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Challenges of T cell-based Immunotherapy in AML
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Target Antigens for Bispecifics in AML: Inter- & Intra Patient Heterogeneity

Clonal Complexity Target Heterogeneity
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Nixdorf et al, EHA 2022
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Target Antigens for Bispecifics in AML: On-Target-Off-Leukemia Toxicity
A small Therapeutic window

Antigen Expression in AML and Normal Hematopoiesis Common Target Antigens are Lineage Derived
Population HSPC
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Haubner et al, Leukemia 2019



Dual Targeting Strategy in AML: Construct Design determines Specificity vs Escape

Identification of Suitable Target Antigen
Combinations
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Haubner et al, Leukemia 2019

Hemibodies to Eliminate dual Antigen positive cells
while sparing single positive bystanders
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Bispecific Antibody Formats Targeting Surface & Intracellular Antigens

Bispecific T cell Extended Half-Life
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Adpated from You et al, Vaccines 2021, Augsberger et al, Blood 2021



A New Universe of Targets: Bispecific ,,TCR Mimickry” Molecules

Selected TCR and TCR-like bispecifics in development

Sponsor Lead indication Status
TCR-based target binder
Tebentafusp Immunocore Gp100 H\?er:f (:_T::;?abrl]ir?‘;metastatic Approved
IMC-F106C Immunocore PRAME Various solid tumours Phase I/l
IMC-C103C Immunocore/Roche MAGE-A4 Various solid tumours Phase I/l
IMC-1109V Immunocore Env Hepatitis B virus Phase |
IMA401 Immatics/BMS MAGE-A4/8 Various solid tumours CTA filed"
IMA402 Immatics PRAME Various solid tumours Preclinical
ABBV-189 %t:gr\;iséll-jlzzzoon Survivin Cancer Preclinical
Antibody-based target binder
RG6007 Roche WT1 Acute myeloid leukaemia Phase |
RG6129 Roche MAGE-A4 Various solid tumours Phase |
Unnamed candidate Gritstone CT86 Various solid tumours Preclinical

Katie Kingwell, Nature Drug Discovery 2022




First Approved T-Cell Recruiting Bispecific directed against an intracellular TAA
Tebentafusp (gp100-TCRxCD3)

* Indication: HLA-A*02:01-positive Adults with inoperable/metastatic uvea Melanoma

Median Overall
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Nathan et al, N Engl J Med, 2021



A New Universe of Targets: Bispecific ,,TCR Mimickry” Molecules

Selected TCR and TCR-like bispecifics in development

Sponsor Lead indication Status
TCR-based target binder
Tebentafusp Immunocore Gp100 Scer:f c:_;:;?abrl]i;;metastatic Approved
IMC-F106C Immunocore PRAME Various solid tumours Phase I/l
IMC-C103C Immunocore/Roche MAGE-A4 Various solid tumours Phase I/l
IMC-1109V Immunocore Env Hepatitis B virus Phase |
IMA401 Immatics/BMS MAGE-A4/8 Various solid tumours CTA filed"
IMA402 Immatics PRAME Various solid tumours Preclinical
ABBV-189 %t:gr\;iséll-jlzzzoon Survivin Cancer Preclinical
Antibody-based target binder
RG6007 Roche WT1 Acute myeloid leukaemia Phase |
RG6129 Roche MAGE-A4 Various solid tumours Phase |
Unnamed candidate Gritstone CT86 Various solid tumours Preclinical

Katie Kingwell, Nature Drug Discovery 2022




Intracellular Antigens as Targets for Bispecific Antibodies ,,2+1“
HLA-A2*-WT1g,, specific Antibody
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WT1,,, is Presented on HLA-A*02* AML Cells and is Specifically Recognized by WT1-TCB
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Initiation of a Phase | trial in HLA-A2*patients with r/r AML & MRD* (> 0.1%)
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Evolving Intracellular Target Antigens in AML: Neoantigens — AML specificity
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Science RESEARCH ARTICLES

Cite as: E. H. Hsiue et al., Science
10.1126/science.abc8697 (2021).

Targeting a neoantigen derived from a common TP53
mutation Using TCR Tg T cells or Bispecifics

Emily Han-Chung Hsiue"*?*, Katharine M. Wright****, Jacqueline Douglass'***, Michael S. Hwang'**, Brian J. Mog"*%%, Alexander H.
Pearlman'*?, Suman Paul"**7, Sarah R. DiNapoli**, Maximilian F. Konig"**%, Qing Wang"**, Annika Schaefer*?, Michelle S. Miller***},
Andrew D. Skora', P. Aitana Azurmendi***, Michael B. Murphy'?, Qiang Liu"*%, Evangeline Watson'**, Yana Li*, Drew M. Pardoll*7,
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CBFB-MYH11 fusion neoantigen enables T cell recognition and
killing of acute myeloid leukemia

Melinda A. Biernacki, ... , Anthony Rongvaux, Marie Bleakley

J Clin Invest. 2020;130(10):5127-5141. https://doi.org/10.1172/JCI137723.

GEELENS WG EY  Immunology Oncology

Proteins created from recurrent fusion genes like CBFB-MYH11 are prevalent in acute myeloid leukemia (AML), often
necessary for leukemogenesis, persistent throughout the disease course, and highly leukemia specific, making them
attractive neoantigen targets for immunotherapy. A nonameric peptide derived from a prevalent CBFB-MYH11 fusion
protein was found to be immunogenic in HLA-B*40:01* donors. High-avidity CD8" T cell clones isolated from healthy
donors killed CBFB-MYH11* HLA-B*40:01* AML cell lines and primary human AML samples in vitro. CBFB-MYH11—
specific T cells also controlled CBFB-MYH11* HLA-B*40:01* AML in vivo in a patient-derived murine xenograft model.
High-avidity CBFB-MYH11 epitope—specific T cell receptors (TCRs) transduced into CD8* T cells conferred antileukemic
activity in vitro. Our data indicate that the CBFB-MYH11 fusion neoantigen is naturally presented on AML blasts and
enables T cell recognition and killing of AML. We provide proof of principle for immunologically targeting AML-initiating
fusions and demonstrate that targeting neoantigens has clinical relevance even in low—-mutational frequency cancers like
fusion-driven AML. This work also represents a first critical step toward the development of TCR T cell immunotherapy
targeting fusion gene—driven AML.

> Cancers (Basel). 2021 Oct 27;13(21):5390. doi: 10.3390/cancers13215390.

An HLA-A*11:01-Binding Neoantigen from Mutated
NPM1 as Target for TCR Gene Therapy in AML

Dyantha | van der Lee 1, Georgia Koutsoumpli 1, Rogier M Reijmers 1, M Willy Honders ',

Rob C M de Jong 7, Dennis F G Remst !, Tassilo L A Wachsmann ', Renate S Hagedoorn 7,

Kees L M C Franken 2, Michel G D Kester 1, Karl J Harber 1, Lisanne M Roelofsen 1,

Annemiek M Schouten 1, Arend Mulder 2, Jan W Drijfhout 2, Hendrik Veelken ', Peter A van Veelen 3,
Mirjam H M Heemskerk 1, J H Frederik Falkenburg 1, Marieke Griffioen !




Immune Evasion by Antigen Escape unter Immunological Pressure
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Challenges of T cell-based Immunotherapy in AML

T-cell Subsets /
T-cell Function




LYMPHOID NEOPLASIA

Long-term survival and T-cell kinetics in relapsed/refractory ALL
patients who achieved MRD response after blinatumomab treatment

Gerhard Zugmaier,! Nicola Gokbuget,® Matthias Klinger,! Andreas Viardot,® Matthias Stelljes,* Svenja Neumann,®
Heinz-A. Horst,® Reinhard Marks,® Christoph Faul,” Helmut Diedrich,® Albrecht Reichle,? Monika Brilggemann,®
Chris Holland,® Margit Schmidt," Hermann Einsele," Ralf C. Bargou,'? and Max S. Topp™

'Amgen Research (Munich), Munich, Gemmany; “Deparment of Medicine |1, Goethe University Franlfurt, Frankfurt, Gemnany; *Department of Intemal
Medicine 11, University Hospital Ulm, Ulm, Germany; *Department of Medicine A, University of Minster, Minster, Gemnany; *Department of Medicine |1,
Christian- Albrechts-Universitat zu Kiel, Kiel, Germany; *Department of Medicine |, Albert-Ludwigs-Universitit Friebung, Freiburg, Germany; "Department of
Medicine |l, Eberhard Karls Universitit Tbingen, Tibingen, Germany; *Department of Hematology and Oncalogy, Medizinische Hochschule Hannover,
Hannover, Germany; “Depatment of Medicine 11l, University of Regensburg, Regensburg, Germany, '“Amgen, Rockville, MD; and "' Department of
Medicine Il and '*Comprehensive Cancer Center Mainfranken, Universitdtskinikum Warzburg, Wirzburg, Germany
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Key Points 12,

e Ten of 36 patients (28%) achieved an
OS > 30 months in a blinatumomab
study in relapsed/refractory acute
lymphoblastic leukemia.
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In BiTE & CART alike: T cell Fitness & Composition Determines Response Rate

P value
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Zhao et al, Blood 2021

Responders to CD19 CART cells in DLBCL: memory CD4 & CD8 T cells
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Deng et al, Nature Medicine 2020

Reduced in vitro CD19-BiTE-mediated Cytotoxicity in non-Responders
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T cell subsets & T cell expansion correlate to response: ZUMA-1 immune

profile and comparision of ZUMA 1 vs
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Signatures of CD8* T-cell Dysfunction

AML pts vs Healthy Controls
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Characterization of T cells during AML Progression
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Phase | Clinical Trials in r/r AML: CD33-BiTE & CD33-BITE-HLE: Response to Treatment

AMG 330: CD33 x CD3 BiTE
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* 48/60 Pt: > 4 prior anti AML therapies; 27/60 prior HST
* 41/60: > 25% blast count in the BM; 24/60 > 50%

* 8 patients responded to AMG 330 treatment: CR (n=3,
cohorts 11, 15, and 16), CRi (n=4, cohorts 8, 9, 12, and 15)
and MLFS (n=1, cohort 2)
with 3 responders out of 14 treated patients (21%) in cohorts 15-17

* Lower leukemic burden & higher E:T ratio was associated with higher
likelihood of response, higher AMG 330 Exposure in responders
Response was observed after 15 cycle and sustained for a median
38.5 days (range of 14 —121 days) during the on-study period

 25/38 patients > 4 prior anti-AML therapies; 7/38 prior HSCT

* Reduction in blasts was observed in 16/38 (42%) patients
— > 50% reduction in blasts was seen in 6 patients

— One patient from cohort 9 achieved CRI, with 85% reduction
in bone marrow blasts; 2 additional pts achieved CRh + Cri at
target dose of 72 ug

e Reduction in blast numbers was observed in patients with higher
exposure to AMG 673

Ravandi et al, ASCO 2020, Subklewe et al, ASH 2019



CD123 DART - Flotetuzumab: Phase I/1l Study Design

Flotetuzumab Phase 1/2 Study Design Flotetuzumab
Expansion in primary induction failure & early relapsed AML patients

Dose Escalation Expansion Cohort

Relapsed/Refractory AML
Recommended Phase 2 Dose (RP2D)

Anti-CD3 Anti-CD123

N=50

NH; NH;
I . $=9
Key Entry Criteria (refractory AML population)

e Primary induction failure (PIF): refractory to 2 induction attempts COOH  COOH

e Early relapse: First relapse with initial CR duration of 6 months or any prior unsuccessful salvage
* No prior allogeneic hematopoietic cell transplant

Study Objectives
Cycle 1 @ 500ng/kg/day Dose Intensity = 80.8% (N=30)

e Safety and preliminary clinical activity —
e Optimize delivery and supportive care -
e Define PK, PD and PK/PD relationships

N w B
o o o
o o o
1 1 1

/ Flotetuzumab Dosing and Schedule
Cycle 1 (Continuous Intravenous Infusion) Cycle = 2 (4-days on/3-days off per Week)

500 ng/kg/day

100 A

— Planned Dose
— Dose Delivered (+95% ClI)

0 1 1 T T
Lead-In Dose 7 14 21 7 14 21 1 8 15 22 29

1 281 28
\ / Daysin cycle 1

Flotetuzumab (ng/kg/day)

Uy et al, Blood 2021



Immune Infiltration and response to Flotetuzumab

3 Response
Anti-leukemic activit:
2 Non-responder

Respons 4

CD45

| | | B APM.loss
| T cells

| 1] cD8Tcel -1

Ly mphoid

Cytotoxic I 2
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| B-cells
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|| NKcells
L TIGIT
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DCs
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T

Endothelial cells
PD1
| Hypoxia
Apoptosis
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MHC2
| |Immunoproteasome
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L] || Neutrophils
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Inflammatory .chemokil
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I Gly colytic.activity
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|
|
| [ TGF beta
| L1 My eloid.inflammation
= s 1o 1 | | 11 | | || Proliferation
| ARG1
] | NN [ 1 || ||| JAK/STAT loss

Immune-infiltrated Immune-depleted
at baseline at baseline

**P<0.01; Mann Whitney U test for unpaired determinations

Immune:

Infiltrated

(n=17)

29.4% (5)

0

5.9% (1)

7.7% (1)

5.9% (1)

0

CR/CRh/CRi

% BM change (avg)

Vadakekolathu et al, Sci Transl Med. 2020; Vadakekolathu et al, Blood Advances 2020




Clinical trials of Bispecifics in AML

Target, Construct

CP 12351 stetizimab 30 30% 100%
CD335 AMG330 55 19% 60%
CD336 AMGE73 30 44 % withBlastreduction 50%
CD1237, XmAb14045 104 14% 59%

Adapted from Allen et al, , Life 2021; 4: Uy et al, Blood 2021; 5: Ravandi et al, ASH 2019; 6: Subklewe et al, ASH 2019; 7: Ravandi et al, ASH 2019



AMG 673: Exposure-Baseline Patient Characteristics—Efficacy Relationships

Responses vs. baseline tumor burden, AMG 330 exposures, and baseline E:T ratio
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Baseline E:T ratio

N
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Baseline bone marrow blasts (% of WBC)
3
]
e
AMG 330 Concentration (ng/mL)

No Yes No Yes No Yes
Responder Responder Responder

* A trend towards better clinical responses was observed in patients with lower baseline leukemic burden
in bone marrow, higher AMG 330 exposures, and higher baseline Effector (CD3): Target (blasts) cell ratio

E:T, effector:target; WBC, white blood cells
Subklewe, ASH 2019







Reversing T-cell Dysfunction: Providing Positive Costimulation by a FAP-4-1BBL biAb

CD33xCD3 BiTE® Physiological CD33 BiTE Mediated Improved AML cell killing Improved T cell activation
T-cell activation
WT1-TCB mediated cytotoxicity CD25 on CD8* T cells
IENY, 100 40+
Anti CD3 ,{ A N D28 L TNFa : 80—
i TCR ot 8 ool 30
. Tl i N - = o
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N CD80/86 N A % 20 =
AnticD33 N - >\ = 104
/ \ 0
% B ' . 0-
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S
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| . .
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e E © 5
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Hanel et al, ASH 2021



Combination of CD20-Bispecific + CD19-4-1BBL induces Complete Tumor Regression

Change of tumor volume (%)

Lymphoma Mouse Model (WSU-DLCL2):
Read out of TV on Day 38

| Vehicle

m CD20-TCB

B CD19-4-1BBL

M CD20-TCB + DP-47-4-1BBL
¥ CD20-TCB + CD19-4-1BBL

Vehicle

3000

N
o
o
o

1000

CD20-TCB

CD19-4-1BBL

anti-human CD3

CD20-TCB

CD19-4-1BBL

anti-human GnzB

uman CD20 anti-human CD19
PR R [ )

4-1BB agonism enhances T cell

Proliferation

Cytokine secretion
e.g IFNg, IL-2, TNFa, GM-CSF)

Th1 polarization

Memory formation

T cell survival (anti-apoptosi

Resistance to exhaustion

Metabolic fithess

Claus et al., Science Transl Med, 2019



Venetoclax improves T-cell mediated cytotoxicity in AML

% DNT cell-mediated specific killing
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CD3 x CD123 BiAb + Ven/AZA in Pt with R/R AML or high Risk MDS

* The most common APVO436-related AEs were IRRs occurring in 13 (28.3%) patients and CRS occurring in 10 (21.7%)

patients

Swimmer Plot of Best Overall Responses of the 8-
Patient Favorable Response Population of R/R AML
Patients. The onset and duration of SD, PR, CR, clearance
of peripheral blasts (PBB-C), bone marrow relapse (BM
REL) and onset of PD are indicated with specific symbols.
Arrow: Alive.
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Survival Outcome of AML Patients According to
Response to APV0O436. Depicted are the overall survival
curves of the 8 patients favorable responses, 31 patients
who did not respond, and all 39 patients combined.
Favorable responses of CR, PR or SD>3 months is
associated with improved overall survival in R/R AML
patients treated with APVO436 monotherapy.
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= . :/
c 0.754 :
a . : Responders vs Non-responders
n : Log-rank = 5.298
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* In this trial a bivalent
aCD123 x aCD3 bispecific
was tested, kDA 161, given
1 x week i.v., in conjunction
with chemo, AZA + Ven

» Safety profile better than
in other early trials reported,
not clear how CRS was
mitigated

* |n this trial 46 R/R AML
pts included, of the 34
evaluable pts, 8 had SD, PR
or CR, median OS of 300 d

Uckun et al., Cancers 2021



Challenges of T cell-based Immunotherapy in AML

Schedule of Application /
Trial Design
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Continous Blinatumomab Exposure Induces T-cell Exhaustion

T cell ¢ - ’. %
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Zieger et al, ASH 2021



Mimicking the Clinical Application in an in vitro model system: Continous BisAb Exposure

T-cell exhaustion upon continuous Bispecific stimulation

Experimental set-up Longitudinal monitoring
Proliferation Cytotoxicity
Day 0 3 7 10 14 17 21 24 28 i
| | | | | 254 = T —
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Day

Zieger et al, ASH 2021



Treatment-Free Intervals Ameliorate T-cell Exhaustion Induced by Bispecifics

Experimental set-up

10 17

Day 0 3 24 28
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Zieger et al, ASH 2021



Treatment-Free Intervals Ameliorate T-cell Exhaustion Induced by Bispecifics

T-cell exhaustion upon continuous Bispecific stimulation TFl ameliorate exhaustion & maintain T-cell function
Experimental set-up Longitudinal monitoring Experimental set-up Day 14
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TFI=treatment-free interval Zieger et al, ASH 2021



Comparison to Allogeneic Stem Cell Transplantation: also not successful in MRD & Relapse
Majority of Clinical Trials of Bispecifics in R/R AML post > 3 prior treatment lines are prone to fail:
dysfunctional T cells; immunosuppressive TME, high tumor burden

. P . .
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