SNASDC Bispecific Antibodies
- As Cancer Therapeutics

Sandra P. D’Angelo, MD

Associate Attending, Research Director « Sarcoma Medical Oncology

Memorial Sloan Kettering
Cancer Center




Outline

Background

Bispecific antibodies
» Developmental history » Types
» What are they » Targets

» How do they work » Future directions



B cell receptors T cell receptor B cell receptor

antigen-binding

and T cell site antigen-binding
. —— site

receptors provide Bchein achain

specificity to the sariable |

light chain

iIimmune response region (V) -
coqstant IE2 | i - | F.c.
region

|8

T
Kavathas et al. Adaptive Immunity, CD3
Immunoepidemiology 2019 T cell B cell




How do antibodies work?
» Recognize and
bind antigen

» Induce immune

response after
binding

Abbas et al. Cellular and Molecular Immunology, 7e. 2012
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(A) Naked mAb | cuc]

Antibody
therapies for
cancer targeting

Charmsaz et al. Experimental

Hematology 2017 (B) Conjugated mAb (C) CAR-T cell \ (D) Bispecific mAb
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C h e c k p o i nt ORR Cancer type Male Estimated deaths (%) Cancer type Female Estimated deaths (%) ORR

@ Lung &bronchus 84,5590  27% Lung & bronchus 71280 25% @
i n h i b ito rs @ Colon&rectum (MS-Honly) 27,150 9% Breast 40610 14% ()
(| Prostate 26,730 8% Colon & rectum (MSI-H only) 23,110 8% Q
F D A @ Pancreas 22,300 7% Pancreas 20,790 7%
‘g () Liver & intrahepatic bile duct 19,610 6% Ovary 14,080 5%
a p p rove d fo r =2 Leukemia 14,300 4% Uterine corpus 10,920 4%
% Esophagus 12,720 4% Leukemia 10,200 4%
numerous £ @ urinary bladder 12240 4% Liver & intrahepatic bileduct 9310 3% (|
i . Non-Hodgkin lymphoma 1,450 4% Non-Hodgkin lymphoma 8,690 3% .

= =
m a I I g n a n C I es Brain & other nervous system 9,620 3% Brain & other nervous system 7,080 3%
= Kidney 9,470 3% Kidney 4,930 2%
b ut Wlth 1 0 - @ Melanoma 6,380 2% Melanoma 3,350 1%
30% ORR - bodi
(1] Overall response rates to anti-PD1/PD-L1 antibodies:

© >50%

@ 30-50%

20-30%

() 10-20%
<10%

QO

© 2017 American Association for Cancer Research

Lillian L. Siu et al. Clin Cancer Res 2017 COR Focus AAGR
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TCRs vs CARs

Memorial Sloan Kettering
Cancer Center

Klebanoff et al.
Immunological Reviews 2019

Membrane-associated proteins
~27% of the proteome

« Potential CAR and TCR targets

Intracellular proteins
~73% of the proteome

* Exclusively targets

* Examples:
i. Tissue differentiation antigens

ii. Shared cancer-specific antigens
-Cancer-germline antigens
- Endogenous retroviruses
-Viral antigens

iii. Public neoantigens

iv. Private neoantigens




Barriers/Challe

nges in
developing
Adoptive T cell
therapies in
. - Exhaustion/Re :
solid tumors Toxicity cistance Persistence

Antigen
Specificity

Trafficking Microenvironment

Adapted from Weber
et al. Cell 2020



What is
Bispecific
Antibody?

Engineered protein
composed of antigen
binding fragments from
2 different monoclonal
antibodies

Patrick A et al. Cancer
research 2009
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Developmental
history of
bispecific

antibody

Labrijn A et al. Nature
Review 2019

Hybridoma technology
pioneered by Kohler
and Milstein?'!

First solution to chain-association issue
through use of complementary HCs
(knobs into holes) and common LCs?'® #11

7

First mention First demonstration
of the bsAb of T cell
concept’ redirection®’

fragment-based
formats?'*715

#4
First recombinant

1960 1964 1975 1983 1985 1988

/—J—\

1993 1994 1995 1996

Catumaxomab
approved in the EU; it
was withdrawn in 2017
for commercial reasons

Blinatumomab
approved in the United
States; it was approved
in the EU in 2015

Discovery that
natural human IgG4

#2 is bispecific’'®

First

orthogonal Fab

interface as solution to
LC-association issue?’

1997 1999 2007

2009 2011 2012 2013 2014 2017

B —

* First demonstration
of the bsAb concept®

Invention of the
scFv fragment?!?

* First fragment-based
format’

pioneered'®

* Hybrid hybridoma (quadroma)

* First asymmetric format'®

Q% %%

Y

First solution to
LC-association issue
through species-
restricted LC pairing®

process in vivo’

Discovery and elucidation
of bispecific human
IgG4 Fab-arm exchange

Generatio
bispecific

X exchange

I

pioneered”’

First symmetric \

format*"’

#23

DVD-Ig symmetric format

expressed

through Fab-arm
separately

antibodies®"*?

n of
IgG1

of

#12

/ Domain crossover

as solution to

LC-association issue’

#13

N

#15

Emicizumab
approved in the
United States; it
was approved in
the EUin 2018
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T-cell activation
CcD3

1

1

1

1

1

\
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composed of two

Cytolytic synapse
single chain
antibodies A Tumor-associated
! P antigen
: :;:til;rected cD19
" EpCAM
] Her2/neu
EGFR
‘ CEA
' EpHA2
a-target @ cD33
monoclonal MCSP
antibody

Patrick A et al. Cancer

research 2009

Cancer Research Reviews AR



Advantages of
bispecific
antibodies

Attach to 2 different
proteins at the same time

Brings the cancer cells
and immune cells together
which is thought to cause
the immune system to
attack cancer cells

CD3 antigen

LN
)|

recteptor

Accessory
cell

(NK-cells,
macrophages)




Bispecific

antibody formats

1+1 fragment-based

#2
Tandem Vs Tandem scFvs

N S

#4 #5
Diabody F(ab),
% #4b

scDb

Patrick A et al. Cancer
research 2009

#3
DART

“

#6
scFv-Fab

X

1 + 2 fragment-based

#7
TandemV s

#8
(scFv),-Fab

N

2 + 2 fragment-based

#9
Tandem
diabodies

1+ 1 asymmetric

1+ 2 asymmetric
#10 #11 #12 #20
Rat-mouse Hetero H, Hetero H, IgG ~(scFv),
hybrid 1gG cllgG HL exchange and/or

VRVE I

242 tric
#13 #14 #15 symme #24
Hetero H, cH IgG Hetero H, #22 #23 Tetravalent
forced HL 1gG CrossMab W \?D.Ij/ DART-Fc
#16 #17 #17b #25 #26 #27
scFwFab IgG DART-Fc LP-DART (scFv),-Fe CODV-Ig Two-in-one
#18 #19 #28 #30
CODV-Fab-TL HLE-BITE mAb2 F(ab), CnossMab Tandem

T 9 YVYY



Classes of Bispecifics

Cytotoxic effector cell
redirectors (T and NK cells)

Non-tumor-specific T-cell

'{ Tumor-specific T-cell

Sl

N
£

W rerscoax” S,

Dahlen E et al. Therapeutic
Advances in Vaccines and
immunotherapy. 2018

Tumor targeted
immunomodulators

(a)
Dual immunomodulator ot Q"
B 5

CD40
Bispecific antibody

MHCI —
TCR/CD3, ._‘/‘?/?

Tumor-specific T-cell 07‘(

Exhausted/suppressed T-cell

Checkpats 1
Cheuu)uhlfgam!s




T cell Redirectors

Redirect T cells to malignant cells by

targeting a tumor antigen and CD3

-~ ’l,“iﬂ‘
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Dahlen E et al. Therapeutic Advances in Vaccines and immunotherapy. 2018

Target Example Stage
CD19 x CD3 Blinatumomab Market
Market
EpCAM x CD3 Catumaxomab (withdrawn)
XmAb13676,
CD20 x CD3 BTCT4465A, |
R07082859
MGDO006, JNJ-
CD123 x CD3 63709178, |
Xmab14045
JNJ-64007957,
BCMA x CD3 BI836909 |
B7H3 x CD3 MGDO009 |
CEA xCD3 R06958688, MT111 |
PSMA x CD3 Pasotuximab, ES41 I

4/MOR209



Blinatumomab

Bispecific T-Cell engager
fO r p reCU rSO r B _Ce I I a CU te Population N Regimen Prior =2nd Response MRD Median Overall  Grade 3+ CNS Grade 3+ CRS

I m h O b I a Sti C I e u k e m i a HSCT Salvage Response Survival (%) (%)
y p R/R Ph- 36 BLN 42% 21% CR/CRh: 69% 88% 9.8 16% 6%
A R/R Ph- 189 BLN 34% 39% CR/CRh: 43% 82% 6.1 11% 2%
W R/R Ph- 405 BLNvsCT 34% 45% CR: 34% 76% 7.7 9% 5%
"\ CR/CRW/CRi: 44%
né[a R/R Ph- 84 h-CVD,INO,+ 23% 42% CR/CRi/CRp: 80% 80% 11.0 - -
3 BLN
AnHCDs, R/R Ph+ 45 BLN 44% 82% CR: 31% CR/CRh: 88% 7.1 7% 0%
- 36%
MRD+ 21 BLN 0% - 80% - 19% 0%
VH MRD+ 116 BLN 0% 36% - 8% 36.5 13% 2%
w¥ {4 Frontline, Ph-, 27 H-CVAD+ - CR: 100% 96% 89% (ly OS) 17% 5%
younger BLN
ATHCD19 Frontline, Ph-, 64 h-CVD,INO,+ - CR/CRi/CRp: 98% 94% 54% (3y 0S) - -
older BLN
Frontline, Ph+ 63 BLN+TKI - CMR/PNQD: 80% 100% 94% (1y OS) - -

Franquiz M et al. Biologics 2020.



A. Viral B. Differentiation C. Cancer-germline D. Overexpressed E. Mutated

Tumor
. DNA viral DNA mutant DNA
A N tl g ens ST DEDCC e e e S
Protein S ) é é 5 E é >
viral antigen / self antigen é tumor specific
& — MHc v antigen
0
T
Cancer Cell
= &
@ viral products self proteins pmrztae?r:s
) : Examples HPV MART-1 NY-ESO-1 hTRRT B-Catenin
Ve S e EBV gp100 MAGE-A3 EGFR CDKa
Varch ol Nat MCC CEA Mesothelin Caspase 8
archoan et al, Nature
Reviews Cancer 2017 D19 b;;/abl
p

Goto et al. Vaccines 2019



Categories
of tumor
antigens

Tumour-specific * Completely absent from normal hostcells ¢ HPV oncoproteins E6 and E7 None approved, multiple in clinical

antigens®® ¢ Arise in cancer cells from oncogenic viral (HPV-associated cancers of the development
proteins or nonsynonymous somatic cervix, anus and oropharynx)***?
mutations ¢ Individual KRAS mutations
(pancreatic, colon, lung and various
other cancers)*®*
Tumour-associated ¢ Low levels of expression on normal ¢ ERBB2 (some breast cancers and ¢ Sipuleucel-T (anti-PAP vaccine,
antigens’ host cells various other cancers)**® prostate cancer)*®
¢ Disproportionately expressed on * Mesothelin (pancreatic cancerand  ® Blinatumomab (CD19-CD3 bispecific
tumour cells mesothelioma)**** antibody, ALL)**°

¢ Often result from genetic amplificationor ~ ® CD19 on B cell malignancies?”*
post-translational modifications

¢ Can be selectively expressed by the cell
lineage from which the cancer evolved

Cancer/testis ¢ Absent on normal adult cells, except in * MAGE (various cancers)*® None approved, multiple in clinical
antigens™* reproductive tissues (e.g. testes, fetal ¢ NY-ESO-1 antigen (various development
ovaries and trophoblasts) cancers)'®
* Selectively expressed by various
tumour types

Yarchoan et al, Nature
Reviews Cancer 2017 ALL, acute lymphoblastic leukemia; HPV, human papilloma virus; MAGE, melanoma-associated antigen; PAP, prostatic acid phosphatase



Immunocore
ImMmmTAC

Target cell

" -Peptide (the “address”)

Platform:
Combining Engineered TCR (the “GPS”)
- - " I
TCR with anti- ,.--77 Engineered .
Le” » High affinity for target peptide
.- bound to HLA-A*0201

CD3 effector
fu nCtion Natural T cell

Receptor

» Highly specific for tumor

P EEEELEEEELED Plug-and-play Effector
) Activating _  » Single-chain antibody
B O T variable domain (scFv)

targeting CD3 binds to

Oates J, et al. Mol
and activates T cells

Immunol 2015, Liddy N, et
al. Nat Med 2021, Li Y, et
al. Biotechnology 2005.



Gp100: TCR
therapeutics
can target
gp100, an
intra-cellular
protein

Middleton MR, et al.
ASCO 2019

Melanocyte-specific protein

Melanocytes
G | N\

*%. Uveal melanoma
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Melanoma - two stories

Cutaneous

»

»

»

UV damage -
high tumor
mutation
burden

Among most
sensitive to
anti-PDx

Long term
survival from
checkpoints

Uveal

»

»

»

»

»

Unrelated to UV-low
mutation burden

Insensitive to anti-PDx

No SoC- clinical trials
only

Metastases to liver -
highly
immunosuppressive
organ

No change in survival
for 50 years



Tebentafusp showed activity in both
uveal and cutaneous melanoma

Objective
response
rate (%)

Yarchoan et al. N
Engl J Med 2017,
Middleton MR, et
al. ASCO 2016.
Abstract 3016.
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Merkel-cell R4 . Noncolorectal
+ Melanoma % (MMRd)
. » °
. g
Colorectal
(MMRd)
(]
5 Anal et
Renal-cell . Objective Response Rate
® {no. of patients evaluated)
Cervical © 50
Hepatocellular © ° Urothelial 0100
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] © Endometrial
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Tebentafusp induced
increase IFNy and other
inflammatory pathways,
most prominently
CXCL10 (IP-10)

CXCL10, a
chemoattractant, binds
to CXCR3 receptor on
T cells

Middleton MR, et al.
ASCO 2019

Immune modulation  IFNy regulated

Angiogenesis Chemokines

cell adhesion
ECM modulation

Maximal post-dose log2 fold-change, 8 6 4 2 0
relative to baseline concentration | |

CXcL1o
IL-6
CXCL11
CXCL9
IL-10
IFNy
IL-15
IL-TRA
GCSF

Bl NFa

IL-2
IL-2Ra
RankL
IL-4
IL-17
GMCSF
IL-1B
IL-5
IL-12p70
IL-8
MIP-13
BLC
Eotaxin
MIP-1a
CTACK
MCP-1
MMP-1
ICAM1
Galectin3
VEGF
VEGFD
HGF



Greater increase in serum CXCL10 appear was
associated with longer OS and tumor shrinkage

50+ 1.004
0.75
= z
wv ]
c K1
‘@ 3
[
1) 2 o504
& =
S 2
ES <4
b 3
H v (.25
o
04 p=0.00019
T

T T
0 6 12

Max CXCL10 fold change: Median N Bt sl

W Greater or equal 0. at risk:

M Less than mgreater or equal 20 14 13
M less than 20 4 1

Middleton MR, et al.
ASCO 2019
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Increase in serum
CXCL10 correlated
with reduction in
CXCR3+ cells

Middleton MR, et al.
ASCO 2019

CXCR3+ CD+ % population
(24h post 1t dose fold change)

0.95 —

0.9+

0.85 —

0.8

0.75 —

0.7+

0.65

0.6

Spearman R=-0.66
p=0.00104; n=20

10 20 40 60 100

Serum CXCL10
(24h post 1t dose fold change)

1
200



Increase in CD3+,
CD4+, CD8+ and PD- 6000+ % 6000 / 6000 \ 6000 _<_
L1+ cells in tumor -
on tebentafusp 20001 2000+ 2 2000+ j E 2000+
treatment 1000- 1000 1000- 1000

7= / & -

100 100 / 100 100+

60 60 60 60+

20 20- \ 20 204

10 10- 10+ 104

Middleton MR, et al.
ASCO 2019 Baseline ‘Early’ Baseline ‘Early’ Baseline ‘Early’ Baseline ‘Early’

On-treatment On-treatment On-treatment On-treatment



Development of rash (on target/off tumor)

was associated with better efficacy

100 7]
75
50

-100 "

Middleton MR, et al.
ASCO 2019

Strata

B RASH=1
RASH=0

Survival
probability
(%)

1.00 —\_\—‘
75
.50 —
.25
Strata
B RASH=1
\ \ \
500 1,000 1,500
Time



In early phase
studies, IMCgp100
active in liver
metastases - highly
immunosuppressive
environment

Middleton MR, et al.
ASCO 2019

Patient 1

Pseudo-progression followed by
response; patient remains on
treatment after 25 months

Week 100

\
\
g, : e~ -

Baseline

Week 32

Patient 2

Response




Cytokine
Kinetics
paralleled
mechanism-
based AEs

Memorial Sloan Kettering

Cancer Center

Middleton MR, et al.
ASCO 2019

Mean fold change in serum concentration

_ W IFNy
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40 |
20
10~
6
4
2]
.
[ [ [ I [ [ I [ I I
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% Patients

1007

90 7

807

707

60

50

40
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1% dose

4* dose

All
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Fever (pyrexia)
Hypotension
Lymphopenia

8" dose

Grade
Al >3
]

]
H u
=
u




Safety Profile

Middleton MR, et al.
ASCO 2019

Number (%) of Patients (N=83)

Preferred Term Any Grade >Grade 3
Patients with any related TRAE 79 (95.2%) 50 (60%)
Pyrexia 65 (78.3%) 3 (4%)
Chills 49 (59.0%) 0
Nausea 46 (55.4%) 1 (1%)
Pruritus 45 (54.2%) 2 (2%)
Fatigue 41 (49.4%) 4 (4%)
Hypotension 41 (49.4%) 9 (11%)
Periorbital oedema 33 (39.8%) 0
Dry skin 32 (38.6%) 0
Oedema peripheral 29 (49.4%) 0
Erythema 26 (31.3%) 3 (4%)
Vomiting 23 (27.7%) 1 (1%)
Headache 20 (24.1%) 0
Rash 20 (24.1%) 2 (2%)
Hair colour changes 19 (22.9%) 2 (2%)
Rash maculo-papular 17 (20.5%) 5 (6%)
Abdominal pain 17 (20.5%) 1(1%)
Face edema 15 (18.1%) 0
Pruritis generalised 14 (16.9%) 1 (1%)
Skin exfoliation 14 (16.9%) 0



Cancer testis

antigens:

prom isi ng Tuaogﬂazissen Antibodies
therapeutic Ol 1'\
targets \ p/ - A

Cellular response

Humoral response

Gibbs et al. Trends
in Cancer 2018

Expression

Expression

Tesns-rest_ricted/
expression

Normal tissues

TN

Tumor tissues

’ Cancerl/testis
antigen



Numerous

characteristics

shared with
germ cells &
potential
oncogenic
function

Gjerstoff M et al.

Oncotarget
2015,Gibbs et al.

Trends in Cancer
2018

CAGE

FMR1NB
NXF2
SSX2

Sustained

CAGE

FUNCTIONS OF
CANCER/TESTIS
ANTIGENS

Tissue invasion
and
metastasis
Tmm—
MAGE-C2

GAGE
XAGE1

CAGE
CT45A1

Fetus

MAGE-A
MAGE-B
MAGE-C
GAGE
PAGE4
CAGE

Adult
testis

Cell typeftissue

Yolk Sac

Migrating
primordial
germ cells

Colonization of
gonad

Spermatogonia

Spermatocytes

Spermatids/
spermatozoa

00-04-6

Phenotype

Migration,
proliferation

Colonization,
proliferation

Proliferation

Meiosis,
motility

Motility

CT antigen expression

MAGE-A
GAGE

MAGE-A, GAGE,
NY-ESO-1,NXF2,
FTHL17, TAF7L,
BAGE, MORC etc,

MAGE-A, GAGE,
NY-ESO-1, 88X,
SAGE1, NXF2,
TDRD1, TEX15 etc.

SCP1, ADAM2,
SPO11, TSP50,
BORIS, TPTE,
LDHC, TPX1 etc.

SPANX, ADAM2,
SP17, ACRBP,
CAGE, AKAP4,
ZNF645, TPTE etc.



Widely expressed

amongst numerous
malignancies

NYESO-1 synowal |6

sarcoma

Salmanienejad
A et al. Immunol
Invest Oct 2016

PRAME melanoma

PRAME ovarlan ca

BN bl W ) L

Investigated Expression
CTA Tumor type level References
NY-ESO-1 Melanoma 17-42% (Chen et al., 1997; Van Der
Bruggen et al.,, 2002; Vaughan et al.,
2004)
Bladder cancer 32-80% (Kurashige et al., 2001; Scanlan et al.,
2004)
NSCLC 27% (Gure et al., 2005); (Groeper et al., 2007)
Colon cancer 2-10% (Li et al., 2005; Mashino et al., 2001)
Renal cell carcinoma Not detected (Chen et al., 1997)
Lymphoma Not detected (Chen et al., 1997)
Esophageal squamous cell carcinoma 41.4% (Forghanifard et al., 2011)
(ESCQ)
MAGE-A3 Melanoma 57-76% (Brasseur et al., 1995; Roeder et al., 2005)
NSCLC 35-60% (Melloni et al., 2004; Scanlan et al., 2000)
Bladder cancer 57% (Van Der Bruggen et al., 2002)
Squamous esophageal cancer 75% (Weinert et al., 2009)
Hepatocarsinoma 42% (Chen et al., 1997)
BAGE Hepatocarsinoma 21% (Kobayashi et al., 2000)
Melanoma 14-28% (Boél et al., 1995; Ruault et al., 2002)
NSCLC 17-20% (Melloni et al., 2004; Tajima et al., 2003)
Bladder cancer 15% (Scanlan et al., 2002b)
MAGE-A4 ESCC 92% (Forghanifard et al., 2011)
NSCLC 42% (Groeper et al., 2007)
SSX2 liposarcoma %16 (Hemminger et al., 2014)
LAGE1 ESCC 39% (Forghanifard et al., 2011)




Lete-cel: autologous
CD4+ and CD8+ T
cells genetically
modified to express
a TCR recognizing
NY-ESO-1 bound to
human leukocyte

3@"? @

T-cell isolation Lentiviral Expansion
transduction

TCR

antigen A*02 (HLA- PRl
A*OZ) | HLA-A*02:01, @ ’\/

*02:05, or *02:06
D]

Lete-cel
D’Angelo SP, et al. SITC 2020



Study
design

D’Angelo SP, et
al. SITC 2020

PART 1 -

Screening

Leukapheresis
eligibility
screening
28 days
before
apheresis
HLA-A*02
NY-ESO-1

PART 2 -
Leukapheresis
& Manufacture

PART 3 -
Lymphodepletion, Treatment
& Follow-up

Leukapheresis

Manufacture of
lete-cel
42 days

» Enrichment for
CD3+ T cells

« Activation and
transduction
of CD3+ T cells with
NY-ESO-1 TCR

* T-cell expansion

* Harvesting, bead
removal, and formulation

Treatment

eligibility

confirmed

Days -13
to -8

Lympho-
depletion
Days -5
to -2

Lete-cel
infusion
Day 0

Target dose:

0.125%10°
(<40 kg) or
5x10°
(=40 kg)
transduced
cells/kg

Follow-up
disease
assessment
Weeks 4, 8,
12, and every
3 months till
Year 2,
then yearly
till Year 5

Long-term
Follow-up

Study 208750
(NCT03967223)

Long-term
follow-up
Up to 15 years
after
lete-cel

» Toxicity

* Anti-tumor
effects

* Immune
endpoints




Cohort1 (n=12)

Cohort 2 (n=13)

Cohort 3 (n=5)

Cohort 4 (n=15)

Results

Median (range) transduced cell dose 3.60 2.42 3.02 2.40
(x10°) (0.45-14.36) (1.60-5.01) (1.53-5.00) (1.00—4.95)
Efficacy
Overall response rate? 6 (50) 4 (31) 1(20) 4 (27)
(95% CI) (0.21-0.79) (0.09-0.61) (0.01-0.72) (0.08-0.55)
Complete response 1(8) 0 0 0
Partial response 5 (42) 4 (31) 1 (20) 4 (27)
Stable disease 5 (42) 7 (54) 3 (60) 10 (67)
Progressive disease 1(8) 1(8) 0 1(7)
Not evaluable 0 1(8) 1 (20) 0
Median DoR (range), weeks (1%1_'22) (88_'163) (322_';2) (11&34)
Median PFS (95% Cl), weeks (7.715:'3?3.0) (7 gfig.g) (0.78—.1?6.1) (11 .%2—';6.6)
Median OS (95% Cl), months? (8.52:14.1?:3.8) (3.929 9.6) (S.giﬁA) N?é;?:)?ttﬁ;tfrbe
Peak persistence, median (range), DNA copies/jig
Responders® 106,174 65,875 123,314 40,137
(76,185-192,445) (13,365—197,546) (123,314-123,314) (5677-131,176)
30,601 72,564 15,688 19,650

D’Angelo SP, et

al. SITC 2020 Non-responders®

(11,265-119,883)

(22,627-145,791)

(9453-43,015)

(164-111,260)



Depth of ) ‘1,

response ORR 50% ORR 31%

Cohort 3° z: Cohort 4

ORR 20% g ORR 27%

3]
£ o
o .
=100
=120 -

D'Angelo SP, et Best Response: M Progressive Disease B Confirmed Complete or Partial Response [7 Stable Disease
al. SITC 2020



NYESO1 TCR demon-strates efficacy in myxoid LPS

Higher expansion in Higher persistence in
50% ORR in myxoid LPS responding patients responding patients

Change From Baseline in Sum of Diameters in Target Lesions

[}
=
D
3
-3
@
=
2
('
[
o
c
~
£
o

Persistence (Copies/pg DNA)
Vector Copies/pg DNA

2 3 4 5 6 PreT-Cell 10 20 30 40 50 60

g
Time From T-Cell Infusion (Months) Stable disease Confi ; Time From T-Cell Infusion (Days)
onfirmed partial response :
Paient number® <= 10138 1068 11044 11070 11129 =& 11135 & 11244 Patient number -+10138 -+-10268 11044 11070 11129 - 11244 -= 11832

Unconfirmed partial response i i — ; :
Confirmed partial response = Unconfirmed partial response Stable disease pa P! Confirmed partial response Unconfirmed partial response Stable disease

D’Angelo SP, et al. ASCO 2018



MAGE4 TCR Induce Clinical
Responses in Synovial sarcoma

60—

‘—PR UPR 1 SD s PD ‘ ] PR UPR ..SD o PD
40| 0|

Change from baseline (%)
Change from baseline (%)

-100 -

LI L L L L L L L L v s s B BN B
0 1 2 3 4 s 6 7 B 5 o om o m oW o1 5 W T o® B N B w2 B W B BV W W W N 2 W W B B ¥ W ¥

Weeks from T-Cell Infusion

Van Tine B, CTOS 2020



SNASDC Bispecific Antibodies
Targeting Cancer Testis
Antigens




Targeting cancer
testis antigens
with bispecific
antibodies

NY-ESO-1/LAGE-1A TCR
MCnyeso

MSK PI: S D’Angelo

NCT:

®

Memorial Sloan Kettering
Cancer Center

Soluble, affinity enhanced

LT Cell Receptor (TCR)

2

Effector Function
Anti-CD3 scFv

~77 pM

Affinity

!

~12 nM

MAGE-A4 TCR
IMC-C103C

MSK PI: Neil Segal
NCT:

PRAME TCR
IMC-F106C

MSK PI: Matthew Hellman
NCT:



Antigen
expression
across
malignancies

NY-ESO-

Indication 1/LAGE-1A MAGE-A4 PRAME

Melanoma - cutaneous 35% Not eligible 80%*

Melanoma - uveal <10% Not eligible Tobe :
determined

NCSLC - adenocarcinoma <10% <10% 47%

NSC'LC - squamous cell 15% 53% 68%

carcinoma

Ovarian - high-grade serous Not eligible 75%* 97%*

. . . .- : To be

Ovarian - other histologies Not eligible To be determined :
determined

Synovial sarcoma 65% 76%* Not eligible

Urothelial carcinoma 25% 30% 10%



Overview of
study periods

Pre-screening
tests may be
performed at
any time,
including while
patient is on
prior cancer
treatment

Pre-screening
» Sign Pre-screen ICF
» HLA and antigen testing

Screening
» Sign main study ICF
» Perform screening procedures and evaluate eligibility
» 21-day window (28 days for radiological evaluation)

Treatment
» 3 week cycles on Days 1, 8, 15
» Continue until progression or other reason to discontinue

Follow-up
» Safety visit 30 days post last dose
» Follow disease response until PD / start of new therapy
» Survival follow-up through end of study



Study
Design

Phase | Dose-Escalation
HLA-A:02:01 positive patients
NY-ESO-1/ LAGE-1A positive tumor
Synovial sarcoma, NSCLC, urothelial carcinoma, or

Phase Il Dose-Expansion
HLA-A:02:01 positive patients
NY-ESO-1 / LAGE-1A positive tumor Synovial
sarcoma, NSCLC, or urothelial carcinoma

melanoma
MTD /
l_. RP2D
’—> Currently enrolling
Completed cohort
mcg

Escalation guided by Bayesian Logistic Regression
Model with Overdose Control

MTD = maximum tolerated dose;
RP2D = Recommended Phase Il dose




MAGE4 (IMC-
C103C-101)

Study Design
Pl: Neal Segal

Note: Two expansion
cohorts are planned’
additional cohorts may
be opened at the
discretion of the
Sponsor. Expansion
cohorts will initially
enroll up to 9 patients;
may enroll 15 additional
patients (N=24) if > 1
response.

Select

Arm Al Dose-Escalation indication(s) Arm B1 Expansion
IMC-C103C monotherapy for expansion IMC-C103C monotherapy
Cohort 1 Cohort 2 Monotherapy miS R NSCLC I
Startingdose | Startingdose i «..... mipl MTD/RP2D fessssssescn Gatessnnens .i Esophageal Carcinoma I
N=26 N=2-6 s N=6-12 H
vy ¥ aounesuesgy P{ Gastric Carcinoma |
S g . --:I| Urothelial Carcinoma :
cohort(s) | | 0 mesessesess HNSCC
#eecsnsanss >| Ovarian Carcinoma I
----------- >| Synovial Sarcoma I
Note: Additional
atients may be
P d Select
enrolled in any A1 or A2 Arm A2 Dose-Escalation indication(s) Arm B2 Expansion
cotiort riseded o IMC-C103C + atezolizumab forexpansion IMC-C103C + atezolizumab
inform dosing decisions. | — = AT TETEC ’| NSCLC I
2 levels bel
" _ monotherapy Combination | I . N Esophageal Garch |
Additional patients may Lo MTD/RPZSY = ...=s  \TD/RP2D heessmess 2 sophageal Carcinoma
be enrolled in Ne 36 s N=6-12 Ssessess .,| Gastric Carcinoma I
Slomatkar backll s meeassas 'D| Urothelial Carcinoma ]
cohorts to further b 4 :
characterize predictive Fressesn ’| HNSCC I
: Biomarker
and pharmacodynamic chortls) | deeseeees >| Ovarian Carcinoma |
biomarkers -
fasssnaag >| Synovial Sarcoma |




PRAME (IMC-F106C-101): Study Design, Pl: Matt Hellman

Arm A Phase 1 Dose-Escalation Phase 2
IMC-F106C monotherapy Up to 4 indication-specific cohorts
Metastatic or IMCF106C monotherapy
- -
Melanoma
Ovarian Arm B Phase 1 Dose-Exploration
Uterine IMCF106C + selected checkpoint inhibitor

B1 =atezolizumab; B2 = pembrolizumab

scLe > o i 4
e o e -

Urothelial
Other solid




Limitations:
HLA-A*02:01
frequency

Data from the National
Marrow Donor
Program,http://www.allelefreq
uencies.net/

Population(United States of Allele Approximate %
America) Sample Size Frequency Positive
African 28,557 0.1146 22%
African American 416,581 0.1235 23%
Caribbean Black 33,328 0.1107 21%
Caribbean Hispanic 115,374 0.1688 31%
Chinese 99,672 0.0946 18%
European Caucasian 1,242,890 0.2755 48%
Filipino 50,614 0.0671 13%
Hispanic South or Central American 146,714 0.2095 38%
Korean 77,584 0.1857 34%
Mexican or Chicano 261,235 0.223 40%
Middle Eastern or North Co::;:; 70,890 01973 36%
North American Amerindian 35,791 0.2776 48%
South Asian Indian 185,391 0.0492 10%
Southeast Asian 27,978 0.0578 11%
Viethamese 43,540 0.0349 7%



Utilizing MSK IMPACT, Next generation
sequencing assay to identify HLA + patients

DCMS - 19-285 Candidates - HLA-A-0201 pts - 0 new patients - Message (HTML)

File Message Help Q Tell me what you want to do
0 mi b & eh P
s [m] E : & v ~ G [ isc = &2 Mark Unread
- <_) <_) — —2 To Manager M ax
% . Delete Archive | Reply RZF;IIy Forward E‘ID | ™ Team Email - Mc:ve = Bo Categorize » Tranflate
Delete Respond Quick Steps [ Move Tags [ Editing

Mon 3/9/2020 7:03 AM

D darwin@mskcc.org
DCMS - 19-285 Candidates - HLA-A-0201 pts - 0 new patients

To Callahan, Margaret K./Medicine; D'Angelo, Sandra P./Medicine; Hellmann, Matthew D./Medicine

Cc Eubank, Michael/Information Systems

8 o w1 g Sam | cohort notification for
LACRE WV 28 ¥119-285 Candidates - HLA-A-0201 pts =

1881 active patients

-

-

A

Read
Aloud

Speech

Q

Zoom

Zoom



HLA Genotype as Measured by MSK-IMPACT and
Outside CLIA-certified Laboratory is consistent

P HaAal HAA2 HABL HLAB2  HACT  HLAQ HLA_A1 HLALA2  HLAB1  HLAB2  HLACI  HLAC2
01:01 31:01 13:02 35:02 06:DDAR 04:JKTU 01:01 31:01 35:02 13:02 04:01 06:02
01:01 30:04 35:02 57:03 04:KTU  O7:AAGAJ 30:04 01:01 57:03 35:02 04:01 07:01
02:01 02:02 39:05 44:03 03:05 14:02 02:02 02:01 39:01 44:03 14:02 03:04
01 02 07 08 07 15 01:01 02:01 07:05 08:01 15:05 07:01
01 03 07 08 07 07 03:01 01:01 07:02 08:01 07:02 07:01
33 68 15 50 02 06 68:01 33:.01 50:01 15:03 02:10 06:02
(XTI 02:02:01  33:01:01 15 a4 05 14 02:02 33:.01 44:02 15:16 14:02 05:01
23 31 35 a4 02 04 23:.01 31:01 44:03 35:01 02:02 04:01
32 33 a2 a4 04 17 32:01 33:.01 a2:01 44:03 04:01 17:01
P-0027364 2:01 11:01 07:TOVB 3505 O7:-ABSED  O4uUKTU 11:01 02:01 07:02 35:01 07:02 04:01
02:01 24:02 18:RRG A4HTH  07:AJKDW 05:01 24:02 02:01 18:01 44:02 05:01 07:01
02:01 24:02 39:01 44:27 07:ABSED 07:ET 24:02 02:01 39:01 39:01 07:04 07:02
03 25 07 39 07 12 03:01 26:01 07:02 39:01 12:03 07:02
01:01 68:01 NA NA NA NA 01:01 68:01 14:02 35:02 08:02 04:01
P-0013119 02:01 24:10 NA NA NA NA 24:10 02:01 15:25 15:01 04:01 04:03
03:01 26:01 NA NA NA NA 03:01 26:01 07:02 15:17 07:02 07:01
03:01 2:02 NA NA NA NA 03:01 29:02 07:02 41:03 16:01 07:02
P-0021211 68:02 02:01 NA NA NA NA 68:02 02:01 53:01 29:01 04:01 07:01
11:01 33:03 NA NA NA NA 11:01 33:03 15:02 18:01 08:01 12:03
01:01 2:01 NA NA NA NA 01:01 02:01 08:01 15:03 02:10 07:01
Rosenbaum et P-0003328 03 23 07 08 07 07 03:01 11:01 57:01 13:02 06:02 06:02
al. CCR 2020 NA NA NA NA NA NA 24:03 24:02 40:06 18:01 15:02 12:03



Survival probability —— 1: HLA-A*02-Negative — 2. HLA-A*02-Positive

HLA genotype 104
doesn’t impact

overall survival in 08
cohort of patients
with synovial e
sarcoma g
02 |

P=0.048

00 -
@ 1: HLA-A*02-Negative | 46 37 29 20 9 9 5 2
20 14 10 3 1 1 0

Memorial Sloan Kettering 2: HLA-A02-Positive T T T T T T
Cancer Center 0 12 24 36 48 60 72 84

Rosenbaum et al. CCR 2020 Overall survival (months)




Ideally....

a universal
screening
master
protocol
can further
expedite
patient
enrollment

» ldentify HLA A02:01+ patients by MSK
IMPACT and proceed to antigen testing

» Test for applicable tumor antigens
» - MAGE4/NYESO1 IHC Assays

» Enroll in treatment portion of
respective protocol



NK cell redirectors

Redirect NK cells to malignant cells by
targeting tumor antigens and CD16A

Target Example Stage
CD30 x CD16A AFM13 Il
EGFR x CD16A AFM24 Pre-clinical

BCMA x CD16A AFM26 Pre-clinical



AFM13: For CD30 +

Malignancies

Bispecific,
tetravalent chimeric
antibody construct

L1

L3

Tumor size (%
change from
baseline)

160
140
120
100
80
60

2

L= -

-20

g8 3



Tumor Targeted

Directs co-stimulation to the tumor infiltrating immune cells by
targeting a tumor antigen and con-stimulator molecule

Target Example Stage
TA x CD40 ABBV-428 I
HER2 x 4-1BB PRS343 I

FAP x 4-1BB 4-1BB agonist PC
5T4 x 4-1BB MGDO006, JNJ-63709178, Xmab14045 I

Dahlen E et al. Therapeutic Advances in Vaccines and immunotherapy. 2018



CEA-TCB

2-to-1 format

Binds w 1 arm to CD3 on
T cells and with 2 arms Study 1: CEA-TCB monotherapy Study 2: CEA-TCB + atezolizumab

to CEA on tumor cells

n=31,60-600 mg n =25, 5-160 mg

100 1 60mg W 200mg 100 1 5mg W40mg
H90mg E300mg A “10mg m80mg
®100mg ®400mg H20mg m160mg

135mg W600mg AMSI
* MMR unknown

[$)]
o
f
[8)]
o
1

&
=)
:

lesions from baseline, %
o
o o
N

Best change in target
lesions from baseline, %
o
Best change in target

-100 - -100 -

No clear correlation of CEA-TCB dose and response Correlation of CEA-TCB dose and response

Tabernero J et



ZW25: bispecifc Her-2
targeted antibody

Cross-linked
trans HER2
binding and
HER2
receptor
clustering

Meric-Bernstam F, ESMO 2019

Majority of response-evaluable patients had a decrease in target lesions

60 (N=43)!
40
20+ |
ot Illll-l —
4 '
9§ 7
a
40
® Biliary Tract
® Cervical
® Colorectal
60~ @ Endometrial
® Fallopian Tube
® GEA
® Lacrimal Gland
-80— Ovarian
@ Pancreatic
® Salivary Gland
-100-
Prior Trt ™ TR Y T TYTTYTTYT?Y ™Y T ™R W 4 4 " L R I T
IHC |30202203'3030!03'30303030303050230303930293036103939&!0!6303030 3030303023»30!0
FISH 4 4 4+ 2 + % 4 4+ 4+ % 4+ 4 4+ 4 4 % + 4+ 4 % 4. 4 + 4+ 4+ 4 4+ + 4+ 4+ 4+ 4+ + 4+ - + 4+ +

1 3 of the 46 resporse-evaluable patents had no post-baseline dsease assessment of their target lesions



Dual Immunomodulators

Simultaneous targeting of two immunomodulating targets resulting in blockade
of inhibitory targets, depletion of suppressive cells or activation of effector cells

Target Example Stage
PD1 x LAG-3 MGDO013, FS118 I

PD-1 x TIM-3 MCLA-134 Pre-clinical
PD1 x CTLA4 XmAb20717 Pre-clinical
CTLA-4 x OX40 ATOR-1015 Pre-clinical

Dahlen E et al. Therapeutic Advances in Vaccines and immunotherapy. 2018



DO11.10 LAG-3 + LX35.2 cells DO11.10 + LX352 PD-11 cells

LAG/PD-L1 2000 sl
bispecific antibody ™ . =
blocks immune % — § o
suppression in- i =
vitro [ P F
. moiwmtcmx:m) = = mA:irmAb‘m:tmn:: (nM) .

PD-L1 FAB BINDING SITES

/ DO11.10 LAG-3 + LK35.2 PD-L1 cells
800 4 -~ LAG-3/PD-L1 mAD® & LAG3mAb
3 - @ LAG-3/mock mAD® + PD-L1 mADb @~ PD-L1 mAD
0 1 /{ l - LAG-3/mock mAD® ~#- LAG-3 mAD + PD-L1 mAD
°

LAG-3 FCAB BINDING SITES  LAG-3 FCAB BINDING SITES

Fcab mAb?

Figure 11. DO11.10 cells were incubated with the
indicated mAb or mAb? while LX352 cells were
incubated with OVA peptide and then combined.
Cells were incubated at 37°C for 24 hours prior to
measuring IL-2 levels in the supernatant by ELISA.

IL-2 release (pg/mlL)

Kraman M, SITC 2016 0.04 o4 1 10 100



MGDO13

MGDO013

)

LAG 3 LAG- 2
|
I\

PD-1 x LAG-3
Tetravalent Bispecific
DART Molecule

Ulahannan S et al. ASCO 2020

Change t'om Basedne (%)

100

Best % Reduction of Target Lesions
RECIST Evaluable Population (n=42)*

A : Previous Checkpoint Inhibitor

Coton
W sam W oom I W 20mg W 00mg
W s0omg W 1200m3 W wCC120mg W wCC400mg M HCC 6Oy

* Based on patients with baseline and post-treatment tumor measurements. Data cutoff: Apeil, 25, 2020

Confirmed Partial Responses (n=1, each):

TNBC (10 mg)
Mesothelioma (800 mg)
Gastric Cancer (1200 mg)
18 patients with SD as best overall response (DCR = 48.8%)

]- Refractory to anti-PD-1 treatment

Immune-Related Adverse Events of Special Interest (AESIs)

No. (%) of Patients

All Grades >Grade 3

(N=53) (N=53)

Rash 7(13.2) 1(1.9)
Hypothyroidism 6(11.3) 0

Immune-mediated hepatitis 2(3.8) 2(3.8)

Pancreatitis 1(1.9) 1(1.9)

Colitis 1(1.9) 1(1.9)

Adrenal insufficiency 1(1.9) 1(1.9)
Hyperthyroidism 1(1.9) 0

* Well-tolerated with manageable irAEs
» Safety consistent with anti-PD-(L)1 toxicity profile
* MTD not exceeded or defined at up to 1200 mg Q2W

* Dose limiting toxicities:
* Immune-mediated hepatitis (1200 mg — primary dose
escalation); resolved without sequelae

* Lipase increase with radiographic evidence of pancreatitis (600
mg — HCC escalation); dose level subsequently cleared



PD-L1 x TGFbeta

M7824
a-PD-L1/TGF-BRII Trap

N\ N/
N £
19G,4

Linker / |

TGF-8
binding

Lind et al. JITC 2020

% Change of sum of longest diameter

90 — /“

40

-o-CR
-o- PR
-e-SD, PD or NE
Patient off treatment
@ First occurrence of new lesion

0.3 ma/kg—»10 ma/ke

60— (anal)

- L & T I i L T . I & & I
0 14 28 42 56 70 84 98 112 126 140 154 168 182

- 0 _F b ¢ _F i 4 1
196 210 224 238 252 266 280 294 308

Study day
First dose
100 4 l
g
&0 4
=
g
E
40 4 B
N 8
=y Treatment
/ 20 4 Y discontinued
A S ' i ;
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D) >z o R - i —
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Rising Bispecific Antibody Programs

>

Nie S et al. Antibody Ther, 2020

Preclinical
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< Phase Il 4
— 50
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Potential
target
pairs of
bispecific
programs
in pre-
clinical/cli
nical
space

Nie S et al. Antibody Ther, 2020
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Clinical
Development
Pipeline

[l Non-cancer

[ Solid tumours

M Solid tumours (CD3-based)

[ Haematological and solid tumours

H Haematological tumours

M Haematological tumours (CD3-based)

Labrijn A et al. Nature Review 2019

a 60+

Numberof bsAbs

(RSN

—6

) Withdrawn
B Market

B Phase I

[ Phase I

O Phase 11
OPhasel

B IND active



Challenges to
overcome

1884

Memorial Sloan Kettering
Cancer Center

Obstacles to T cell therapy

Inhibitory
! checkpoint
receptors
Inhibitory
checkpoint
ligands

N Non-specific
TCR

1 Tumor-specific
TCR

Exhausted
Tcells

f pMHC
LA down-
regulation




Factors to
consider

Bispecific
antibody
potency

Binding epitope

Antibody affinities

Specific format

Efficiency of

T cell activation
and Target
killing



Future
directions

ncreasing
target
avidity



specific

Tri P le ' Myeloma cell \ v T cell

T cell .«
engager — e e

Toxicity due to
cytokine release

Trispecific
antibody

Guo et al. Biomedicine 2020



BiTE-armed
oncolytic
virus

S
oV

¥

BiTE-OV

Guo et al. Biomedicine 2020

G
FS3

S

* 2. Enhanced bystander killing %

Tumor cell

1. Limited OV spread
2. Limited TILs

1. Enhanced TILs

Limited
—> antitumor
effect

Tumor cell lysis

Enhanced
= antitumor
effect




Conclusions

» Bispecific antibodies will continue to evolve as promising cancer
therapeutics

» Capitalizing on targetable cellular markers or genomic susceptibilities
will further contribute to the progress

» Addressing safety, the complex solid tumor immune microenvironment
and mechanisms of immune resistance/escape will be essential

» Future directions will incorporate novel approaches such as triple
specific engagers or BITE-armed oncolytic viruses
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