein also comprises such antibodies which are modi residues 24-34 of L1 , 50-56 of L2 , 89-97 of L3 , 31-35B of 
fied in the constant region to generate the properties accord H1 , 50-65 of H2 , and 95-102 of H3 . ( Kabat et al . , Sequences 
ing to the invention , especially in regard to Clq binding 30 of Proteins of Immunological Interest , 5th Ed . Public 
and / or FcR binding , e.g. by “ class switching ” i.e. change or Health Service , National Institutes of Health , Bethesda , Md . 
mutation of Fc parts ( e.g. from IgG , to IgG4 and / or IgG , ( 1991 ) . ) Hypervariable regions ( HVRs ) are also referred to 
IgG , mutation . ) as complementarity determining regions ( CDRs ) , and these 

The term “ recombinant human antibody ” , as used herein , terms are used herein interchangeably in reference to por 
is intended to include all human antibodies that are prepared , 35 tions of the variable region that form the antigen binding 
expressed , created or isolated by recombinant means , such regions . This particular region has been described by Kabat 
as antibodies isolated from a host cell such as a NSO or CHO et al . , U.S. Dept. of Health and Human Services , “ Sequences 
cell or from an animal ( e.g. a mouse ) that is transgenic for of Proteins of Immunological Interest ” ( 1983 ) and by 
human immunoglobulin genes or antibodies expressed using Chothia et al . , J. Mol . Biol . 196 : 901-917 ( 1987 ) , where the 
a recombinant expression vector transfected into a host cell . 40 definitions include overlapping or subsets of amino acid 
Such recombinant human antibodies have variable and con residues when compared against each other . Nevertheless , 
stant regions in a rearranged form . The recombinant human application of either definition to refer to a CDR of an 
antibodies according to the invention have been subjected to antibody or variants thereof is intended to be within the 
in vivo somatic hypermutation . Thus , the amino acid scope of the term as defined and used herein . The appro 
sequences of the VH and VL regions of the recombinant 45 priate amino acid residues which encompass the CDRs as 
antibodies are sequences that , while derived from and defined by each of the above cited references are set forth 
related to human germ line VH and VL sequences , may not below in Table A as a comparison . The exact residue 
naturally exist within the human antibody germ line reper numbers which encompass a particular CDR will vary 
toire in vivo . depending on the sequence and size of the CDR . Those 
A “ human consensus framework ” is a framework which 50 skilled in the art can routinely determine which residues 

represents the most commonly occurring amino acid resi comprise a particular CDR given the variable region amino 
dues in a selection of human immunoglobulin VL or VH acid sequence of the antibody . 
framework sequences . Generally , the selection of human 
immunoglobulin VL or VH sequences is from a subgroup of TABLE A 
variable domain sequences . Generally , the subgroup of 55 
sequences is a subgroup as in Kabat et al . , Sequences of CDR Definitions 

Proteins of Immunological Interest , Fifth Edition , NIH Pub Chothia AbM ? 
lication 91-3242 , Bethesda Md . ( 1991 ) , vols . 1-3 . In one 
embodiment , for the VL , the subgroup is subgroup kappa I VH CDR1 
as in Kabat et al . , supra . In one embodiment , for the VH , the 60 Vy CDR2 

Vy CDR3 subgroup is subgroup III as in Kabat et al . , supra . V CDR1 
A “ humanized ” antibody refers to a chimeric antibody VL CDR2 

comprising amino acid residues from non - human HVRs and VL CDR3 
amino acid residues from human FRs . In certain embodi ' Numbering of all CDR definitions in Table A is according to the numbering conventions 
ments , a humanized antibody will comprise substantially all 65 set forth by Kabat et al . ( see below ) . 2 “ AbM ” with a lowercase “ b ” as used in Table A refers to the CDRs as defined by Oxford of at least one , and typically two , variable domains , in which Molecular's " AbM ” antibody modeling software . 
all or substantially all of the HVRs ( e.g. , CDRs ) correspond 

CDR Kabat 

31-35 
50-65 
95-102 
24-34 
50-56 
89-97 

26-32 
52-58 
95-102 
26-32 
50-52 
91-96 

26-35 
50-58 
95-102 
24-34 
50-56 
89-97 
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Kabat et al . also defined a numbering system for variable different antibodies directed against different determinants 
region sequences that is applicable to any antibody . One of ( epitopes ) , each monoclonal antibody of a monoclonal anti 
ordinary skill in the art can unambiguously assign this body preparation is directed against a single determinant on 
system of “ Kabat numbering ” to any variable region an antigen . Thus , the modifier “ monoclonal ” indicates the 
sequence , without reliance on any experimental data beyond 5 character of the antibody as being obtained from a substan 
the sequence itself . As used herein , “ Kabat numbering " tially homogeneous population of antibodies , and is not to be 
refers to the numbering system set forth by Kabat et al . , U.S. construed as requiring production of the antibody by any 
Dept. of Health and Human Services , “ Sequence of Proteins particular method . For example , the monoclonal antibodies of Immunological Interest " ( 1983 ) . Unless otherwise speci to be used in accordance with the present invention may be fied , references to the numbering of specific amino acid 10 made by a variety of techniques , including but not limited to residue positions in an antibody variable region are accord 
ing to the Kabat numbering system . the hybridoma method , recombinant DNA methods , phage 

With the exception of CDR1 in VH , CDRs generally display methods , and methods utilizing transgenic animals 
comprise the amino acid residues that form the hypervari containing all or part of the human immunoglobulin loci , 
able loops . CDRs also comprise “ specificity determining 15 such methods and other exemplary methods for making 
residues , ” or “ SDRs , ” which are residues that contact anti monoclonal antibodies being described herein . 
gen . SDRs are contained within regions of the CDRs called A “ naked antibody ” refers to an antibody that is not 
abbreviated - CDRs , a - CDRs . Exemplary a - CDRs conjugated to a heterologous moiety ( e.g. , a cytotoxic moi 
( a - CDR - L1 , a - CDR - L2 , a - CDR - L3 , a - CDR - H1 , a - CDR - H2 , ety ) or radiolabel . The naked antibody may be present in a 
and a - CDR - H3 ) occur at amino acid residues 31-34 of Li , 20 pharmaceutical formulation . 
50-55 of L2 , 89-96 of L3 , 31-35B of H1 , 50-58 of H2 , and “ Native antibodies ” refer to naturally occurring immuno 
95-102 of H3 . ( See Almagro and Fransson , Front . Biosci . globulin molecules with varying structures . For example , 
13 : 1619-1633 ( 2008 ) . ) Unless otherwise indicated , HVR native IgG antibodies are heterotetrameric glycoproteins of 
residues and other residues in the variable domain ( e.g. , FR about 150,000 daltons , composed of two identical light 
residues ) are numbered herein according to Kabat et al . , 25 chains and two identical heavy chains that are disulfide 
supra . bonded . From N- to C - terminus , each heavy chain has a 
An “ immunoconjugate ” is an antibody conjugated to one variable region ( VH ) , also called a variable heavy domain or 

or more heterologous molecule ( s ) , including but not limited a heavy chain variable domain , followed by three constant 
to a cytotoxic agent . domains ( CH1 , CH2 , and CH3 ) . Similarly , from N- to 
An “ individual ” or “ subject ” is a mammal . Mammals 30 C - terminus , each light chain has a variable region ( VL ) , also 

include , but are not limited to , domesticated animals ( e.g. , called a variable light domain or a light chain variable 
cows , sheep , cats , dogs , and horses ) , primates ( e.g. , humans domain , followed by a constant light ( CL ) domain . The light 
and non - human primates such as monkeys ) , bits , and chain of an antibody may be assigned to one of two types , 
rodents ( e.g. , mice and rats ) . In certain embodiments , the called kappa ( K ) and lambda a ) , based on the amino acid 
individual or subject is a human . 35 sequence of its constant domain . 
An “ isolated ” antibody is one which has been separated A “ blocking ” antibody or an “ antagonist ” antibody is one 

from a component of its natural environment . In some that inhibits or reduces a biological activity of the antigen it 
embodiments , an antibody is purified to greater than 95 % or binds . In some embodiments , blocking antibodies or antago 
99 % purity as determined by , for example , electrophoretic nist antibodies substantially or completely inhibit the bio 
( e.g. , SDS - PAGE , isoelectric focusing ( IEF ) , capillary elec- 40 logical activity of the antigen . For example , the anti - PD - L1 
trophoresis ) or chromatographic ( e.g. , ion exchange or antibodies of the invention block the signaling through PD - 1 
reverse phase HPLC ) . For review of methods for assessment so as to restore a functional response by T - cells ( e.g. , 
of antibody purity , see , e.g. , Flatman et al . , J. Chromatogr . proliferation , cytokine production , target cell killing ) from a 
B 848 : 79-87 ( 2007 ) . dysfunctional state to antigen stimulation . 
An “ isolated ” nucleic acid refers to a nucleic acid mol- 45 An “ agonist " or activating antibody is one that enhances 

ecule that has been separated from a component of its natural or initiates signaling by the antigen to which it binds . In 
environment . An isolated nucleic acid includes a nucleic some embodiments , agonist antibodies cause or activate 
acid molecule contained in cells that ordinarily contain the signaling without the presence of the natural ligand . 
nucleic acid molecule , but the nucleic acid molecule is The term “ package insert ” is used to refer to instructions 
present extrachromosomally or at a chromosomal location 50 customarily included in commercial packages of therapeutic 
that is different from its natural chromosomal location . products , that contain information about the indications , 

" Isolated nucleic acid encoding a bispecific antibody that usage , dosage , administration , combination therapy , con 
specifically binds DR5 and FAP antibody ” refers to one or traindications and / or warnings concerning the use of such 
more nucleic acid molecules encoding antibody heavy and therapeutic products . 
light chains ( or fragments thereof ) , including such nucleic 55 “ No substantial cross - reactivity ” means that a molecule 
acid molecule ( s ) in a single vector or separate vectors , and ( e.g. , an antibody ) does not recognize or specifically bind an 
such nucleic acid molecule ( s ) present at one or more loca antigen different from the actual target antigen of the mol 
tions in a host cell . ecule ( e.g. an antigen closely related to the target antigen ) , 

The term “ monoclonal antibody ” as used herein refers to particularly when compared to that target antigen . For 
an antibody obtained from a population of substantially 60 example , an antibody may bind less than about 10 % to less 
homogeneous antibodies , i.e. , the individual antibodies than about 5 % to an antigen different from the actual target 
comprising the population are identical and / or bind the same antigen , or may bind said antigen different from the actual 
epitope , except for possible variant antibodies , e.g. , contain target antigen at an amount consisting of less than about 
ing naturally occurring mutations or arising during produc 10 % , 9 % , 8 % 7 % , 6 % , 5 % , 4 % , 3 % , 2 % , 1 % , 0.5 % , 0.2 % , 
tion of a monoclonal antibody preparation , such variants 65 or 0.1 % , preferably less than about 2 % , 1 % , or 0.5 % , and 
generally being present in minor amounts . In contrast to most preferably less than about 0.2 % or 0.1 % antigen 
polyclonal antibody preparations , which typically include different from the actual target antigen . 
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“ Percent ( % ) amino acid sequence identity ” with respect enhance T - cell function { e.g. , proliferation , cytokine pro 
to a reference polypeptide sequence is defined as the per duction , target cell killing ) . As used herein , a PD - 1 axis 
centage of amino acid residues in a candidate sequence that binding antagonist includes a PD - 1 binding antagonist , a 
are identical with the amino acid residues in the reference PD - L1 binding antagonist and a PD - L2 binding antagonist . 
polypeptide sequence , after aligning the sequences and 5 The term “ PD - 1 binding antagonists ” is a molecule that 
introducing gaps , if necessary , to achieve the maximum decreases , blocks , inhibits , abrogates or interferes with sig 
percent sequence identity , and not considering any conser nal transduction resulting from the interaction of PD - 1 with 
vative substitutions as part of the sequence identity . Align one or more of its binding partners , such as PD - L1 , PD - L2 . 
ment for purposes of determining percent amino acid In some embodiments , the PD - 1 binding antagonist is a 
sequence identity can be achieved in various ways that are 10 molecule that inhibits the binding of PD - 1 to its binding 
within the skill in the art , for instance , using publicly partners . In a specific aspect , the PD - 1 binding antagonist 
available computer software such as BLAST , BLAST - 2 , inhibits the binding of PD - 1 to PD - L1 and / or PD - L2 . For 
ALIGN or Megalign ( DNASTAR ) software . Those skilled example , PD - 1 binding antagonists include anti - PD - 1 anti 
in the art can determine appropriate parameters for aligning bodies , antigen binding fragments thereof , immunoadhesins , 
sequences , including any algorithms needed to achieve 15 fusion proteins , oligopeptides and other molecules that 
maximal alignment over the full length of the sequences decrease , block , inhibit , abrogate or interfere with signal 
being compared . For purposes herein , however , % amino transduction resulting from the interaction of PD - 1 with 
acid sequence identity values are generated using the PD - L1 and / or PD - L2 . In one embodiment , a PD - 1 binding 
sequence comparison computer program ALIGN - 2 . The antagonist reduces the negative co - stimulatory signal medi 
ALIGN - 2 sequence comparison computer program was 20 ated by or through cell surface proteins expressed on T 
authored by Genentech , Inc. , and the source code has been lymphocytes mediated signaling through PD - 1 so as render 
filed with user documentation in the U.S. Copyright Office , a dysfunctional T - cell less dysfunctional ( e.g. , enhancing 
Washington D.C. , 20559 , where it is registered under U.S. effector responses to antigen recognition ) . In some embodi 
Copyright Registration No. TXU510087 . The ALIGN - 2 ments , the PD - 1 binding antagonist is an anti - PD - 1 antibody . 
program is publicly available from Genentech , Inc. , South 25 In a specific aspect , a PD - 1 binding antagonist is MDX - 1106 
San Francisco , Calif . , or may be compiled from the source described herein . In another specific aspect , a PD - 1 binding 
code . The ALIGN - 2 program should be compiled for use on antagonist is Merck 3745 described herein . In another spe 
a UNIX operating system , including digital UNIX V4.0D . cific aspect , a PD - 1 binding antagonist is CT - 01 1 described 
All sequence comparison parameters are set by the herein . 
ALIGN - 2 program and do not vary . The term “ PD - L1 binding antagonists ” is a molecule that 

In situations where ALIGN - 2 is employed for amino acid decreases , blocks , inhibits , abrogates or interferes with sig 
sequence comparisons , the % amino acid sequence identity nal transduction resulting from the interaction of PD - L1 
of a given amino acid sequence A to , with , or against a given with either one or more of its binding partners , such as PD - 1 , 
amino acid sequence B ( which can alternatively be phrased B7-1 . In some embodiments , a PD - L1 binding antagonist is 
as a given amino acid sequence A that has or comprises a 35 a molecule that inhibits the binding of PD - L 1 to its binding 
certain % amino acid sequence identity to , with , or against partners . In a specific aspect , the PD - L1 binding antagonist 
a given amino acid sequence B ) is calculated as follows : inhibits binding of PD - L1 to PD - 1 and / or B7-1 . In some 

embodiments , the PD - L1 binding antagonists include anti 100 times the fraction X / Y PD - L1 antibodies , antigen binding fragments thereof , 
where X is the number of amino acid residues scored as 40 immunoadhesins , fusion proteins , oligopeptides and other 
identical matches by the sequence alignment program molecules that decrease , block , inhibit , abrogate or interfere 
ALIGN - 2 in that program’s alignment of A and B , and with signal transduction resulting from the interaction of 
where Y is the total number of amino acid residues in B. It PD - L1 with one or more of its binding partners , such as 
will be appreciated that where the length of amino acid PD - 1 , B7-1 . In one embodiment , a PD - L1 binding antago 
sequence A is not equal to the length of amino acid sequence 45 nist reduces the negative co - stimulatory signal mediated by 
B , the % amino acid sequence identity of A to B will not or through cell surface proteins expressed on T lymphocytes 
equal the % amino acid sequence identity of B to A. Unless mediated signaling through PD - L 1 so as to render a 
specifically stated otherwise , all % amino acid sequence dysfunctional T - cell less dysfunctional ( e.g. , enhancing 
identity values used herein are obtained as described in the effector responses to antigen recognition ) . In some embodi 
immediately preceding paragraph using the ALIGN - 2 com- 50 ments , a PD - L1 binding antagonist is an anti - PD - L1 anti 
puter program . body . In a specific aspect , an anti - PD - L1 antibody is 

The term “ pharmaceutical formulation ” refers to a prepa W / 243.55.870 described herein . In another specific aspect , 
ration which is in such form as to permit the biological an anti - PD - L1 antibody is MDX - 1 105 described herein . In 
activity of an active ingredient contained therein to be still another specific aspect , an anti - PD - L1 antibody is 
effective , and which contains no additional components 55 MPDL3280A described herein . 
which are unacceptably toxic to a subject to which the The term “ PD - L2 binding antagonists ” is a molecule that 
formulation would be administered . decreases , blocks , inhibits , abrogates or interferes with sig 
A “ pharmaceutically acceptable carrier ” refers to an nal transduction resulting from the interaction of PD - L2 

ingredient in a pharmaceutical formulation , other than an with either one or more of its binding partners , such as PD - 1 . 
active ingredient , which is nontoxic to a subject . A pharma- 60 In some embodiments , a PD - L2 binding antagonist is a 
ceutically acceptable carrier includes , but is not limited to , molecule that inhibits the binding of PD - L2 to its binding 
a buffer , excipient , stabilizer , or preservative . partners . In a specific aspect , the PD - L2 binding antagonist 

The term “ PD - 1 axis binding antagonist ” is a molecule inhibits binding of PD - L2 to PD - 1 . In some embodiments , 
that inhibits the interaction of a PD - 1 axis binding partner the PD - L2 antagonists include anti - PD - L2 antibodies , anti 
with either one or more of its binding partner , so as to 65 gen binding fragments thereof , immunoadhesins , fusion 
remove T - cell dysfunction resulting from signaling on the proteins , oligopeptides and other molecules that decrease , 
PD - 1 signaling axis with a result being to restore or block , inhibit , abrogate or interfere with signal transduction 
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resulting from the interaction of PD - L2 with either one or latory cytokines ) as well as cell intrinsic negative regulatory 
more of its binding partners , such as PD - 1 . In one embodi ( costimulatory ) pathways ( PD - 1 , B7 - H3 , B7 - H4 , etc. ) . 
ment , a PD - L2 binding antagonist reduces the negative “ Enhancing T - cell function ” means to induce , cause or 
co - stimulatory signal mediated by or through cell surface stimulate a T - cell to have a sustained or amplified biological 
proteins expressed on T lymphocytes mediated signaling 5 function , or renew or reactivate exhausted or inactive 
through PD - L2 so as render a dysfunctional T - cell less T - cells . Examples of enhancing T - cell function include : 
dysfunctional ( e.g. , enhancing effector responses to antigen increased secretion of y - interferon from CD8 + T - cells , 
recognition ) . In some embodiments , a PD - L2 binding increased proliferation , increased antigen responsiveness 
antagonist is an immunoadhesin . ( e.g. , viral , pathogen , or tumor clearance ) relative to such 
A “ PD - 1 oligopeptide ” “ PD - L1 oligopeptide ” or “ PD - L2 10 levels before the intervention . In one embodiment , the level 

of enhancement is as least 50 % , alternatively 60 % , 70 % , oligopeptide " is an oligopeptide that binds , preferably spe 80 % , 90 % , 100 % , 120 % , 150 % , 200 % . The manner of cifically , to a PD - 1 , PD - L1 or PD - L2 negative costimulatory measuring this enhancement is known to one of ordinary polypeptide , respectively , including a receptor , ligand or skill in the art . signaling component , respectively , as described herein . Such “ Tumor immunity ” refers to the process in which tumors oligopeptides may be chemically synthesized using known evade immune recognition and clearance . Thus , as a thera oligopeptide synthesis methodology or may be prepared and peutic concept , tumor immunity is “ treated ” when such 
purified using recombinant technology . Such oligopeptides evasion is attenuated , and the tumors are recognized and 
are usually at least about 5 amino acids in length , alterna attacked by the immune system . Examples of tumor recog 
tively at least about 6 , 7 , 8 , 9 , 10 , 11 , 12 , 13 , 14 , 15 , 16 , 17 , 20 nition include tumor binding , tumor shrinkage and tumor 
18 , 19 , 20 , 21 , 22 , 23 , 24 , 25 , 26 , 27 , 28 , 29 , 30 , 31 , 32 , 33 , clearance . [ 0046 ] “ Immunogenecity ” refers to the ability of 
34 , 35 , 36 , 37 , 38 , 39 , 40 , 41 , 42 , 43 , 44 , 45 , 46 , 47 , 48 , 49 , a particular substance to provoke an immune response . 
50 , 51 , 52 , 53 , 54 , 55 , 56 , 57 , 58 , 59 , 60 , 61 , 62 , 63 , 64 , 65 , Tumors are immunogenic and enhancing tumor immunoge 
66 , 67 , 68 , 69 , 70 , 71 , 72 , 73 , 74 , 75 , 76 , 77 , 78 , 79 , 80 , 81 , nicity aids in the clearance of the tumor cells by the immune 
82 , 83 , 84 , 85 , 86 , 87 , 88 , 89 , 90 , 91 , 92 , 93 , 94 , 95 , 96 , 97 , 25 response . Examples of enhancing tumor immunogenicity 
98 , 99 , or 100 amino acids in length or more . Such oligo include treatment with anti - PDL antibodies and a ME inhibi 
peptides may be identified using well known techniques . In 
this regard , it is noted that techniques for screening oligo “ Sustained response ” refers to the sustained effect on 
peptide libraries for oligopeptides that are capable of spe reducing tumor growth after cessation of a treatment . For 
cifically binding to a polypeptide target are well known in 30 example , the tumor size may remain to be the same or 
the art ( see , e.g. , U.S. Pat . Nos . 5,556,762 , 5,750,373 , smaller as compared to the size at the beginning of the 
4,708,871 , 4,833,092 , 5,223,409 , 5,403,484 , 5,571,689 , administration phase . In some embodiments , the sustained 
5,663,143 ; PCT Publication Nos . WO 84/03506 and W084 / response has a duration at least the same as the treatment 
03564 ; Geysen et al . , Proc . Natl . Acad . Sci . U.S.A. , duration , at least 1.5x , 2. OX , 2.5x , or 3. OX length of the 
81 : 3998-4002 ( 1984 ) ; Geysen et al , Proc . Natl . Acad . Sci . 35 treatment duration . 
U.S.A. , 82 : 178-182 ( 1985 ) ; Geysen et al , in Synthetic The term “ Fibroblast activation protein ( FAP ) ” , as used 
Peptides as Antigens , 130-149 ( 1986 ) ; Geysen et al . , J. herein , refers to any native FAP from any vertebrate source , 
Immunol . Metk , 102 : 259-274 ( 1987 ) ; Schoofs et al . , J. including mammals such as primates ( e.g. humans ) and 
Immunol . , 140 : 611-616 ( 1988 ) , Cwirla , S. E. et al . Proc . rodents ( e.g. , mice and rats ) , unless otherwise indicated . The 
Natl . Acad . Sci . USA , 87 : 6378 ( 1990 ) ; Lowman , H. B. et al . 40 term encompasses “ full - length , ” unprocessed FAP as well as 
Biochemistry , 30 : 10832 ( 1991 ) ; Clackson , T. et al . Nature , any form of FAP that results from processing in the cell . The 
352 : 624 ( 1991 ) ; Marks , J. D. et al . , J. Mol . Biol . , 222 : 581 term also encompasses naturally occurring variants of FAP , 
( 1991 ) ; Kang , A. S. et al . Proc . Natl . Acad . Sci . USA , e.g. , splice variants or allelic variants . Preferably , an anti 
88 : 8363 ( 1991 ) , and Smith , G. P. , Current Opin . Biotechnol , FAP antibody of the invention binds to the extracellular 
2 : 668 ( 1991 ) . 45 domain of FAP . The amino acid sequence of exemplary FAP 

The term “ anergy ” refers to the state of unresponsiveness polypeptide sequences , including the sequence of human 
to antigen stimulation resulting from incomplete or insuffi FAP , are disclosed in WO 2012/020006 . 
cient signals delivered through the T - cell receptor ( e.g. As used herein , “ treatment ” ( and grammatical variations 
increase in intracellular Ca + 2 in the absence of ras - activa thereof such as “ treat ” or “ treating " ) refers to clinical 
tion ) . T cell anergy can also result upon stimulation with 50 intervention in an attempt to alter the natural course of the 
antigen in the absence of co - stimulation , resulting in the cell individual being treated , and can be performed either for 
becoming refractory to subsequent activation by the antigen prophylaxis or during the course of clinical pathology . 
even in the context of costimulation . The unresponsive state Desirable effects of treatment include , but are not limited to , 
can often be overriden by the presence of interleukin - 2 . preventing occurrence or recurrence of disease , alleviation 
Anergic T - cells do not undergo clonal expansion and / or 55 of symptoms , diminishment of any direct or indirect patho 
acquire effector functions . logical consequences of the disease , preventing metastasis , 

The term “ exhaustion ” refers to T cell exhaustion as a decreasing the rate of disease progression , amelioration or 
state of T cell dysfunction that arises from sustained TCR palliation of the disease state , and remission or improved 
signaling that occurs during many chronic infections and prognosis . In some embodiments , antibodies of the inven 
cancer . It is distinguished from anergy in that it arises not 60 tion are used to delay development of a disease or to slow 
through incomplete or deficient signaling , but from sus the progression of a disease . 
tained signaling . It is defined by poor effector function , The term cancer as used herein refers to proliferative 
sustained expression of inhibitory receptors and a transcrip diseases , such as the cancer is colorectal cancer , sarcoma , 
tional state distinct from that of functional effector or head and neck cancer , squamous cell carcinoma , breast 
memory T cells . Exhaustion prevents optimal control of 65 cancer , pancreatic cancer , gastric cancer , non - small - cell lung 
infection and tumors . Exhaustion can result from both carcinoma , small - cell lung cancer and mesothelioma , 
extrinsic negative regulatory pathways ( e.g. , immunoregu including refractory versions of any of the above cancers , or 
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a combination of one or more of the above cancers . In one monoclonal antibodies that have binding specificities for at 
embodiment , the cancer is colorectal cancer and optionally least two different sites . Provided herein is a bispecific 
the chemotherapeutic agent is Irinotecan . In embodiments in antibody , with binding specificities for FAP and DR5 . In 
which the cancer is sarcoma , optionally the sarcoma is certain embodiments , bispecific antibodies may bind to two 
chondrosarcoma , leiomyosarcoma , gastrointestinal stromal 5 different epitopes of DR5 . Bispecific antibodies may also be 
tumours , fibrosarcoma , osteosarcoma , liposarcoma or mali used to localize cytotoxic agents to cells which express DR5 . 
gant fibrous histiocytoma . Bispecific antibodies can be prepared as full length antibod 

The term “ variable region ” or “ variable domain ” refers to ies or antibody fragments . 
the domain of an antibody heavy or light chain that is Techniques for making multispecific antibodies include , 
involved in binding the antibody to antigen . The variable 10 but are not limited to , recombinant co - expression of two 
domains of the heavy chain and light chain ( VH and VL , immunoglobulin heavy chain - light chain pairs having dif 
respectively ) of a native antibody generally have similar ferent specificities ( see Milstein and Cuello , Nature 305 : 537 
structures , with each domain comprising four conserved ( 1983 ) ) , WO 93/08829 , and Traunecker et al . , EMBO J. 10 : 
framework regions ( FRS ) and three hypervariable regions 3655 ( 1991 ) ) , and “ knob - in - hole ” engineering ( see , e.g. , 
( HVRs ) . ( See , e.g. , Kindt et al . Kuby Immunology , 6th ed . , 15 U.S. Pat . No. 5,731,168 ) . Multi - specific antibodies may also 
W.H. Freeman and Co. , page 91 ( 2007 ) . ) A single VH or VL be made by engineering electrostatic steering effects for 
domain may be sufficient to confer antigen - binding speci making antibody Fc - heterodimeric molecules ( WO 2009 / 
ficity . Furthermore , antibodies that bind a particular antigen 089004 ) ; cross - linking two or more antibodies or fragments 
may be isolated using a VH or VL domain from an antibody ( see , e.g. , U.S. Pat . No. 4,676,980 , and Brennan et al . , 
that binds the antigen to screen a library of complementary 20 Science , 229 : 81 ( 1985 ) ) ; using leucine zippers to produce 
VL or VH domains , respectively . See , e.g. , Portolano et al . , bi - specific antibodies ( see , e.g. , Kostelny et al . , J. Immunol . , 
J. Immunol . 150 : 880-887 ( 1993 ) ; Clarkson et al . , Nature 148 ( 5 ) : 1547-1553 ( 1992 ) ) ; using “ diabody ” technology for 
352 : 624-628 ( 1991 ) . making bispecific antibody fragments ( see , e.g. , Hollinger et 
As used herein , the term “ antigen binding molecule ” al . , Proc . Natl . Acad . Sci . USA , 90 : 6444-6448 ( 1993 ) ) ; and 

refers in its broadest sense to a molecule that specifically 25 using single - chain Fv ( sFv ) dimers ( see , e.g. Gruber et al . , 
binds an antigenic determinant . Examples of antigen binding J. Immunol . , 152 : 5368 ( 1994 ) ) ; and preparing trispecific 
molecules are immunoglobulins and derivatives , e.g. frag antibodies as described , e.g. , in Tutt et al . J. Immunol . 147 : 
ments , thereof . 60 ( 1991 ) . 

The term “ antigen - binding site of an antibody ” when used Engineered antibodies with three or more functional anti 
herein refer to the amino acid residues of an antibody which 30 gen binding sites , including “ Octopus antibodies , ” are also 
are responsible for antigen - binding . The antigen - binding included herein ( see , e.g. US 2006 / 0025576A1 ) . 
portion of an antibody comprises amino acid residues from The antibody or fragment herein also includes a “ Dual 
the “ complementary determining regions ” or “ CDRs ” . Acting FAb ” or “ DAF ” comprising at least one antigen 
" Framework ” or “ FR ” regions are those variable domain binding site that binds to FAP or DR5 as well as another , 
regions other than the hypervariable region residues as 35 different antigen ( see , US 2008/0069820 , for example ) . 
herein defined . Therefore , the light and heavy chain variable The term “ valent ” as used within the current application 
domains of an antibody comprise from N- to C - terminus the denotes the presence of a specified number of binding sites 
domains FR1 , CDR1 , FR2 , CDR2 , FR3 , CDR3 , and FR4 . in an antibody molecule . As such , the terms “ bivalent ” , 
Especially , CDR3 of the heavy chain is the region which “ tetravalent ” , and “ hexavalent ” denote the presence of two 
contributes most to antigen binding and defines the anti- 40 binding sites , four binding sites , and six binding sites , 
body's properties . CDR and FR regions are determined respectively , in an antibody molecule . The bispecific anti 
according to the standard definition of Kabat et al . , bodies according to the invention are at least “ bivalent " and 
Sequences of Proteins of Immunological Interest , 5th ed . , may be “ trivalent ” or “ multivalent ” ( e.g. “ tetravalent ” or 
Public Health Service , National Institutes of Health , “ hexavalent ” ) . 
Bethesda , Md . ( 1991 ) and / or those residues from a “ hyper- 45 Antibodies of the present invention have two or more 
variable loop ” . binding sites and are bispecific . That is , the antibodies may 

Antibody specificity refers to selective recognition of the be bispecific even in cases where there are more than two 
antibody for a particular epitope of an antigen . Natural binding sites ( i.e. that the antibody is trivalent or multiva 
antibodies , for example , are monospecific . “ Bispecific anti lent ) . Bispecific antibodies of the invention include , for 
bodies ” according to the invention are antibodies which 50 example , multivalent single chain antibodies , diabodies and 
have two different antigen - binding specificities . Antibodies triabodies , as well as antibodies having the constant domain 
of the present invention are specific for two different anti structure of full length antibodies to which further antigen 
gens , i.e. DR5 as first antigen and FAP as second antigen . binding sites ( e.g. , single chain Fv , a VH domain and / or a 
The term “ monospecific ” antibody as used herein denotes VL domain , Fab , or ( Fab ) 2 ) are linked via one or more 

an antibody that has one or more binding sites each of which 55 peptide - linkers . The antibodies can be full length from a 
bind to the same epitope of the same antigen . single species , or be chimerized or humanized . 

The term “ bispecific ” means that the antigen binding The term " vector , ” as used herein , refers to a nucleic acid 
molecule is able to specifically bind to at least two distinct molecule capable of propagating another nucleic acid to 
antigenic determinants . Typically , a bispecific antigen bind which it is linked . The term includes the vector as a 
ing molecule comprises at least two antigen binding sites , 60 self - replicating nucleic acid structure as well as the vector 
each of which is specific for a different antigenic determi incorporated into the genome of a host cell into which it has 
nant . In certain embodiments the bispecific antigen binding been introduced . Certain vectors are capable of directing the 
molecule is capable of simultaneously binding two antigenic expression of nucleic acids to which they are operatively 
determinants , particularly two antigenic determinants linked . Such vectors are referred to herein as “ expression 
expressed on two distinct cells . 65 vectors . ” 
The antibody provided herein is a multispecific antibody , The term “ amino acid ” as used within this application 

e.g. a bispecific antibody . Multispecific antibodies are denotes the group of naturally occurring carboxy a - amino 
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acids comprising alanine ( three letter code : ala , one letter for example a cell in a tumor such as a cancer cell or a cell 
code : A ) , arginine ( arg , R ) , asparagine ( asn , N ) , aspartic acid of the tumor stroma . In particular “ target cell antigen ” refers 
( asp , D ) , cysteine ( cys , C ) , glutamine ( gln , Q ) , glutamic acid to Folate Receptor 1 . 
( glu , E ) , glycine ( gly , G ) , histidine ( his , H ) , isoleucine ( ile , As used herein , the terms " first ” and “ second ” with 
I ) , leucine ( leu , L ) , lysine ( lys , K ) , methionine ( met , M ) , 5 respect to antigen binding moieties etc. , are used for con 
phenylalanine ( phe , F ) , proline ( pro , P ) , serine ( ser , S ) , venience of distinguishing when there is more than one of 
threonine ( thr , T ) , tryptophan ( trp , W ) , tyrosine ( tyr , Y ) , and each type of moiety . Use of these terms is not intended to 
valine ( val , V ) . confer a specific order or orientation of the T cell activating 
As used herein , the expressions " cell ” , " cell line ” , and bispecific antigen binding molecule unless explicitly so 

10 stated . " cell culture ” are used interchangeably and all such desig The term " epitope ” includes any polypeptide determinant nations include progeny . Thus , the words “ transfectants ” and capable of specific binding to an antibody . In certain “ transfected cells ” include the primary subject cell and embodiments , epitope determinant include chemically cultures derived there from without regard for the number of active surface groupings of molecules such as amino acids , transfers . It is also understood that all progeny may not be sugar side chains , phosphoryl , or sulfonyl , and , in certain precisely identical in DNA content , due to deliberate or embodiments , may have specific three dimensional struc 
inadvertent mutations . Variant progeny that have the same tural characteristics , and or specific charge characteristics . 
function or biological activity as screened for in the origi An epitope is a region of an antigen that is bound by an 
nally transformed cell are included . antibody . 

" Affinity ” refers to the strength of the sum total of 20 As used herein , the term “ antigenic determinant " is syn 
noncovalent interactions between a single binding site of a onymous with “ antigen ” and “ epitope , ” and refers to a site 
molecule ( e.g. , an antibody ) and its binding partner ( e.g. , an ( e.g. a contiguous stretch of amino acids or a conformational 
antigen ) . Unless indicated otherwise , as used herein , “ bind configuration made up of different regions of non - contigu 
ing affinity ” refers to intrinsic binding affinity which reflects ous amino acids ) on a polypeptide macromolecule to which 
a 1 : 1 interaction between members of a binding pair ( e.g. , 25 an antigen binding moiety binds , forming an antigen binding 
antibody and antigen ) . The affinity of a molecule X for its moiety - antigen complex . Useful antigenic determinants can 
partner Y can generally be represented by the dissociation be found , for example , on the surfaces of tumor cells , on the 
constant ( Kd ) . Affinity can be measured by common meth surfaces of virus - infected cells , on the surfaces of other 
ods known in the art , including those described herein . diseased cells , on the surface of immune cells , free in blood 
Specific illustrative and exemplary embodiments for mea 30 serum , and / or in the extracellular matrix ( ECM ) . The pro 
suring binding affinity are described in the following . teins referred to as antigens herein , e.g. , FolR1 and CD3 , can 

be any native form the proteins from any vertebrate source , As used herein , the term “ binding ” or “ specifically bind including mammals such as primates ( e.g. humans ) and ing ” refers to the binding of the antibody to an epitope of the rodents ( e.g. mice and rats ) , unless otherwise indicated . In a antigen in an in - vitro assay , preferably in a surface plasmon 35 particular embodiment the antigen is a human protein . resonance assay ( SPR , BIAcore , GE - Healthcare Uppsala , Where reference is made to a specific protein herein , the Sweden ) . The affinity of the binding is defined by the terms term encompasses the “ full - length " , unprocessed protein as 
ka ( rate constant for the association of the antibody from the well as any form of the protein that results from processing 
antibody / antigen complex ) , kD ( dissociation constant ) , and in the cell . The term also encompasses naturally occurring 
KD ( kD / ka ) . Binding or specifically binding means a bind- 40 variants of the protein , e.g. splice variants or allelic variants . 
ing affinity ( KD ) of 10-8 mol / l or less , preferably 10-9 M to Exemplary human proteins useful as antigens include , but 
10-13 mol / l . are not limited to : FolR1 ( Folate receptor alpha ( FRA ) ; 

Binding of the antibody to the death receptor can be Folate binding protein ( FBP ) ; human FolR1 UniProt no .: 
investigated by a BIAcore assay ( GE - Healthcare Uppsala , P15328 ; murine FolR1 UniProt no .: P35846 ; cynomolgus 
Sweden ) . The affinity of the binding is defined by the terms 45 FoR1 UniProt no .: G7PR14 ) and CD3 , particularly the 
ka ( rate constant for the association of the antibody from the epsilon subunit of CD3 ( see UniProt no . P07766 ( version 
antibody / antigen complex ) , kD ( dissociation constant ) , and 130 ) , NCBI RefSeq no . NP_000724.1 , SEQ ID NO : 150 for 
KD ( KD / ka ) the human sequence ; or UniProt no . Q95L15 ( version 49 ) , 

“ Reduced binding ” , for example reduced binding to an Fc NCBI GenBank no . BAB71849.1 , for the cynomolgus 
receptor , refers to a decrease in affinity for the respective 50 [ Macaca fascicularis ] sequence ) . The T cell activating 
interaction , as measured for example by SPR . For clarity the bispecific antigen binding molecule of the invention binds to 
term includes also reduction of the affinity to zero ( or below an epitope of CD3 or a target cell antigen that is conserved 
the detection limit of the analytic method ) , i.e. complete among the CD3 or target antigen from different species . In 
abolishment of the interaction . Conversely , “ increased bind certain embodiments the T cell activating bispecific antigen 
ing ” refers to an increase in binding affinity for the respec- 55 binding molecule of the invention binds to CD3 and FolR1 , 
tive interaction . but does not bind to FoR2 ( Folate receptor beta ; FRB ; 

" T cell activation " as used herein refers to one or more human FolR2 UniProt no .: P14207 ) or FolR3 ( Folate recep 
cellular response of a T lymphocyte , particularly a cytotoxic tor gamma ; human FolR3 UniProt no .: P41439 ) . 
T lymphocyte , selected from : proliferation , differentiation , As used herein , the terms “ engineer , engineered , engi 
cytokine secretion , cytotoxic effector molecule release , 60 neering , ” particularly with the prefix “ glyco- , ” as well as the 
cytotoxic activity , and expression of activation markers . The term “ glycosylation engineering ” are considered to include 
T cell activating bispecific antigen binding molecules of the any manipulation of the glycosylation pattern of a naturally 
invention are capable of inducing T cell activation . Suitable occurring or recombinant polypeptide or fragment thereof . 
assays to measure T cell activation are known in the art Glycosylation engineering includes metabolic engineering 
described herein . 65 of the glycosylation machinery of a cell , including genetic 
A “ target cell antigen ” as used herein refers to an anti manipulations of the oligosaccharide synthesis pathways to 

genic determinant presented on the surface of a target cell , achieve altered glycosylation of glycoproteins expressed in 
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cells . Furthermore , glycosylation engineering includes the In some embodiments , the individual is a mammal , such 
effects of mutations and cell environment on glycosylation . as domesticated animals ( e.g. , cows , sheep , cats , dogs , and 
In one embodiment , the glycosylation engineering is an horses ) , primates ( e.g. , humans and non - human primates 
alteration in glycosyltransferase activity . In a particular such as monkeys ) , rabbits , and rodents ( e.g. , mice and rats ) . 
embodiment , the engineering results in altered glucosami- 5 In some embodiments , the individual treated is a human . 
nyltransferase activity and / or fucosyltransferase activity . In another aspect , provided herein is a method of enhanc 

ing immune function in an individual having cancer com 
II . Compositions and Methods prising administering an effective amount of a T cell acti 

vating bispecific antigen binding molecules , specifically , a 
In one aspect , the invention is based on the use of a 10 FolR1 - TCB , and a PD - 1 axis binding antagonist . 

therapeutic combination of a T cell activating bispecific In some embodiments , the T cells in the individual have 
antigen binding molecule , e.g. , a T cell activating bispecific enhanced priming , activation , proliferation and / or effector 
antigen binding molecule comprising a first antigen binding function relative to prior to the administration of the T cell 
site specific for Folate Receptor 1 ( FolR1 ) and a second activating bispecific antigen binding molecules and the PD - 1 
antigen binding site specific for CD3 , and a PD - 1 axis 15 pathway antagonist . In some embodiments , the T cell effec 
binding antagonist , e.g. , for the treatment of cancer . In some tor function is secretion of at least one of IL - 2 , IFN - y and 
embodiments the therapeutic combination further includes a TNF - a . In one embodiment , administering a FolR1 - TCB 
TIM3 antagonist . and an anti - PDL - 1 antibody results in increased T cell 

secretion of IL - 2 , IFN - y and TNF - a . In some embodiments , 
A. Combination Therapies of a T Cell Activating 20 the T cell is a CD8 + T cell . In some embodiments , the T cell 
Bispecific Antigen Binding Molecule and a PD - 1 priming is characterized by elevated CD44 expression and / 

Axis Binding Antagonist or enhanced cytolytic activity in CD8 T cells . In some 
embodiments , the CD8 T cell activation is characterized by 

Broadly , the present invention relates to T cell activating an elevated frequency of y - IFT T CD8 T cells . In some 
bispecific antigen binding molecules and their use in com- 25 embodiments , the CD8 T cell is an antigen - specific T - cell . In 
bination with a PD - 1 axis binding antagonists . The advan some embodiments , the immune evasion by signaling 
tage of the combination over monotherapy is that the T cell through PD - L1 surface expression is inhibited . In some 
activating bispecific antigen binding molecules used in the embodiments , the cancer has elevated levels of T - cell infil 
present invention enable re - direction and activation of T tration . 
cells to the targeted cell while the PD - 1 axis binding 30 In some embodiments , the combination therapy of the 
antagonist enhances T cell function by reducing T cell invention comprises administration of a FolR1 - TCB and a 
exhaustion . PD - 1 axis binding antagonist . The FolR1 - TCB and a PD - 1 

In one aspect , provided herein is a method for treating or axis binding antagonist may be administered in any suitable 
delaying progression of cancer in an individual comprising manner known in the art . For example , FolR1 - TCB and a 
administering to the individual an effective amount of a T 35 PD - 1 axis binding antagonist may be administered sequen 
cell activating bispecific antigen binding molecules , e.g. , a tially ( at different times ) or concurrently ( at the same time ) . 
FolR1 - TCB , and a PD - 1 axis binding antagonist . In some In some embodiments , the FolR1 - TCB is administered 
embodiments , the treatment results in sustained response in continuously . In some embodiments , the FolR1 - TCB is 
the individual after cessation of the treatment . The methods administered intermittently . In some embodiments , the 
of this invention may find use in treating conditions where 40 FolR1 - TCB is administered before administration of the 
enhanced immunogenicity is desired such as increasing PD - 1 axis binding antagonist . In some embodiments , the 
tumor immunogenicity for the treatment of cancer . A variety FolR1 - TCB is administered simultaneously with adminis 
of cancers may be treated , or their progression may be tration of the PD - 1 axis binding antagonist . In some embodi 
delayed , including but are not limited to a cancer that may ments , the FolR1 - TCB is administered after administration 
contain a BRAF V600E mutation , a cancer that may contain 45 of the PD - 1 axis binding antagonist . 
a BRAF wildtype , a cancer that may contain a KRAS In some embodiments , provided is a method for treating 
wildtype , or a cancer that may contain an activating KRAS or delaying progression of cancer in an individual compris 
mutation . ing administering to the individual an effective amount of a 

In some embodiments , the individual has endometrial T cell activating bispecific antigen binding molecules , e.g. , 
cancer . The endometrial cancer may be at early stage or late 50 a FolR1 - TCB , and a PD - 1 axis binding antagonist , further 
state . In some embodiments , the individual has melanoma . comprising administering an additional therapy . Specifically 
The melanoma may be at early stage or at late stage . In some contemplated is an embodiment in which the additional 
embodiments , the individual has colorectal cancer . The therapy comprises a TIM - 3 antagonist . Accordingly , in one 
colorectal cancer may be at early stage or at late stage . In aspect , provided herein is a method for treating or delaying 
some embodiments , the individual has lung cancer , e.g. , 55 progression of cancer in an individual comprising adminis 
non - small cell lung cancer . The non - small cell lung cancer tering to the individual an effective amount of a cell 
may be at early stage or at late stage . In some embodiments , activating bispecific antigen binding molecules , specifically , 
the individual has pancreatic cancer . The pancreatice cancer a FolR1 - TCB , a PD - 1 axis binding antagonist , and a TIM - 3 
may be at early stage or late state . In some embodiments , the antagonist . Any TIM3 antagonist , e.g. , those described 
individual has a hematological malignancy . The hematologi- 60 herein , can be used . The additional therapy may also be 
cal malignancy may be early stage or late stage . In some radiation therapy , surgery ( e.g. , lumpectomy and a mastec 
embodiments , the individual has ovarian cancer . The ovarian tomy ) , chemotherapy , gene therapy , DNA therapy , viral 
cancer may be at early stage or at late stage . In some therapy , R A therapy , immunotherapy , bone marrow trans 
embodiments , the individual has breast cancer . The breast plantation , nanotherapy , monoclonal antibody therapy , or a 
cancer may be at early stage or at late stage . In some 65 combination of the foregoing . The additional therapy may be 
embodiments , the individual has renal cell carcinoma . The in the form of adjuvant or neoadjuvant therapy . In some 
renal cell carcinoma may be at early stage or at late stage . embodiments , the additional therapy is the administration of 
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small molecule enzymatic inhibitor or anti - metastatic agent . embodiment , the kit further comprises a TIM3 antagonist . In 
In some embodiments , the additional therapy is the admin one of the embodiments , the PD - 1 axis binding antagonist is 
istration of side - effect limiting agents ( e.g. , agents intended an anti - PD - 1 antibody or an anti - PDL - 1 antibody . In one 
to lessen the occurrence and / or severity of side effects of embodiment , the PD - 1 axis binding antagonist is an anti 
treatment , such as anti - nausea agents , etc. ) . In some embodi- 5 PD - 1 immunoadhesin . 
ments , the additional therapy is radiation therapy . In some In a further aspect , the invention provides a kit compris embodiments , the additional therapy is surgery . In some ing : 
embodiments , the additional therapy is a combination of ( i ) a first container comprising a composition which radiation therapy and surgery . In some embodiments , the comprises a T cell activating bispecific antigen binding additional therapy is gamma irradiation . In some embodi- 10 molecule specific for Folate Receptor 1 ( Fo1R1 ) and ments , the additional therapy is therapy targeting P13K / A 
T / mTOR pathway , HSP90 inhibitor , tubulin inhibitor , apop CD3 as described herein ; and 

( ii ) a second container comprising a composition com tosis inhibitor , and / or chemopreventative agent . The addi 
tional therapy may be one or more of the chemotherapeutic prising a PD - 1 axis binding antagonist . 

In a further aspect , the invention provides a kit compris agents described hereabove . 
T cell activating bispecific antigen binding molecules , ing : 

e.g. , a FolR1 - TCB , and the PD - 1 axis binding antagonist ( i ) a first container comprising a composition which 
may be administered by the same route of administration or comprises a T cell activating bispecific antigen binding 
by different routes of administration . In some embodiments , molecule specific for Folate Receptor 1 ( Fo1R1 ) and 
T cell activating bispecific antigen binding molecules , e.g. , 20 CD3 as described herein ; 
a FolR1 - TCB is administered intravenously , intramuscu ( ii ) a second container comprising a composition com 
larly , subcutaneously , topically , orally , transdermally , intra prising a PD - 1 axis binding antagonist ; and 
peritoneally , intraprbitally , by implantation , by inhalation , ( iii ) a third container comprising a composition compris 
intrathecally , intraventricularly , or intranasally . In some ing a TIM3 antagonist . 
embodiments , the PD - 1 axis binding antagonist is adminis- 25 
tered intravenously , intramuscularly , subcutaneously , topi B. Exemplary T Cell Activating Bispecific Antigen 
cally , orally , transdermally , intraperitoneally , intraorbitally , Binding Molecule for Use in the Invention 
by implantation , by inhalation , intrathecally , intraventricu 
larly , or intranasally . An effective amount of the T cell The T cell activating bispecific antigen binding molecule 
activating bispecific antigen binding molecules and the PD - 1 30 of the invention is bispecific , i.e. it comprises at least two axis binding antagonist may be administered for prevention antigen binding moieties capable of specific binding to two 
or treatment of disease . The appropriate dosage of the T cell distinct antigenic determinants , i.e. to CD3 and to FolR1 . activating bispecific antigen binding molecules and / or the According to the invention , the antigen binding moieties are PD - 1 axis binding antagonist may be determined based on Fab molecules ( i.e. antigen binding domains composed of a the type of disease to be treated , the type of the T cell 35 
activating bispecific antigen binding molecules and the PD - 1 heavy and a light chain , each comprising a variable and a 
axis binding antagonist , the severity and course of the constant region ) . In one embodiment said Fab molecules are 
disease , the clinical condition of the individual , the indi human . In another embodiment said Fab molecules are 
vidual's clinical history and response to the treatment , and humanized . In yet another embodiment said Fab molecules 
the discretion of the attending physician . 40 comprise human heavy and light chain constant regions . 
Any of the T cell activating bispecific antigen binding The T cell activating bispecific antigen binding molecule 

molecules , PD - 1 axis binding antagonists and the TIM - 3 of the invention is capable of simultaneous binding to the 
antagonists known in the art or described below may be used target cell antigen FolR1 and CD3 . In one embodiment , the 
in the methods . T cell activating bispecific antigen binding molecule is 

In a further aspect , the present invention provides a 45 capable of crosslinking a T cell and a FolR1 expressing 
pharmaceutical composition comprising a T cell activating target cell by simultaneous binding to the target cell antigen 
bispecific antigen binding molecules as described herein , a FolR1 and CD3 . In an even more particular embodiment , 
PD - 1 axis binding antagonists as described herein and a such simultaneous binding results in lysis of the FolR1 
pharmaceutically acceptable carrier . In some embodiments , expressing target cell , particularly a FolR1 expressing tumor 
the pharmaceutical composition further comprises a TIM3 50 cell . In one embodiment , such simultaneous binding results 
antagonist . in activation of the T cell . In other embodiments , such 

In a further aspect , the invention provides for a kit simultaneous binding results in a cellular response of a T comprising a T cell activating bispecific antigen binding lymphocyte , particularly a cytotoxic T lymphocyte , selected molecule specific for Folate Receptor 1 ( FolR1 ) and CD3 , 
and a package insert comprising instructions for using the T 55 secretion , cytotoxic effector molecule release , cytotoxic from the group of : proliferation , differentiation , cytokine 
cell activating bispecific antigen binding molecule with a 
PD - 1 axis binding antagonist to treat or delay progression of activity , and expression of activation markers . In one 
cancer in an individual . In some embodiments , the kit embodiment , binding of the T cell activating bispecific 
further comprises instructions for using the T cell activating antigen binding molecule to CD3 without simultaneous 
bispecific antigen binding molecule with a TIM3 antagonist . 60 binding to the target cell antigen FolR1 does not result in T 
In a further aspect , the invention provides for a kit compris cell activation . 
ing a T cell activating bispecific antigen binding molecule In one embodiment , the T cell activating bispecific anti 
specific for Folate Receptor 1 ( Fo1R1 ) and CD3 and a PD - 1 gen binding molecule is capable of re - directing cytotoxic 
axis binding antagonist , and a package insert comprising activity of a T cell to a FolR1 expressing target cell . In a 
instructions for using the T cell activating bispecific antigen 65 particular embodiment , said re - direction is independent of 
binding molecule and the PD - 1 axis binding antagonist to MHC - mediated peptide antigen presentation by the target 
treat or delay progression of cancer in an individual . In one cell and and / or specificity of the T cell . 
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Particularly , a T cell according to some of the embodi activating bispecific antigen binding molecule to which it is 
ments of the invention is a cytotoxic T cell . In some connected to a target site , for example to a specific type of 
embodiments the T cell is a CD4 + or a CD8 + T cell , tumor cell that expresses FolR1 . 
particularly a CD8 + T cell . In one aspect the present invention provides a cell 

The T cell activating bispecific antigen binding molecule 5 activating bispecific antigen binding molecule comprising 
of the invention comprises at least one antigen binding ( i ) a first antigen binding moiety which is a Fab molecule 
moiety capable of binding to CD3 ( also referred to herein as capable of specific binding to CD3 , and which com 
an “ CD3 antigen binding moiety ” or “ first antigen binding prises at least one heavy chain complementarity deter 
moiety ” ) . In a particular embodiment , the T cell activating mining region ( CDR ) selected from the group consist 
bispecific antigen binding molecule comprises not more than 10 ing SEQ ID NO : 37 , SEQ ID NO : 38 and SEQ ID NO : 
one antigen binding moiety capable of specific binding to 39 and at least one light chain CDR selected from the 
CD3 . In one embodiment the T cell activating bispecific group of SEQ ID NO : 32 , SEQ ID NO : 33 , SEQ ID 
antigen binding molecule provides monovalent binding to NO : 34 ; and 
CD3 . In a particular embodiment CD3 is human CD3 or ( ii ) a second antigen binding moiety which is a Fab 
cynomolgus CD3 , most particularly human CD3 . In a par- 15 molecule capable of specific binding to Folate Receptor 
ticular embodiment the CD3 antigen binding moiety is 1 ( FolR1 ) . 
cross - reactive for ( i.e. specifically binds to ) human and In one embodiment the first antigen binding moiety which 
cynomolgus CD3 . In some embodiments , the first antigen is a Fab molecule capable of specific binding to CD3 
binding moiety is capable of specific binding to the epsilon comprises a variable heavy chain comprising an amino acid 
subunit of CD3 ( see UniProt no . P07766 ( version 130 ) , 20 sequence of SEQ ID NO : 36 and a variable light chain 
NCBI RefSeq no . NP_000724.1 , SEQ ID NO : 150 for the comprising an amino acid sequence of SEQ ID NO : 31 . 
human sequence ; UniProt no . Q95L15 ( version 49 ) , NCBI In one embodiment the T cell activating bispecific antigen 
GenBank no . BAB71849.1 , for the cynomolgus [ Macaca binding molecule additionally comprises 
fascicularis ) sequence ) . ( iii ) a third antigen binding moiety which is a Fab 

In some embodiments , the CD3 antigen binding moiety 25 molecule capable of specific binding to FolR1 . 
comprises at least one heavy chain complementarity deter In one such embodiment the second and third antigen 
mining region ( CDR ) selected from the group consisting of binding moiety capable of specific binding to FolR1 com 
SEQ ID NO : 37 , SEQ ID NO : 38 and SEQ ID NO : 39 and prise identical heavy chain complementarity determining 
at least one light chain CDR selected from the group of SEQ region ( CDR ) and light chain CDR sequences . In one such 
ID NO : 32 , SEQ ID NO : 33 , SEQ ID NO : 34 . 30 embodiment the third antigen binding moiety is identical to 

In one embodiment the CD3 antigen binding moiety the second antigen binding moiety . 
comprises the heavy chain CDR1 of SEQ ID NO : 37 , the In one embodiment the T cell activating bispecific antigen 
heavy chain CDR2 of SEQ ID NO : 38 , the heavy chain binding molecule of any of the above embodiments addi 
CDR3 of SEQ ID NO : 39 , the light chain CDR1 of SEQ ID tionally comprises an Fc domain composed of a first and a 
NO : 32 , the light chain CDR2 of SEQ ID NO : 33 , and the 35 second subunit capable of stable association . 
light chain CDR3 of SEQ ID NO : 34 . In one embodiment the first antigen binding moiety and 

In one embodiment the CD3 antigen binding moiety the second antigen binding moiety are each fused at the 
comprises a variable heavy chain comprising an amino acid C - terminus of the Fab heavy chain to the N - terminus of the 
sequence of : SEQ ID NO : 36 and a variable light chain first or second subunit of the Fc domain . 
comprising an amino acid sequence of : SEQ ID NO : 31 . In one embodiment the third antigen binding moiety is 

In one embodiment the CD3 antigen binding moiety fused at the C - terminus of the Fab heavy chain to the 
comprises a heavy chain variable region sequence that is at N - terminus of the Fab heavy chain of the first antigen 
least about 95 % , 96 % , 97 % , 98 % , 99 % or 100 % identical to binding moiety , optionally via a peptide linker . 
SEQ ID NO : 36 and a light chain variable region sequence In a further particular embodiment , not more than one 
that is at least about 95 % , 96 % , 97 % , 98 % , 99 % or 100 % 45 antigen binding moiety capable of specific binding to CD3 
identical to SEQ ID NO : 31 . is present in the T cell activating bispecific antigen binding 
The T cell activating bispecific antigen binding molecule molecule ( i.e. the T cell activating bispecific antigen binding 

of the invention comprises at least one antigen binding molecule provides monovalent binding to CD3 ) . 
moiety capable of binding to the target cell antigen FolR1 
( also referred to herein as an “ FolR1 binding moiety ” or 50 T Cell Activating Bispecific Antigen Binding 
“ second ” or “ third ” antigen binding moiety ) . In one embodi Molecule with a Common Light Chain 
ment , the antigen binding moiety capable of binding to the 
target cell antigen FolR1 does not bind to FolR2 or FolR3 . The inventors of the present invention generated a bispe 
In a particular embodiment the FolR1 antigen binding cific antibody wherein the binding moieties share a common 
moiety is cross - reactive for ( i.e. specifically binds to ) human 55 light chain that retains the specificity and efficacy of the 
and cynomolgus FolR1 . In certain embodiments , the T cell parent monospecific antibody for CD3 and can bind a 
activating bispecific antigen binding molecule comprises second antigen ( e.g. , FolR1 ) using the same light chain . The 
two antigen binding moieties capable of binding to the target generation of a bispecific molecule with a common light 
cell antigen FolR1 . In a particular such embodiment , each of chain that retains the binding properties of the parent anti 
these antigen binding moieties specifically binds to the same 60 body is not straight - forward as the common CDRs of the 
antigenic determinant . In an even more particular embodi hybrid light chain have to effectuate the binding specificity 
ment , all of these antigen binding moieties are identical . In for both targets . In one aspect the present invention provides 
one embodiment the T cell activating bispecific antigen a T cell activating bispecific antigen binding molecule 
binding molecule comprises not more than two antigen comprising a first and a second antigen binding moiety , one 
binding moieties capable of binding to FolR1 . 65 of which is a Fab molecule capable of specific binding to 

The FolR1 binding moiety is generally a Fab molecule CD3 and the other one of which is a Fab molecule capable 
that specifically binds to FolR1 and is able to direct the T cell of specific binding to FolR1 , wherein the first and the second 
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