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A revival of bispecific antibodies

1,2 w1 . 1 Surface (_/
Peter Kufer'-“, Ralf Lutterbiise’' and Patrick A. Baeuerle antigen f\b v U C\j

N 0 Bo |

'Micromet AG, Staffelseestr. 2, 81477 Munich, Germany E:-;E::Ccll:c ‘) J
?2Institute of Immunology, Goethestr. 31, 80336 Munich, Germany Redirected

Triggering receptor

Bispecs are mostly designed to recruit cytotoxic effector cells of <5§\

OO0
the immune system effectively against pathogenic target cells.

Cytotoxic

O granules

Cytotoxic effector cell

Table 1. Characteristics of bispecific antibodies recruiting cytotoxic effector cells and requirements for redirected target-cell lysis

| Triggering molecule CD64 CcD89 CD16 CD3
Quadroma
Bispecific antibody format Flab')s Flab'), Flab'}s Flab'}z BiTE
Tandem scFv Diabody
Effector cells Monocytes and neutrophils NK cells T cells
Requirement of pre- or costimulation Yes Mo Yes Yes Mo
EDs, range [ng mi™'] 0.1-1 0.1-1 0.03-1 0.001-1 107 %-107*
E:T ratio =40:1 100:1-200:1 50:1 =211 = 1:10
Refs [44] (48] (48] [28,57] [80]
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Blinatumomab
approved in the United
States; it was approved
in the EU in 2015

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was withdrawn in 2017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

Hybridoma technology First solution to chain-association issue \
pioneered by Kéhler through use of complementary HCs
and Milstein?!! (knobs into holes) and common LCs?!®

#4

First mention First demonstration || First recombinant \ Discovery that First orthogonal Fab

of the bsAb of T cell fragment-based 4 natural human IgG4 interface as solution to #13
concept! redirection®? formats?'3715 2 is bispecific?'® LC-association issue®

/—‘ﬁ

1960 1964 1975 1983 1985 1988 1993 1994 1995 1996 1997 1999 2007 2009 2011 2012 2013 2014 2017

;’_/

First solution to Discovery and elucidation Generation of
LC-association issue of bispecific human bispecific IgG1
through species- IgG4 Fab-arm exchange through Fab-arm

restricted LC pairing® process in vivo?® exchange of
pioneered*®

I separately
/ DVD-Ig symmetric format expressed
pioneered?’ antibodies®'*?
e First asymmetric format*®

‘ %/
,,,,y,y’ #10 First symmetric N /Domain crossover
N\

e First demonstration Invention of the

of the bsAb concept? scFv fragment?*?
e First fragment-based
format?

¢ Hybrid hybridoma (quadroma)

format?!’ as solution to
LC-association issue??

Emicizumab
approved in the
United States; it
was approved in
the EU in 2018
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P

Review Article Published: 06 March 2024
The present and future of bispecific antibodies for 49% 41%
cancer therapy
Christian Klein &9, Ulrich Brinkmann, Janice M. Reichert & Roland E. Kontermann &
Nature Reviews Drug Discovery 23, 301-319 (2024) | Cite this article
@ Approved
@ Phase Il
Haematologic malignancies Solid tumours Phase Il
Phase |
@ TCE
@ NKCE
@ ICE
CPI/immuno-
modulation
@ Signalling
inhibitor
@ ADC

nature reviews drug discovery

Torino, Accanemia of Menicina | 4-5 siusno 2026 Simone Ragaini, MD



REGIONALE SIES - Delegazione Piemonte  YOUNG SCIENCE FORUM: IL FUTURO NASCE IN LABORATORIO

BsAbs structure and classification

Fragment-based bsAbs are composed of the variable light
and heavy domains from two antibodies, or the Fab units,
and lack the Fc region which distinguishes them from 1gG-
Based bsAbs. These fragments are bound together by linkers.

Immunoglobulin (Ig)-like bsAbs include an IgG Fc region.
The presence of an Fc region also has consequences for Fc-
mediated effector functions such as antibody-dependent
cellular cytotoxicity (ADCC), complement fixation (CDC), and
the long half-life resulting from their larger size and FcRn-
mediated recycling processes

>

Tandem scFv, BiTE
(1+1)

2x scFv linked in a
single polypeptide

TandAb (2+2)
VH, VLs VHg

VL, VHy VL,

DART (1+1)

NH2S

s
COOH~ ¢

)
COOH=S,

NH2=

VL, 2x Fv domains linked on
two polypeptide chains,
Pairing is stabilized
with C-terminal

VH, disulfide bridge

2x Fv domains linked on
two polypeptide chains

Fragment-based
sdAb fusions sdAb multimerization
(1+1) (2+2)
Mul:mcri;nuon
3 omain
H HSA . \

Single-domain antibodies fused
through flexible linkers. Connected
to HSA for increased half life
Valencies can be tailored through
addition of more domains.

SdAbs connected through
multimerization domain 1o form
bispecific construct

B . .
Symmetrlc Fc-contammg
s SdAb-IgG
Scz-z\;lzg;,(x 2+2) Tandem scFv-Fc DVD-Ig Tetra-VH IgG
@t2) (2+2) (2+2)

Fusion of scFv to IgG scaffold.
Fusion can be done at all termini

of both HC and LC

Y

Fusion of sdAb 1o IgG scaffold,
Fusion can be done at all termini
of both HC and LC

Two different scFvs linked
through a Fc region can
be expressed from a
single polypeptide chain

Il Ut

Replacing VH and V1
with independent sdAbs

Fusing exogenous
Fv domain N-termimally
on Fab of 1¢G scaffold

Madsen AV, Front Bioeng Biotechnol. 2024
SunY, Acta Pharm Sin B. 2023
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Hetero HC,
hetero LC 1gG

Hetero HC,
common LC IgG

(1+1)

Asymmetric Fc-containing

scFv-Fe/scFv-Fe
(1+1)

a (1+1) ’ a (1+1) ’

Assembly of two
unique HC and
two unique LC

Assembly of two
unique HC and o
common LC prevents
HC:LC mispairing

W

Replacing one of the Fab
arms with scFv forms
bsAb with reduced risk of
HC:LC mispairing

Appending Fab domain N-
terminally onto one of the
native Fab domains, HC:LC

steering is needed to ensure
asymmetric geometry

|
- ‘C
(2]

Replacing both Fab domains
with scFv limits the risk of
HC:LC misparing. Could also
be another antibody fragments.
such as single-domain antibody

Simone Ragaini, MD
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BsAbs structure and classification
IgG-like BsAbs (with Fc regions)

schematic drawing classical design characterictics
v long half-life
YRR IR YN
\( — T Y increased stability
4}"‘ s coe

FC receplor

: ‘ ‘] A
V %7 Y
TN & E\ accessory cells ADCP

ADCC
NK macrophage, DC

Non-lgG-like BsAbs (without the Fc region)

schematic drawing classical design characterictics
‘/Ii *v;\ short half-life
% —
& § V \Qb i‘ better tissue penetration
lower immunogenicity
VDY reduced non-specific
!]i E: ‘@ % " D activation of the innate
immune system
BITE

Shui et al. Molecular Cancer 2025
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BsAbs functional classification

(a) (b) @ (c) ‘
<Ligand>

T cell or <Receptor>

NK cell

Inhibition
Proliferative or inflammatory signals

Cytotoxicity

Tumor cell

Immune cell recruiting Interference with receptor signaling Forced protein associations
(Triomab, BiTE, DART, TandAB) (DVD-Ig, IgG-scFv, 2in1-1gG, CrossMab...) (kih-commonLC-IgG)
Drug Discovery Today

Kontermann RE, Drug Discov Today. 2015
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Product name

Schematic

CD3 clone

CD20 done

Fe silencing mutations

depiction

Mozunetzumab ' e n aGt Knobs-into-hales 11 UCHT1w? (CD36e) 2H7 (type 1 epitope, identical to MN297G (no FeyR binding)
%r [different Fabs) ritustimiak)
Glofitarmab ' H.:J- " laG1 Head-to-tail fusion 21 SPE3d-der{CD3e By-L1 (type 2 epitope, identical to lgG1-PIZFG-LALA [no FoyR
L chinutezumakb) birding)
Epcoritamab ' . s [ laGl Contralled Fab-arm 1:1 hueCACAD (SP34- 7D (type 1 epitope, shared by L234F L235E,D265A (no
Y exchange der)(CD3e) ofatumomals) FeyR,Clg binding)
Odronexamab’ gy - lgG4 Heavy chains with 11 REG1250 (CDr3ée) 3B%-10 (type 1 epitope, shared by Modified lgG4 (no FoyRill
r different affinity ofatumomals) binding]
. Falchi L, Blood 2023
Surovatamig CD19xCD3 o it 1gG4 Knobs-into-
(AZD0486) Awscot0 holes
masvsy ohain anty) .
Low-affinity

)

Shenced
194 Fe

CD3-binding
arm

Dong Hyun Kim, Seminars in Hematology 2025
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BsAbs in MM

Teclistamab Elranatamab ABBV-383 Alnuctamab
Linvoseltamab (2:1)
aCD3 aBCMA aCD3 aBCMA aCD3 oaBCMA aBCMA
(bivalent)
aCD3 aBCMA
BCMA FecyR-silent Fc
IgG4 Fc region IgG2a Fc region IgG4 Fc region IgG1 Fc region
dual BCMA binding bivalent BCMA arm
€ oo e e e e e mmm e mmmmmmmm—m——ans
FCRH5 Talquetamab Forimtamig E Cevostamab
GPRC5D (bsAb) (2:1) ' (bsAb)
aCD3 aGPRC5D aGPRC5D E aCD3 aFcRH5
aCD3 aGPRC5D E
Fc domain E
lgG4 Fc region IgG1 Fc region : IgG1 Fc region
L bivalent GPRC5D arm :

Waldschmidt J, Myeloma and Leukemia, 2024
Torino, Accanemia of Menicina | 4-5 siusno 2026 Simone Ragaini, MD
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BsAbs in NHLs

B Aggressive NHL, CR M Aggressive NHL, PR
B Indolent NHL, CR Indolent NHL, PR

100 -

Response rates

i ll_
/\

Mosunetuzumab  Glofitamab Epcoritamab  Odronextamab  Plamotamab IgM -2323

Falchi L, Blood 2023
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BsAbs in DLBCL

Glofitamab in 3L+ Epcoritamab in 2L+ Odronextamab 2L+ R\R
R\R DLBCL R\R DLBCL DLBCL

B Progression-free Survival in the Main Analysis Cohort

A a = CR
100+ 100 ::ﬁ
90
g 80+ 80
g 70 £
c
< 604 g o
) ®
£ 50 H
.'z’ 404 § 40
s H
3 3 g i
E 20_ 20 Medan PFS, months (95% Cly 4.4 (3.0-88) ° CF VEIISIJHFR:‘HR 0.2? EQEVBICl:D‘Z—D.E) . )
v Estimated PFS rate at 12 months, % (95% CI) 399 (31.8-478) LI ] B
10+ Estmated PFS rate at 24 months, % (95% CI) 27.8 (20.0-362) Time from first dose (months)
T T T T T . 1 No. at risk:
T T T T T T T T 0 3 6 9 12 15 18 2 2% b4 o
0 5 6 9 12 15 18 21 24 Time (months)
Patients at sk PR
Months 180 a
No. at Risk 155 92 47 35 29 18 13 1 0
P ; : Kim, W.S., Nat Cancer 2025
Dickinson M.J, NEJM 2022 Thieblemont, C Leukemia 2026 s V¥
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BsAbs in MM Elranatamab in R\R Triple-exposed MM

100 1

80

89,5% (95% Cl: 74.3-95.9)

£
= 60 50.9% (95% Cl: 40.9-50.0)
3 :
£ a0
2
S Median PFS, months (95% CI)
— Overall NE (9.9-NE)
o — Patients with 2CR  NE (NE-NE)
o 3 6 9 12 15 18 21 24 27
Months
No. at risk
Overall 123 78 67 62 52 a7 6 2 1 0
Patients with2CR 43 43 43 41 38 29 6 2 1 o]
Lesokhin, A.M., Nat Med 2023
Teclistamab in R\R Triple-exposed MM . .
P P Talquetamab in R\R Triple-exposed MM
B Progression-free Survival -4 mg/kg once a week group 0-8 mglkg every 2 weeks group
100+ =
90 C
80 100~ o
g oo 75+ 1
s = ;
&
£ a0 £ 5o+ 4
i= § 3
20 £ 254 4
10- Median, 11.3 mo (95% Cl, 8.8-17.1) g i —
o
T ; T T T . T T , 0
Co e e 6 12 18 24 30 36 42 6 12 18 24 30 36
. Time since first study treatment dose Time since first study treatment dose
No. at Risk 165 110 98 81 59 22 10 2 o 0 (months) (months)

Numberatrisk 143 78 47 37 26 4 1 o 154 88 62 38 4 1 o
(number censored)  (0)  (7) (7) (9) (11) (32) (35) (36) (0) (1) (17) (32) (61) (64) (65)

Moreau P et al., NEJM 2022
Chari A, Lancet Haematol 2025
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Hematological toxicities and Bispecifics

=
®e

Disease associated Anemia
factors
Neutropenia
Malignant bone marrow - e
infiltration Lymphopenia
Bispecific antibody treatment : :
resulting in T-cell activation,
Bone marrow recruitment and proliferations; Low IgG
suppression from prior release of cytokines and
treatment lines chemokines
Thrombocytopenia
— ‘ —> T-cell hyperactivation
Secondary
myelodysplasia HLH
L Pre-bispecifics associated factors ) L Bispecifics associated factors ) L g}a — B rinflammation and sepsis

Main cytopenias described after bispecifics administration

Luiz Henrique de Assis, et al. Hematology Am Soc Hematol Educ Program 2023

Torno, Accanemia of Meoicina | 4-5 susno 2026 Simone Ragaini, MD
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BsAbs and CRS

Activation of manly T cells or lysis

of immune cells induces a release
of IFN-y or TNF-a.

This leads to the activation of
macrophages, dendritic cells, other
immune cells and endothelial cells.

These cells further release
proinflammatory cytokines.

Importantly, macrophages and
endothelial cells produce large
amounts of interleukin 6 (IL-6)
which in a positive feedback loop
manner activates T cells and other
immune cells leading to a cytokine
storm.

Stimulus

o IL-6
IL-1, IL-8,
IL-10, TNF-a

CRS Grading

Grade 1
« Fever

« Constitutional symptoms

Grade 2

» Hypotension responding to fluids/low dose
vasopressors

» Grade 2 organ toxicities

Grade 3

+ Shock requiring high dose/multiple vasopressors
» Hypoxia requiring 2 40 % FiO2

» Grade 3 organ toxicities, grade 4 transaminases

Grade 4
* Mechanical ventilation
= Grade 4 organ toxicities (excl. transaminases)

Shimabukuro-Vornhagen A, Journal for ImmunoTherapy of Cancer. 2018

Torno, Accanemia of Meoicina | 4-5 susno 2026
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Infections Following Bispecific Antibodies in
B-cell Lymphomas

Background:

* Bispecific antibodies (BsAb) offer
new options for B-cell lymphomas
but pose distinct, poorly defined
infection risks.

Patients & Methods:

* This is a cohort study of 109
B-cell ymphoma patients who
received BsAb therapy between
2016 and 2024.

* The epidemiology, clinical
characteristics, and risk factors
for BsAb-associated infections
were analyzed.

Infection Characteristics:
« Of all infections, 61.2% were grade >3.
* The median time to infection was
6.6 months, with bacterial infections
occurring earliest.
« Viral infections were most frequent,
with SARS-CoV-2 being the leading
cause.

A All grades
Any T S
Bacterial 4 = %.* ¥ | v i o e
Viral O e 2 an £].8 8 o Sy Tt
Fungal
B Grade 3-5
Any &S S R S I R e ————
Bacterial 0% %+ ff « o i -
Vinl Jermm e s 8 et ee————
Fungal 4 € F= 1
C Grade 5
Any { e———ar—eae
Bacterial S -
Viral 4 = — . e -]
Fungal ;:=<B
0 3 6 9 12 15 18 21 24
Onset (months)

Infection Incidence:

* Infections occurred in 62.4%, with
37.6% being grade >3.

* Cumulative infection incidence reached

76.4% at 24 months.

* Neutropenia and
hypogammaglobulinemia were
associated with a higher risk of
infection.

A Cumulative Incidence of All Grade Infection

100%

75%
8
=
=
£
£ s50% o
=
=
g
=]

25%

P
—
—rt s
—r—
0% T - T T T T T T T
0 3 6 9 12 15 18 21 24
Time (months)
group — Any infection — Fungal infection
— Bacterial infection — Viral infection

Dong Hyun Kim, Blood Adv 2026
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JCO® OnCO|Ogy Pracﬂce REVIEWS | December 04, 2025 | Latest version

An American Society of Clinical Oncology Journal

Outpatient Administration of Bispecific Antibody Therapy for
Hematologic Malignancies: A Practical Guide Anticipatory counseling

and education,

Kian J. Rahbari, MD' (); Raul del Toro Mijares, MDY Kathryn Kennedy, RN, Leslis Mader, RN, Salyka Sengsayadeth, MDY, 'de"“f':s:i?:b‘l’: 5 :;'eg“’e'

Feena V. Jayani-Kosarzycki, MD7 (3); James Jerkins, MD®; Andrew Jallouk, MOX (3 Tae Kon Kim, M0° (3 ; Shakthi Bhaskar, MD® (3; L
Vivek G. Patel, MD® (3 ; Brittney Baer, RN"; Sarah Maoseley, RN’: David Morgan, MD7 (3 Bipin N. Savani, MD7 (3 Adetola Kassim, MD";
BMuhamed Baljevic, MD7 (3 ; Olalekan Cuwale, MD* (3); and Bhagirathbhai Dholaria, MBBS, FACP (3

—_— Educational visit with APP

D01 hittpayidol.orge 101200000 25-00652

Systematic assessment of
1st dose of BsAb comprehension by patient
and caregiver

Infrastructure and Workflow ]

( L’ A Y Daily clinic visits on the basis Ambulatory monitoring of n’::/?e‘a'tnogr ‘f'g’ﬂ;:u;?:
o | p \ \/ of package insert —_— toxicity, mainly by patient EEm— o ducgation beforsgeac?l
/ recommendations and caregiver

step-up dose

Q @
, 0%

Educate emergency room,

o=
‘l‘ l
_l \ : ' i
Regulatory mechanisms Development of SOPs Multidisciplinary team
(REMS)

Physical space capable of
administering IV infusions, collecting
laboratory tests, giving blood products

Education in the form of initial

visit with APP and/or Patient and caregiver are e din
outpatient pharmacist; provided blood pressure cuff, h sicians’to e
handouts, instructional videos/ pulse oximeter, and thermometer Pl CRS/ICANS 9

resources, calendars
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Three Overlapping Pillars of Resistance

A 2 B
>= BsAb
CD20 44

PD-L1

TAM

Lymphoma cell

Falchi L, Blood 2023

Tumor-Intrinsic T-Cell Microenvironmental
Factors Dysfunction Barriers

» CD20 loss / MS4A1 mutations > Low “fresh” T-cell presence » PD-L1 checkpoint upregulation

» NOTCH1 alterations > Lower cytoxic activity » DZ-like spatial exclusion

Maher et al. Cells 2026

Torino, Accanemia of Menicina | 4-5 siusno 2026 Simone Ragaini, MD
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Three Overlapping Pillars of Resistance - Tumor-Intrinsic Factors

Selective pressure may drive the activation of programs that promote Antigen-Related Escape

®)
lsl

CD20 pre-glofitamab CD20 at relapse

« Cases with aggressive B-NHL R\R after
glofitamab at the Peter MacCallum Cancer

Centre and Royal Melbourne Hospital. IR——

« CD20 status was determined by local
pathology review using IHC with an L26
antibody

Negative 67% (12)

« At progression post-glofitamab, CD20 status
was described in 22 patients with available
biopsies: 10 had converted from CD20
positive to CD20 negative; and 2 remained
persistently CD20 negative

Grigg S, Br J Haematol. 2024

Tormno, Accanemia o Meoicina | 4-5 siusno 2026



CD20 is encoded by MS4A1, is
a member of the membrane-
spanning 4-domain family,
subfamily A (MS4A)

Patient biopsy specimens were
collected in the phase 1/2
G0O29781 trial of
mosunetuzumab monotherapy
for adults with R/R B-cell NHL
who had received =2 prior
therapies.

IHC (CD20/PAX5) + RNAseq
(MS4A1 expr) + WES (MS4A1
mutation)

Stephen J. Schuster, Blood 2024

Biopsies collected from adults with
R/R B-cell NHL: a subset of biopsies

REGIONALE SIES - Delegazione Piemonte  YOUNG SCIENCE FORUM: IL FUTURO NASCE IN LABORATORIO

Loss of CD20 at disease progression confers resistance to

(5.5%) exhibited CD20 loss prior to
mosunetuzumab treatment

Levels of CD20+PAX5+ B cells
= 5.5%

10.9%

Low (<10%)
=Intermediate (10-74%)
nHigh (275%)

Patients with paired
pre-mosunetuzumab and
on-treatment biopsies

~ Maintained
<97 A> CD20 levels
Patients with samples
at-progression
T-cell receptor
Showed ——
)
616 CD20 loss ==

T-cell dependent tumor cell killing by mosunetuzumab

Reduced transcription of
MS4A1 RNA

Mosunetuzumab  CD20 antigen

v

Mutations in MS4A1
Truncation Epitope disrupting

MS4A1

&5 X

but not all cases of CD20 loss.
Schuster et al. DOI: 10.1182/blood.2023022348

Conclusions: Following mosunetuzumab treatment, CD20 loss was observed in
34% of patients. Reduced transcription or mutations in MS4A1 explained most

Blood
Visual
Abstract

Torno, Accanemia of Meoicina | 4-5 susno 2026
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tFL 4 o5 - I s

. . . . DLBCL < & N
* CD20 loss at progression was observed in patients with tFL 1 2 G ———

evidence of transcriptional downmodulation or with A ———
mutations identified by WES. F ] a—
DLBCL o v+ (s s
gtggt ] :-— ' o Response
DLBCL oo ol . CR

» There was also evidence of reduced CD20 levels in the absence e -
DLBCL o sl w75 PR

of downregulated transcription or exonic mutations in CD20 OLBCL ] o e 2
FL o %0 «llss
B o

CD20 maintained

CD20(-)

DLBCL - v olmss
DLBCL 4 o «w NE
xEL 4 odEEERo CD20 status
Lo 2eim:
W HC < 10% MCL < v <
thL 4 N

D DLBCL o o« ol msr
RS 4 oell w0 @ Positive
II I WES (9/129; 7%) H RNA <1 FL o o cE— o Visit

DLBCL o v emme
L] e a9
III Saerion ST ® Negative
B WES Nonsense FLH we N

FLA 1ok L
RNA (4/187; 2%) DLBCL 4 ocemo
tFL < 72 - ® Pre-dose

Pre-
mosunetuzumab

i DLBCL o « <l -
IHC (19/45; 42%) = VE> Missense DLBCL J o« anmmnn. 4 On-trestment
[ WES Splice FL o o5 oo ® Progression
RNA (7/35; 20%) — WT: IHC >10%; i B —o 8
; RNA LogZ RS o 2ol wy . . .
MS4A1/CD19 >1 5 o = T

[missing] Days from first mosunetuzumab treatment

€D20 loss

At-progression

WES (3/20; 15%)

CD20 negative patients

Shorter PFS can in part be explained by CD20 loss
before mosunetuzumab or at progression, however,
a subset of patients was refractory and exhibited

limited PFS despite maintaining CD20 levels
Stephen J. Schuster, Blood 2024

Torino, Accaoemia oi Menicina | 4-5 siusno 2026 Simone Ragaini, MD
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Three Overlapping Pillars of Resistance - Tumor-Intrinsic Factors

CD20 Expression, Alternative Splicing in Its 5'-UTR, and Resistance to
CD20-Directed Immunotherapies
Translation-competent variant 3 (V3), 5"-UTR Translation-deficient variant 1 (V1), 5-UTR
isoform: isoform:
CAR- ZOTcell—@ @-CAR -20 T cell
1 .I_ysrs [
CD20 # CD2O
High rate of Low rate of
translation PPN | translation
. W DR
~ wv c -  sssses
_ pessss CD';.T";NA _® wessss CD20 mRNA
1 m
v3, 5-UTR } V1, 5-UTR
‘ - —a = —aNa-a-a-u-u-a
v =2
Ritinst A Insufficient CD20 for
' " cytotoxic effect
Mosunetuzumab i e } L
T cell- E E
Mosunetuzumab Rituximab
Conclusion: A shift in splicing towards V1, a translation-deficient 5’-UTR isoform of CD20, red the effecti of
rituximab and mosunetuzumab, but not that of CAR-20 T cells. Blood
[+]+]
Visual
Ang et al. DOI: 10.1182/blood.2023020400 Abstract
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American Journal of

Hematology

NOTCH1T Mutations Are Associated With Therapy-Resistance in
Patients With B-Cell Lymphoma Treated With CD20xCD3
Bispecific Antibodies

Emil R. Kyvsgaard, Morten Grauslund, Lene Sjg, Linea Cecilie Melchior, Trine Lenbo Grantzau,
Lise Mette Rahbek Gjerdrum, Trine Trab, Leerke Sloth Andersen, Anne Ortved Gang ... See all authors ~

First published: 25 January 2025 | https://doi.org/10.1002/ajh.27601 |  ~* VIEW METRICS

« 56 patients from Rigshospitalet, Copenhagen, and

Vejle University Hospital, both in Denmark, who D R R b S S e BRB S SIS Y IR Sig g o NOTCHT

received CD20 x CD3 bispecific antibodies between =
2017 and 2023 as part of phase 1 or phase 2 clinical Stong | e
trials.

Weak

o Pre bispecs NOTCH1 mutated tumors conferred
significantly worse outcomes in Kaplan—Meier analysis
of both PFS and OS (p =0.02 and p=0.05,).

CD20 expression

MNegative

e

(53]
(2™

« NOTCH1 mutated clones expand under the

Relapse biopsy
(with detectable NOTCH1 mutation)

pressure of CD20 x CD3 bispecific antibody therapy (with 10 detectapie NOTCHT mutation)
and may constitute an escape mechanism potentially
leading to downstream CD20 antigen loss.

Torno, Accanemia of Meoicina | 4-5 susno 2026
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Three Overlapping Pillars of Resistance - T-cell related factors (TME)

IMMUNOBIOLOGY AND IMMUNOTHERAPY | APRIL 30, 2026

€ blood advances

Molecular features of response and resistance to glofitamab, a T-cell engager for
treatment of large B-cell lymphoma

Stephan Schmeing, Sina Nassiri, Gabrielle Leclercg-Cohen, Emilio Yangliez, Tamara Hiisser, Llucia Alberti Servera, Ramona Schlenker,
Johannes Sam, Christian Klein, Pablo Umanfa, Sylvia Herter, Alessia Bottos, Marina Bacac

PATIENT PBMC (R & NR) scRNA-seq/scTCE-seq T cell state

T cells from R exhibit higher
naiveness scores, suggesting a
“fresher” state compared to NR

« 30 DBCL pts treated with glofi
(18 CMR vs 12 PMD cases)

Naiveness score

« PBMCs of these patients \@_/,

collected at baseline and on- ! \Ex vivo functionality Ex vivo cytotoxicity
trea.tment tlmg points were N A R.{'
subjected to single-cell RNA and NS e e B
. 2 NR wmorcn T cells from R exhibit greater
TCR sequencing (SCRNA' . ."ﬁ cytotoxic activity than those
- from NR

seq/scTCR-seq), flow cytometry,
and ex vivo functional
assessments

Tumor cell
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Three Overlapping Pillars of Resistance - T-cell related factors (TME)

IMMUNOBIOLOGY AND IMMUNOTHERAPY | APRIL 30, 2026

€ blood advances

Molecular features of response and resistance to glofitamab, a T-cell engager for
treatment of large B-cell lymphoma

Stephan Schmeing, Sina Nassiri, Gabrielle Leclercg-Cohen, Emilio Yangliez, Tamara Hiisser, Llucia Alberti Servera, Ramona Schlenker,
Johannes Sam, Christian Klein, Pablo Umanfa, Sylvia Herter, Alessia Bottos, Marina Bacac

* Maintenance of naive-like
(“fresher”) T-cell states (particularly I ram——
. q/scTCE-seq T cell state
the fresher cytotoxic T cells) at early
time points is associated with
clinical efficacy.

T cells from R exhibit higher
naiveness scores, suggesting a
“fresher” state compared to NR

Naiveness score

° Combination Of QIOfItamab Wlth 4_ . \Ex vivo functionality Ex vivo cytotoxicity
1BB costimulation translated into /“m Y - ’
increased proportions of ; w \@;&N .' )
intratumor T cells having a 5 Y o ol e
fresher, naive-like phenotype in from NR
humanized mouse Toer o
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Table 2. Pre-existing T cell fitness and exhaustion correlated with TCE therapy response or treatment failure

Pre-therapy T cell fitness/exhaustion

Potential biomarkers identified

T cell exhaustion in bi- and trispecific

T cell engager therapy in hematologic TCE Patient cohort  Responders Non-responders Methodology
malignancies: Mechanisms and implications Epcoritamab rir B cell ® high CD4" and CDB* T cell e high CD8*TIM-3*, CDB*PD-1*, flow cytometry, IHC
Amelie Muth,"%* Alessandra Holzem,'* Anne-Sophie 42 Veit L. in,'+2 Marion 153 |]ﬂTI|JhOFTIE fI’EQUEHCiES [PB E.F'Id It} CDE"rim-S*TI GIT' EPB}
and Nora Philinp' 2" Mosunetuzumab  (r/r) NHL ® high ALC [FB) - flow cytometry, IHC

e CDB* tumor infiltration

Blinatumomab rfr BCP-ALL ® high T .. and Tey, cells (PB and BM) # high T, frequencies (PB) flow cytometry,
® high clonal diversity (PB and BM) # enriched exhaustion signature scRNA-seq
# expanded CDB'GZMK" Tgyy-like T (PB and BM)
cells (PB) # high CD8" dysfunction score (PB)

e high CDB' cytotoxicity score (also in
MRD* BCP-ALL) (FB)

Teclistamab rfr MM ® high CDB' T cell frequencies (PB) # high CD38" T, frequencies (PB) flow cytometry,
® high frequency of CD8"GZMB", ® high CDB'FD-1" (+CD3B or TIM-3) T CyTOF
CD&"perforin’, CD4'GZMB"*, CD4" cells correlated with high disease
Toaive: CD4" Teyana (BM) burden (PB and BM)
® CD4°CD25" T cells correlated with ® similar trend in CD4" T cells
improved PFS (BM)
e low CD3'PD-1"TIM-3" T cells (PB and
BM)
Flotetuzumab r/r AML ® |FN-y signature ® non-immune-infilttrated TME (BM) ManoString

& immune-infiltrated TME
® 10-gene signature predictive for
CR (all BM)
ALC, absolute lymphocyte count; AML, acute myeloid leukemia; BCP-ALL, B cell precursar acute lymphoblastic leukemia; BM, bone marrow; CR,
complete remission; CyTOF, cytometry by time of flight; IHC, immunochistochemistry; i.t., intratumoral; MM, multiple myeloma; MRD, minimal residual
disease; NHL, non-Hodgkin's lymphoma; PB, peripheral blood; PFS, progression-free survival; r/r, relapsed/refractory; scANA-seq, single-cell RNA
sequencing; Tey, central memory T cell; Tgyy, effector memory T cell; TME, tumor microenvironment; T,.,, regulatory T cell.

Amelie Muth,Med, 2026
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Integrative genomic analysis of DLBCL identifies immune environments associated ‘.9 blOOd

with bispecific antibody response

Sravya Tumuluru, James K. Godfrey, Alan Cooper, Jovian Yu, Xiufen Chen, Brendan W. MacNabb, Girish Venkataraman, Yuanyuan Zha,
Benedikt Pelzer, Joo Song, Gerben Duns, Brian J. Sworder, Sandeep Raj, Christopher Bolen, Elicia Penuel, Ekaterina Postovalova, Nikita Kotlov,

Aleksander Bagaev, Nathan Fowler, Roni Shouval, Senali M. Smith, Ash A. Alizadeh, Christian Steidl, Justin Kline B CD8* T cells D CDA* T cells
102d  3.3e-05 0.05 1024 0.019 0.54
« Bulk transcriptomic analysis on over 500 2 o + . g 19’1 + -
DLBCL patients, calculating per-sample T . 2 102 *
: 8 10 8
enrichment scores for 19 gene sets 10 : 10 ,
comprising immune-related and COO-related vy e
signatures. ABC ABC GCB GCB ABC ABC GCB GCB
Cold Heot Cold Hot Cold Hot Cold Hot
« DLBCL-immune quadrants (DLBCL-Igs)
based on COO and immune gene expression c Mosunetuzumat
signatures: ABC hot; ABC cold; GCB hot; 1o
and GCB cold. Eorsq |
S P=.02
£ 0.50
. They also noted specific features of the IQs. At N
Forinstance, "hot" DLBCLs exhibited higher o
T . L 0 100 200 300 400 500 600
CD8+ T-cell infiltration and activity compared _ Tmeindays
. Number at risl
with "cold" DLBCLs. — 20 2 1 1 1 1 1
12 5 4 4 3 3 3
— GCB Cold —— GCB Het
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Med ¢?CellPress

Review OPEN ACCESS

Review

T cell exhaustion in bi- and trispecific

T cell engager therapy in hematologic
malignancies: Mechanisms and implications

Amelie Muth,’-%* Alessandra Holzem,'# Anne-Sophie 1.2 Veit L. 1.2 Marion Subkl , 1153
and Nora Philipp’-2*

TME infiltration 1
Inflammation 1

T-cell numbers 1
CD8 Tem 1

TAA

®
e_®
’.

GZMB,
Perforin, IL-2,
IFN-y, TNF-a

TME infiltration |
Inflammation |
Tex t

Figure 3. The T cell pool shapes the response to TCE therapy

Left: schematic mechanism of TCE-mediated T cell activation and initiation of effector function. Right: T cell-related biomarkers that predict patient response to
TCE therapy. NR, non-responders; R, responders; TAA, tumor-associated antigen; Ty, effector memory T cell; Tey, exhausted T cell: TME, tumor microenvi-
ronment; T,.q, regulatory T cell.

Amelie Muth,Med, 2026
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Overcoming Resistance and Future Perspectives

Table 4. Strategies for mitigating T cell in TCE therapy
Patient population TCE combination (study phase®)

Strategies in advanced clinical trials (= phase 2)

Tyrosine kinase inhibitors (TKIs) Ph* cancers blinaiurf_mmah + ponatinib (phase 2), blinatumomab Checkpoint % W
+ dasatinib (phase 2) blockade

Epigenetic modulators untreated FL mosunetuzumab + tazemetostat (EZH2 inhibitor) (phase 2)

Strategies in early clinical trials (< phase 2) o AAED

Immune checkpoint blockade (ICB) r/r ALL, lymphoma blinatumomab + pembrolizumab (phase 1/2), CD3xCD20 | Optimized schedules | en'ﬂ:g&‘#:m
(REGN1979) + anti-PD-1 (REGN2810)

Additional costimulation rfr B-MHLr/r MM glofitamab + CD19x4-1BBL (phase 1/2)
linveseltamab + CD3BxCD28 (phase 1/2)

Cereblon-modulating agents (CELMaoDs) B cell malignancies mosunetuzumab + lenalidomide (phase 1)
tale )+ P idomide (phase 1) sg)(r:n;t

Preclinical model TCE combination =

Strategies at the preclinical stage e IL-21

Optimized administration schedules B-ALL, lymphoma blinatumomab + treatment-free intervals .. s

Metabolic reprogramming lymphoma CD3xGD19 TGE + mTOR inhibitor .

Modulation of the cellular TME Lty

Antibody-drug conjugates MM CD3xBCMA TCE + daratumumab

Local costimulation AML WT1-TCE + FAPx4-1BBL

Secreting T cell-engaging AML, B-ALL, MM e.g., CD3xCD33 TCE, CD3xCD19 + PD-L1x4-1BB

antibody (STAb) T cells TCE, CD3xCD19 + CD3xBCMA TCE

Modulation of soluble mediators in the TME

Cytokines B-ALL, MM blinatumomab + IL-12; CD3 CD19-IL-12 “BiTEokine™; TME PIBK/AKUmTOR
CD3xBCMA TCE + IL-21 inhibitars

) _ modulation

STING agonism AML CD3xCD33 TCE + STING agonist

AML, acute myeloid leukemia; B-ALL, B acute lymphoblastic leukemia; FL, follicular lymphoma; MM, multiple myeloma; Ph”, Philadelphia chromo-

some positive; TCE, T cell engager; TME, tumor microenvironment. Epigenetic

“0nly the most advanced studies are indicated. reprogramming

Amelie Muth,Med, 2026
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Overcoming Resistance and Future Perspectives — Good things come in threes

Dual Tumor Antigen Targeting Strategy: By
requiring concurrent engagement of 2 distinct
tumor antigens for full T cell activation,
trispecific molecules establish a higher
activation threshold and reduce the probability
of immune escape through single antigen loss.

Co-Stimulatory Integration Strategy: By
incorporating binding domains for co-stimulatory
receptors such as CD28 or 4-1BB, these
constructs provide both signal 1 (antigen
recognition through CD3) and signal 2 (co-
stimulation) in a single molecule, potentially
overcoming T cell exhaustion in heavily
pretreated patients

Torno, Accanemia oi Meoicina | 4-5 siusno 2026

A T cell engager (TAA/TAA/CD3)

Anti-CD38 ;l Anti-CD3
A\ Anti-BCMA

Iy

ISB 2001
B T cell engager (TAA/CD3/CD28)

T cell

T cell . MM cell

Anti-CD38 PRELE
L/ Anti-CD3 i,
\ Anti-CD28
cD28
AN )
AN (4
' cD3 cD38

SAR442257

Koh KN, Semin Hematol. 2025
Liu X, Int Immunopharmacol. 2026

Simone Ragaini, MD
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Take-home messages and conclusions
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-

Practice-changing class

BsAbs are now standard of care
in R/R NHL and MM

Accessible immunotherapy

Off-the-shelf; no manufacturing
delay vs CAR-T

Manageable but real toxicity

CRS, infections, cytopenias
require structured monitoring

Resistance is multifactorial

CD20 loss, T-cell exhaustion,
immunosuppressive TME

Biomarkers needed

Immune contexture (hot/cold),
ctDNA/MRD to guide therapy

Expanding role ahead

Earlier lines, combinations,
trispecifics in development

Understanding and overcoming resistance

is the central challenge — requiring integrated multi-omic approaches
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