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Bispecifics: Year of FIH study entry
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Bispecifics in Oncology
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dMost (80%) are for cancer; 51 at Ph1 and 9 at Ph2

 T-cell redirection (38/60, 63%) most common mechanism of
action
Most frequent TAAs are CD20 and B-cell maturation antigen
(5 bsAbs each), followed by CD33 and CD123 (4 bsAb each)
JEGFR family, Inmune checkpoints targets also popular
* VEGF EGFR, HERZ2 (5, 4, 2 bsAbs, respectively), with DLL3/
VEGF most frequent (3 bsAbs)

PD-1, PD-L1 (4, 2 bsAbs, respectively) with PD-1/CTLA4 most
frequent (3 bsAbs)

Reichert, J, 2018, The Antibody Society website
CIPSEN
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A
Bispecifics in hon-cancer indications S

Hdonly 15 (20%) bsAbs currently in clinical studies are for non-
cancer indications

* 10 atPhase 1,5 at Phase 2
UDisorders include immune-mediated/inflammatory (9 bsAb),
metabolic, neurological, ophthalmic, respiratory disorders and
infectious disease

* Diverse array of targets, with IL-17 (3 bsAb) and TNF (2

bsAb) most frequent

UR0O6867461 VEGF-A/Ang-2 CrossMab ready to enter Phase 3 in
diabetic macular edema
EIPSEN Reichert, J, 2018, The Antibody Society website
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bispecific antibody conjugates hiyibrid hhmm: |ﬂﬁl
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A zoo of formats exists

appended IgGs - HC fusions
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appanded lgGs - LC fusions appanded lgGs - HC & LC fusions
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Examples of bispecific diabody-based scaffolds

BiTE
(Bi-specific T-cell engager)

Target A Target B

# 1 single polypeptide chain
# Flexible linker
# No chain dimerization

TN T B T T

>
>

DART
(Dual affinity retargeting)

TCES

Target B

—\k FNRGEC -
----/V( . VEPKSC s

/ Target A

2 polypeptide chains

No linker — interchain disulfide bridge
» Fusion to Ckappa and lgG1 upper hinge

TandAb

(Tetravalent tANDem antibody)

# 1 single polypeptide chain
# Highly flexible linkers
» Chain dimerization

Target B

Target A

NKCEs
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BISPECIFIC T CELL ENGAGERS OR
BITE®




T cell engagers create an immunological synapse

Regular T cell activation

U U

U u

SIPSEN
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Specific T Cell Receptor

Peptide Antigen Presentation
and Processing

MHC I/g2 Microglobulin
Co-stimulatory Molecules

TCR structure

TCR

l_‘.—l
antigen recognition

signal transduction

CD3-engaging scaffold

B,

CO3=

O Any Cytotoxic T Cell (= Polyclonal)
O No Peptide Antigen

O No Antigen Processing

O No APCs needed

O No MHC I/p2 Microglobulin

O No Co-stimulatory Molecules

10



Cytolytic Immune Synapse

Activation markers
" Cheo =
"CDh25&

" Granzymes &

Cytolytic " Perforin &
granule " Cytokines &2
il Antibody
Proliferation
TAA on
tumor cells

Apoptosis

" Caspase activation &
" DNA fragmentation &2
" PARP cleavage &2

" Morphological changes

Innovation for patient care
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T cell engagers in clinical development

Specificities (Target X

Effector Cell) Drug Stage Comments Trial Idenrtifier
B CD19 x CD3 Blinatumomab*“ Market and multiple Treatment of refractory/relapsed ALL NCT02811679
phase II/III ongoing and phase II for r/r NHL
studies

CDI19 x CD3 AFM11 Phase 1 NHL and ALL NCT02106091; NCT02848911
CD20 X CD3 RG6026° and REGN 19797 Phase 1 NHL and CLL NCT02290951; NCT02290951
CD20 x CD3 Mosunetuzumab® Phase 1 NHL, CLL, and DLBCL NCT02500407; NCT03677154

CLECI12A X CD3 MCLA-1177 Phase 1 AML NCT03038230
— CD33 x CD3 AMsG 330, GEM333, Phase 1 AML and MDS NCT02520427; NCT03516760;

and AMV5S64 NCT03516591
CDI123 X CD3 MGDO006, JNJ-637091787, Phase 1 AML NCT02152956; NCT02715011;

and APVO436° NCT03647800
BCMA X CD3 BI 836909, INJ640079577, Phase 1 Multiple myeloma NCT02514239; NCT03145181;
PF-06863135%, and NCT03269136; NCT03761108

REGN5458

— D38 X CD3 GBR 1342¢ Phase 1 Multiple mveloma NCT03309111
2202

™ HER2 X CD3 GBR 13027 Phase 1 HER2-positive solid tumors NCT02829372
PSMA X CD3 AMG 160 and ES414“ Phase 1 Prostate cancer NCT03792841; NCT02262910

DLL3 x CD3 AMG 757 Phase 1 Small-cell lung cancer NCT03319940

NYESOI1/LAGE-1A X IMCnyeso Phase 1 NYESO1 or LAGE-1A solid tumors NCT03515551

e CD3
SSTR2 x CD3 XmAb18087° Phase 1 Neuroendocrine rumors and NCT03411915
gastrointestinal stromal tumors

GPC3 x CD3 ERY974“ Phase 1 GPC3-positive solid tumors NCT02748837

Gpl100 X CD3 IMCgp100 Phase I/I1 Uwveal melanoma NCT02570308

GD2 x CD3 Hu3F8-BsAb“® (GD2/CD3) Phase I/I1 Neuroblastoma, osteosarcoma, and NCTO03860207

: l?_ other GD2-expressing solid

Mostly Pre-PoC assets rmots Strohl & Naso, Antibodies 2019
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Prototypical TCE: blinatumomab — BLINCYTO®

v H{w ] v Hui— FDA approval history

CD19 CD3e

Mar 29, 2018 === FDA Expands Approval of Blincyto (blinatumomab) to Treat Minimal Residual Disease-

Positive B-Cell Precursor Acute Lymphoblastic Leukemia

" Engineering:

0 ) ) )
1 Smgle pOIypeptlde chain Jul 11, 2017 FDA Grants Full Approval for Blincyto (blinatumomab) to Treat Relapsed or Refractory

O FIeXIble_ Iml_(er _ _ B-cell Precursor Acute Lymphoblastic Leukemia in Adults and Children
0 No chain dimerization

" Dosing Sep 1,2016 =™ FDA Approves Blincyto (blinatumomab) For Use In Pediatric Patients With Philadelphia
O Continuous |V infusion Chromosome-Negative Relapsed Or Refractory B-cell Precursor Acute Lymphoblastic Leukemia

O Dose weight-adapted
O Lead-in dose (1/3 of target)
to diminish CRS risk

Dec 3,2014 gEZ=z®» FDA Approves Blincyto (blinatumomab) for Precursor B-Cell Acute Lymphoblastic

Leukemia

SIPSEN
Innovation for patient care
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Adverse reaction | Me10%) AWN
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BLINCYTO® TOWER R L
Ph.3 study: SAFETY

Cardeac disorders

General disorders and administrotion-site conditions

Two black boxed warnings
Issued by FDA:

Immune system disorders

> CRS In:ljcc:til:tn: ﬂnd--infcstntiun:
> Neurological toxicities e

Injury, podsoning, ond procedural complications
Investigotions
Mervous system disorders

(o8 IPSEN S5kin and subcutaneous tissue disorders

Innovation for patient care
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AMGEN
BLINCYTO® TOWER Ph.3 study: EFFICACY

Primary endpoint: Overall survival (intent-to-treat population)**

Overall response

BLINCYTO® (n=271) BLINCYTO?® significantly increased complete remission rates compared with SOC

10 Median OS e chemotherapy?
. 7.7 months
} (5% Cl: 5.6-9.6) HR: 0.71 {95% Cl: 0.55-0.93} * 5§
R v R CR/CRhR*,55
£ 06 P <0.001™
o
20
3 o 4.0 months
Ao - SOC n=27/134 BLINCYTO® n-115/271
’ Subjects at risk: {95% Cl: 14—28} CQS% Cl; 3?—4‘?]
P | 176 124 79 45 27 9 4 0 0
134 Fal 41 7 17 7 4 1
0.0
8 2 _
y ’ ’ ’ . . ] . : “ Median duration of remission (DOR)
Study Manth
Primary endpoint: Overall survival* BLINCYTQO® produced a more durable remission compared with SOC chemotherapy

@ smong patents ho hac CRICRN

= Continuous IV infusion for 1 to 2 induction cycles
{4 weeks on, 2 weeks off)

.
= 9 mcg/day on days 1-7 of cycle 1 and 28 meg/day Consolidation,
on subsequent days maintenance,
2:1 and follow-up, 5.4 months 7. 6months
el by Standard-of-care chemotherapy* {investigator’s choice depending on
of one of the regimens below) n=134 e SOC n=2//134 BLINCYTO® n=115/2/1
. . induction (95% Cl: 1.8-19.0) (95% Cl: 5.8-10.2)
*  FLAG £ anthracycline-based regimen .

*  HIDAC-based regimen
= High-dose methotrexate-based regimen

Clofarabine-based regimens

15



BISPECIFIC NK CELL ENGAGERS




NK cell engagers: mimicking the TCE concept

d Mimicking Mab Fc
properties: ADCC/ADCP

 Selective binding to
CDl6a/FcyRllla

4 No binding to inhibitory

~cyRlla

4 Independent of CD16a

nolymorphism (V/F158)

nnnnnnnnnnnnnnnnnnnnnnnn
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Reminder: human FcyRs

Name FcyRI FcyRlla FcyRIllb FcyRllc FcyRllla FcyRlIllb
CD64 CD32a C32b CD32c CD16a CD16b
Structure
-
common m ] GPY
y-chain
ITAM ImiM
Function Activating Activating Inhibitory Activating Activating Activating
Affinity High Low Low Low Low Low
SNP 131H/R 2321 S57TQIX 158F/V NA1/2
R: reduced T: decreased X: stop codon V: increased MNA2: reduced
affinity to 1gG2 inhibitory (non-functional affinity to affinity to
activity protein) lgG1/3/4 lgG1/3
S1IPSEN

........................ Activated by higG1 18



Examples of NK cell engagers

Mode of Action Targets Molecules/ Development
Biotech stage
NK cell Tandab CD30xCD16 AFM13 Ph.2
redirection Tandab BCMAXCD16 AFM26 PC
triKE CD133xCD16 N.A. PC
aTriFlex BCMAXCD200xCD16 N.A. PC
BIKE CS1xXxNKG2D N.A. PC
IgG like CD20xNKp46 Innate PC
Pharma
% IPSEN \I\//Ivgzicer(]:if]‘eig%rgizsn’ces 2019
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A
AFM13 induces CD30-specific NK cell activation & aff]

med
proliferation -
C
- )
m e
Y
¥ &R .
RN
¥ @oe .
j . .
.2
AFM13 Q* NK . Perforin ‘f CD30"
“YEE TandAb § cen W CDIGA GrzB tumor cell
Activation markers Apoptosis
" CDh25& " Caspase activation &2
" CDl137 & " DNA fragmentation &
" Granzymes & " PARP cleavage &
SIPSEN " Perforin &

Cytokines (IL15, IFNy) & 20



AFM13 Is the Most Advanced Bispecific NK-Cell Engaging Antibody in Clinical [ T
Development Substantially Enhancing NK-Cell Effector Function and Proliferation aﬁcl
Jens Pahl, PhD'; Uwe Reusch, PhD?; Thorslten Gantknle, PhD?; Annelz(?brber, MDZ:,:O;Chjm I:och, PhD.Z; II;'\.flartin Treder, PhD?* and Adelheid Cerwenka, PhD* med

s » B Yi ' Es Y I— J
AFM13-mediated NK cell activation AFM13-mediated
tumor cell killing
CD25/IL-2Ra CD132/IL-2Ry CD69
80- Karpas-299
& 60-
-
84] § m

g A

04

1

== NK cells only ==+ anti-CD30 IgG

- =@= +AFM13 =@= + AFM12 neg. ctrl TandAb
B NKcells only + soluble AFM13 _
B + Karpas-299+AFM13 B + Karpas-299+AFM12 AFM12: CD19xCD16a
IPSEN Pahl J et al, ASH2016

Innovation for patient care
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CD16A-Specific Tetravalent Bispecific Immuno-Engagers Potently Induce
Antibody-Dependent Cellular Phagocytosis (ADCP) by Macrophages

Susanne Wingert!, Uwe Reusch!, Armin Beez!, Jens Pahl?, Adelheid Cerwenka?, Joachim Koch!, Martin Treder'®
L Affimed GmbH, Im Neuenheimer Feld 582, 69120 Heidelberg, Germany; 2Department for Immunobiochemistry, Medical Faculty Mannheim, Heidelberg University, Mannheim, Germany

A
PBMCS@ "

]
affi
LmedJ

3 L-428 - «; KARPAS-299
Over-night ‘E ;. £
l culture 5 E 5-
Adherent cells é e E .
1+M_C5F : 37 W2 hr E - AFM13
. E N 4 ; :: - w/o antibody
unpolarized ERE 3 . {
macrophages (MO0) :‘; %
LPS," IL-4 IL-10 uqm’nantihudy AFM 13 control antibody ) nn 1 1: :*T- ; ; ; ; :; 9 1Iu
IFN-y 1 1 E:T ratio (X:1)
vio M W ¢ 1 KARPAS-299
AFM13-induced ADCP is: I / t_{ o ey
* tumor antigen-specifc :
* depends on binding to both CD16a on S o AFM12: CD19xCD16a
macrophages AND TA on tumor cells 2l . .
IPSEN e en P e e P

Innovation for patient care

Wingert et al, ASH2018

antibody concentration [pgimlL]
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0 0

CorumBia UNIVERSITY
MEebpicaL CENTER

Ahmed Sawas, MD’, Pei-Hsuan Chen? George Vlad, PhD?, Mikel Lipschitz?, Jennifer Lue, MD?, Changchun Deng, MD, PhD", Jennifer E Amengual, MD’, Enrica Marchi, MD?, Francesca
Montanari, MD', Maher Abdul-Hay, MD*, Jonah Shulman, MD®, Hager Elgedawe’, Matthew Shong’, Karen Khan, RN, Larisa Geskin, MD?, Scott J. Rodig, MD, Ph??, and

Cohort Dose regimen

Dose Schedule
Cohort 1 1.5 mg/kg weekly
Cohort 2 7.0 mg/kg weekly
7.0 mg/kg
Cohort 3 CIVI * weekly
200mg
Cohort 4 fat dose weekly

*1 mg/kg loading 6mg/kg as continuous infusion for 5 days per week

[
=

% CD56+

=1
@
1

m Responder
Bl Non-responder

% of total cell
-
=

Pre W1

W4 W8 EOS Pre W1 W4 W8 EOS

% CD30+

% of total cell
o

w4 ws

Clinical and Biological Evaluation of the Novel CD30/CD16A Tetravalent Bispecific
Antibody (AFM13) in Relapsed or Refractory CD30-Positive Lymphoma with

Cutaneous Presentation: A Biomarker Phase Ib/lla Study (NCT03192202).

affi’

med
Owen A. O'Connor, MD, PhD’?
Total Cohort Disease Toxicity Response
Duration exposure S-ALCL, Alk (-) No AE PR
weeks 1-8 12 mg/kg 1 T-MF No AE POD
weeks 1-8 56 mg/kg . ALCL | Bash {.64) cR
weeks 1-8 56 mg/kg Skin infection (G3)
MF IRR (G1) SD
weeks 1-8 1600 mg 5 T-MF IRR (G1) SD
T-MF Skin infection (G3) Not
IRR (G1) assessed
T-MF No AE PR
3 S-ALCL, Alk (-) No AE PR
MF No AE POD
4 T-MF No AE PR

Jd AFM13 well tolerated

4 AFM13 high ORR 50% & active
post-Adcetris

d Biomarkers indicated

increased NKs In responders
Sawas A et al, ICML2019

S

Disease: forms of cutaneous T cell
lymphoma:

S-ALCL: systemic anaplastic large cell
lymphoma

T-MF: transformed mycosis fungoides

Clinical response: CR, complete
response, PR: partial response, PoD:
progression of disease 23



BISPECIFIC IMMUNE CELLS MODULATORS




Major immune
receptors controlling
T cell activation

Bispecific MOAs engaging

Immune checkpoints:

» Dual Targeting of 2 inhibitory

CPs ie., PDIXLAG3

» Dual co-targeting of one
Inhibitory and one co-stimulatory
ICP i.e., PD-L1x4-1BB

» Tumor-restricted co-stim. ICP
targeting /.e., Her2x4-1BB

Innovation for patient care
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Examples
of
Bispecific
ICP
modulators

Wurch & Chames,
Médecines&Sciences 2019

SIPSEN

Innovation for patient care

Co-inhibitory
immune modulators

Dual immune
modulators

Tumor-retargeted
immune-modulators

Immune modulators
& cytokines

Mode of Action

Co-engagement of
two inhibitory ICPs to
enhance T cell
activation

Co-engagement of
both inhibitory & co-
stimulatory 1CPs to
maximize T cell
activation

Selective tumor
targeting of a co-
stimulatory ICP by
co-engagement of a
tumor-associated

antigen

ICP engagement
coupled to a cytokine

PD-1XLAG-3
PD-1xTIM-3
PD-1XTIM-3
PD-L1XLAG-3
CTLA-4xLAG-3
CTLA-4xPD1
CTLA-4xPD1
PD-1XICOS
PD-L1x4-1BB
PD-L1x4-1BB
PD-L1x4-1BB
PD-L1x4-1BB
PD-L1x4-1BB
PD-L1x4-1BB
CTLA-4xOX40
CTLA-4xGITR
HER2x4-1BB
GPC3x4-1BB
5T4x4-1BB
FAPx4-1BB
FAPXCD40
PD-L1 xTGF-ptrap

CTLA-4 XTGF-ptrap

Molecule

MGDO13

ROT121661

MCLA-134

F5118

KmAb22541

KmAb20717

MGDO19

XmAb23104

PR5-344

MCLA-145

F5222

NDO21

ATOR-1015

ATOR-1144

PRS-343

PRS-342

AGLAPV-52T

MP310

M7824

Development

Ph. |

Ph. |

FC

Ph. |

Ph. |

Ph. |

Ph. |

Ph. |

FC

Ph. |

PC

FC

PC

PC

FPh. |

PC

Ph. |

PC

FC

PC

PC

Ph.1l

PC
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2020

A Phase 1 Dose Escalation
Study of PRS-343, a HER2/4-1BB
Bispecific Molecule, in Patients
with HER2-positive Malignancies

Innovation for patient care
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HERZ2-targeting moiety of the drug

localizes to the tumor microenvironment

and facilitates 4-1BB cross-linking

HER2
targeting

Antibody ae

PRS-343

4-1BB
targeting
Anticalin®
Proteins

. ».
—ple.r|8—

| PPPPPPPPPPPPPPP

4-1BB cross-linking ameliorates
T-cell exhaustion and is critical
for T-cell expansion

3

PD-L1 HER?

Y

Atezolizumab PRS-343

PD-1 Co-Stimulation

Blockade of
Checkpoint
Inhibition

4-1BB

28



Cohort 13b 12b 11c Obi 11b 11 10

BestResponse | o ® | CGwe | aw. aaw’ | aaw | aw o aw
Evaluable Patients 3 2 4 2 7 4 6 5 33
CR 1 - - - - - - 1
PR - - - 3 - - - 3
SD - - 1 1 3 3 3 2 13
ORR 0% 0% 0% 0% 0% 0% 12%
DCR 33% 0% 25% 50% 86% 75% 50% 40% 52%

Schedule 1: Q3W dosing on day 1; 21-day cycle
Schedule 2 (b): Q2W dosing on days 1, 15; 28-day cycle
Schedule 3 (c): Q1W dosing on days 1, 8, 15; 21-day cydle

In combination with atezolizumab: Q3W dosing on day 1; 21-day
“IPSEN {:yrcle

Innovation for patient care

ACTIVE

SCHEDULES
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Increase in CD8+T Cells Support 4-1BB Engagement —pié’ris-

by PRS-343

| uuuuuuuuuuuuu

Pre-dose PRS-343 PRS-343 Post-dose
(Cycle 1 Day 1) (Cycle 2 Day 1) (Cycle 2 Days 2-8)

*
o 6+ * Unpaired 2 tailed t- & SD=C6
5 e APR
- o O p<0,05 H
al-u o : ACR
n o 4-
S = B rD
éﬂE 21 = -
c E -
s M1 Tane "o
G | mE
L 0 T 1
: Non-Active Dose Active Dose
SIPSEN Cohorts 1-8 Cohorts 9-13b
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Other examples of bispecific Ab-based molecules

TCR-based TCE

4 Product: IMCgp100

4 Biotech: Immunocore (UK)

d Engineered solTCR against
gpl100 fused to CD3 scFv

4 Pivotal study in metastatic
uveal melanoma on-going

Cancer cell

MHC/HLA

ImmTAC
molecule

Natural
TCR

Immunocytokines

U Product: bintrafusp alfa/M7824
J Pharma: Merck Serono/NCI

U PD-L1 Mab fused to TGFf trap
4 Pivotal study in 15t line NSCLC

M7824
a-PD-L1/TGF-BRII Trap

N )
/.

Linker § 1\

TGF-
binding




Take-Home messages

d Novel immune cell activators have emerged in the last decades thanks to the
Increased knowledge in tumor immunology and the engineering and design of
numerous novel antibody- & non-Ig-based formats

1 Most of these novel therapeutics showed promising preclinical data & for the most
advanced early signs of clinical efficacy

4 Despite the approval of blinatumomab in 2014 & first ICP inhibitors in 2011 (ipi) and
2014 (nivo), next generation molecules with potential BiC profile show difficulties to
gain approval

4 Solid tumors remain a real challenge for these novel classes of immune cell
modulators

J Combination treatments will certainly be needed to increase the clinical benefit for

Innovation for patient care
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