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1st generation

Improvements in MM therapies and OS over the 2000s

relative OS (%) at 5 yrs from diagnosis

55% 61%35%

Thalidomide



The ubiquitin proteasome pathway

Proteins targeted for 
degradation are 
recognized through their 
ubiquitin tag by the 19S 
cap structure of the 26S 
proteasome1
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The Role of the Proteasome in Protein Degradation

• Ub, ubiquitin.

• Image adapted from Hideshima T, et al. Mol Cancer Ther. 2011;10:2034-2042 and Chen D, et al. Curr Cancer Drug Targets. 2011;11:239-253. 1. Moreau P, et al. Blood. 
2012;120:947-959. 2. Kubiczkova L, et al. J Cell Mol Med. 2014;18:947-961. 3. Chauhan, et al. BMC Biochem. 2008;9 Suppl 1:S1. 

• The ubiquitin proteasome pathway 
maintains cellular homeostasis through 
degradation of misfolded and 
regulatory proteins1

• More than 80% of cellular proteins are 
degraded through this pathway, 
including those involved in processes 
such as cell cycle progression, 
apoptosis, and DNA repair2

• Disruption of proteasome activity 
interferes with normal protein 
elimination, thereby causing a buildup 
of unwanted proteins and eventual cell 
death3

The proteasome is critical for maintaining cellular 
homeostasis1





“Bologna 2002” study
Aimed at exploring the incorporation of thal-dex into double ASCT as
induction therapy and thereafter continuous treatment until the second ASCT



Synergistic anti-MM activity of PIs and IMiDs
• IMiDs exert potent anti-myeloma cell 

activity, including:
• Stimulation of apoptosis1

• Inhibition of angiogenesis, adhesion, 
and cytokine circuits within the bone 
marrow microenvironment1

• Enhancement of antitumor immune 
response through T cells and natural 
killer cells1

• Preclinical studies demonstrate that IMiDs 
sensitize myeloma cells to PI-induced 
apoptosis through combined inhibition of 
prosurvival NF-κB activity2

IMiD, immunomodulatory agent; NF-κB, nuclear factor κB; PI, proteasome inhibitor.

Image adapted from Hideshima T, Anderson K. Nat Rev Cancer. 2002;2:927-937. 1. Zhu YX, et al. Leuk Lymphoma. 2013;54:683-687. 2. 
Mitsiades N, et al. Blood. 2002;99:4525-4530. 3. Hideshima T, Anderson K. Nat Rev Cancer. 2002;2:927-937. 

Combination of PI and IMiD 
enhances proapoptotic 

effect on primary MM cells 
in vitro2 PIs and IMiDs work synergistically to induce 

myeloma cell death2,3

NF-κB 
is inactive

PIs and IMiDs 
both induce 

apoptosis 
through caspase 

8

PIs and IMiDs 
both inhibit 

NF-κB activity

Anti-myeloma activity 
of PIs and IMiDs2,3

Public Information



Novel agents in combinations



CASSIOPEIA and PERSEUS: Study Design
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1. Lammerts van Bueren J, et al. Blood. 2014;124:Abstract 3474  2. Jansen JMH, et al. Blood. 2012;120:Abstract 2974 3. de Weers M, et al. J Immunol. 2011;186:1840-8 4. Overdijk MB, et al. MAbs. 2015;7:311-21 5. Krejcik J, et al. Blood. 2016. 128(3):384-94

Multimodal mechanisms of action of anti-CD38 and SLAMF7 mAb

D-VRd for TE-NDMM
D-VTd for TE-NDMM
D-Rd for TNE-NDMM
D-VMP for TNE-NDMM
D-Rd for RRMM after ≥1 prior LOT 
D-Pd for RRMM after ≥1-≥2 prior LOT 

Isa-Kd for RRMM after ≥1 prior LOT
Isa-Pd for RRMM after ≥2 prior LOT

Elo-Pd for RRMM after ≥2 prior LOT 



Rationale for IMiD + CD38 mAb Combinations

Neumeister. Int J Mol Sci. 2022;23:7627. CC BY 4.0. No changes made. van de Donk. Blood. 2018;131:13. 

Enhanced NK-cell 
mediated ADCC

Increased antitumor 
activity of macrophages 
and enhanced ADCP

Increased CD38 
expression on T regs

Enhanced cytotoxicity

https://creativecommons.org/licenses/by/4.0/
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MRD negativity (10-5)

CR and MRD negativity rates with first-line 
3 or 4 drug-based therapies w/wo ASCT

ASCT-based





On April 12, 2024, FDA ODAC voted 12-0 in favor of using minimal residual disease (MRD) 
as an accelerated approval endpoint in multiple myeloma clinical trials

The EVIDENCE meta-analysis: evaluating minimal residual disease as an intermediate clinical endpoint for MM 
(Landgren O et al, Blood 2024,144(4):359-367)
Conclusion: The Applicants have worked with the broader MM community to develop a novel endpoint of MRD that has the 
potential to expedite drug development in MM. While there are still outstanding questions on how to best use MRD, the meta-
analyses conducted (University of Miami and IMF led i2TEAMM) represent robust assessments of MRD that support its 
prognostic value, provide information regarding the appropriate timing of MRD assessment, and suggest that MRD may be 
appropriate to use as an intermediate clinical endpoint to support accelerated approval.

FDA ODAC voted 12-0 to recommend MRD as a MM Endpoint



ASCT X 1 vs ASCT X 2 by HRCA



Treatment endpoints

• To maximize the rate of 
undetectable MRD

• To sustain MRD negativity

• To prolong PFS/OS, offering 
a chance of cure (to a 
fraction of patients)

• To inform clinical decisions 
and tailor treatment

POLLUX+CASTOR+ 
MAIA+ALCYONE

MAIA+ALCYONE

1. Cavo M et al, Blood 2022;139:835-44; 2. San Miguel J et al, Blood 2022;139:492-501



PERSEUS: Study Design

ECOG PS, Eastern Cooperative Oncology Group performance status; V, bortezomib; SC, subcutaneous; PO, oral; d, dexamethasone; IV, intravenous; QW, weekly; Q2W, every 2 weeks; PD, progressive disease; Q4W, every 4 weeks; ISS,
International Staging System; rHuPH20, recombinant human hyaluronidase PH20; IMWG, International Myeloma Working Group; VGPR, very good partial response. aStratified by ISS stage and cytogenetic risk. bDARA 1,800 mg co-
formulated with rHuPH20 (2,000 U/mL; ENHANZEâ drug delivery technology, Halozyme, Inc., San Diego, CA, USA). cResponse and disease progression were assessed using a computerized algorithm based on IMWG response criteria.
dMRD was assessed using the clonoSEQ assay (v.2.0; Adaptive Biotechnologies, Seattle, WA, USA) in patients with ≥VGPR post-consolidation and at the
time of suspected ≥CR. Overall, the MRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity (10–5 threshold) and ≥CR at any time.

Primary endpoint: PFSc

Key secondary endpoints: Overall ≥CR rate,c overall MRD-negativity rate,d OS

VRd
V: 1.3 mg/m2SC 

Days 1, 4, 8, 11
R: 25 mg PO Days 1-21
d: 40 mg PO/IV Days 1-4, 9-12

D-VRd
DARA: 1,800 mg SCb Q2W

VRd administered as in
the VRd group

R
R: 10 mg PO Days 1-28 until PD

MRD
positive

MRD
negative

Continue
D-R

until PD

Stop DARA and
continue R

Key eligibility 
criteria

• Transplant-eligible
NDMM

• Age 18-70 years
• ECOG PS ≤2
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DARA: 1,800 mg SCb

QW Cycles 1-2
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VRd administered as in 
the VRd group
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VRd
V: 1.3 mg/m2SC 

Days 1, 4, 8, 11
R: 25 mg PO Days 1-21
d: 40 mg PO/IV Days 1-4, 9-12

Stop DARA therapy
after ≥24 months of D-R maintenance for

patients with ≥CR and 12 months of
sustained MRD negativity (10–5)

Restart 
DARA

per criteria

D-R
DARA: 1,800 mg 

SCb Q4W
R: 10 mg PO Days

1-28

Minimum 2y

Restart DARA therapy upon
confirmed loss of CR without 

PD or
recurrence of MRD

Presented by P Rodriguez-Otero at theAmerican Society of Clinical Oncology (ASCO)Annual Meeting; May 31-June 4, 2024; Chicago, IL, USA 18

MRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity and ≥CR in the ITT population.
Patients who were not evaluable or had indeterminate results were considered MRD positive.



PERSEUS study: improvement in PFS and MRD negativity
with D-VRd followed by DR maintenance therapy

HR, hazard ratio; CI, confidence interval. aMRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity and ³CR. MRD was assessed using bone marrow aspirates and evaluated via NGS (clonoSEQ assay,
version 2.0; Adaptive Biotechnologies, Seattle, WA, USA). bP values were calculated with the use of the stratified Cochran–Mantel–Haenszel chi-square test.
cP value was calculated with the use of Fisher’s exact test.
1. Sonneveld P, et al. N Engl J Med. 2024;390(4):301-313.

58% reduction in the risk of progression or death in 
patients receiving D-VRd

Deep and durable MRD negativity 
achieved with D-VRd

Median follow-up:
47.5 months
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Median time
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Overall and sustained MRD-negativity ratesa
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PERSEUS: Study Design

ECOG PS, Eastern Cooperative Oncology Group performance status; V, bortezomib; SC, subcutaneous; PO, oral; d, dexamethasone; IV, intravenous; QW, weekly; Q2W, every 2 weeks; PD, progressive disease; Q4W, every 4 weeks; ISS,
International Staging System; rHuPH20, recombinant human hyaluronidase PH20; IMWG, International Myeloma Working Group; VGPR, very good partial response. aStratified by ISS stage and cytogenetic risk. bDARA 1,800 mg co-
formulated with rHuPH20 (2,000 U/mL; ENHANZEâ drug delivery technology, Halozyme, Inc., San Diego, CA, USA). cResponse and disease progression were assessed using a computerized algorithm based on IMWG response criteria.
dMRD was assessed using the clonoSEQ assay (v.2.0; Adaptive Biotechnologies, Seattle, WA, USA) in patients with ≥VGPR post-consolidation and at the
time of suspected ≥CR. Overall, the MRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity (10–5 threshold) and ≥CR at any time.

Primary endpoint: PFSc

Key secondary endpoints: Overall ≥CR rate,c overall MRD-negativity rate,d OS
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MRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity and ≥CR in the ITT population.
Patients who were not evaluable or had indeterminate results were considered MRD positive.



PERSEUS study: MRD conversion rate during maintenance
therapy for MRD positive patients after consolidation

During maintenance, conversion to MRD negativity (10–6) was doubled,
and conversion to sustained MRD negativity was tripled, with D-R versus R
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Proportion of patients converting from 
MRD positive to MRD negative
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D-VRd VRd D-VRd VRd D-VRd VRd D-VRd VRd
(n = 88) (n = 121) (n = 134) (n = 155) (n = 88) (n = 121) (n = 134) (n = 155)

10–5

Proportion of patients achieving sustained MRD 
negativity

10–5 10–6

P = 0.0049 P <0.0001

P = 0.0006 P <0.0001

MRD-negativity rate was defined as the proportion of patients who achieved both MRD negativity and ≥CR. P values were calculated using the unstratified Cochran–Mantel–Haenszel chi-square test.

Presented by P Rodriguez-Otero at theAmerican Society of Clinical Oncology (ASCO)Annual Meeting; May 31-June 4, 2024; Chicago, IL, USA 21



AURIGA study: increased MRD conversion rate and
sustained MRD negativity during maintenance therapy

Badros A, IMS 2024

PFS favored D-R versus R, with a 47% reduction in the risk of disease progression or death

Median follow-up: 32.3 months

PFS in the ITT Population
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IMROZ: PFS with Isa-VRd vs VRd
at a median follow-up of 5 years

CEPHEUS: PFS with DVRd vs VRd
at a median follow-up of ~ 5 years

1. Facon T et al. EHA 2024 P968 2. Usmani SZ, IMS 2024



Treatment options approved for TCE RRMM1–6  after the 
EHA-ESMO guidelines

*Following a re-examination, the CHMP has confirmed its initial recommendation to not renew the conditional marketing authorisation for Blenrep (belantamab mafodotin), a medicine used to treat multiple myeloma.7
BCMA, B-cell maturation antigen; BsAb, bispecific antibody; C, cyclophosphamide; CAR-T, chimeric antigen receptor T cell therapy; CD, cluster of differentiation; CHMP, Committee for Medicinal Products for Human Use; d, dexamethasone; 
Dara, daratumumab; EHA, European Hematology Association; Elo, elotuzumab; ESMO, European Society for Medical Oncology; GPRC5D, G protein–coupled receptor class C group 5 member D; IMiD, immunomodulatory drugs; Isa, 
isatuximab; K, carfilzomib; mAb, monoclonal antibody; P, pomalidomide; PI, proteasome inhibitor; RRMM, relapsed/refractory multiple myeloma; S, Selinexor; TCE, triple-class exposed; V, bortezomib; Ven, venetoclax.
1. Dimopoulos MA, et al. Ann Oncol 2021;32:309–322; 2. Tecvayli SmPC, April 2024; 3. Elrexfio SmPC, January 2024; 4. Talvey SmPC, March 2024; 5. Carvykti SmPC, April 2024; 6. Abecma SmPC, April 2024; 7. EMA. Meeting highlights 
from the Committee for Medicinal Products for Human Use (CHMP) 11–14 December 2023. Available at: https://www.ema.europa.eu/en/news/meeting-highlights-committee-medicinal-products-human-use-chmp-11-14-december-2023 (last 
accessed June 2024).

*

BCMA-targeted BsAbs
Teclistamab,2 elranatamab3

GPRC5D-targeted BsAb
Talquetamab4

BCMA-directed CAR-T
Cilta-cel,5 ide-cel6

T cell-redirecting therapies 
approved for TCE RRMM
Not in EHA–ESMO guidelines



Targets for ADCs and T-cell redirecting therapies

scFv
CAR 

CAR T cell 

MM cell

BCM
A

FcRH
5

G
PRC5D

GPRC5DBC
MA

FcRH
5

CAR T cell

Hinge
Signaling

domain

T cell

Bispecific antibody

IgG-like bispecific antibody 

CD3

CD38

CD138

SLAMF7

Antibody–drug conjugate 

Image adapted from Verkleij CPM, et al. Curr Opin Oncol. 2020;32:664-71 and Bruins WSC, et al. Front Immunol. 2020;11:1155. 
APRIL, a proliferation-inducing ligand; BAFF, B-cell activating factor; BCMA, B-cell maturation antigen; CD, cluster of differentiation; FcRH5, Fc 
receptor-like 5; GPRC5D, G-protein coupled receptor family C group 5 member D; Ig, immunoglobulin; MM, multiple myeloma; NF-κB, nuclear 
factor Bs; PC, plasma cell; SLAMF7, signaling lymphocytic activation molecule family member 7; TNF, tumor necrosis factor.
1. Rodríguez-Lobato LG, et al. Front Oncol. 2020;10:1243. 2. Pillarisetti K, et al. Blood Adv. 2020;4:4538–49. 3. Yu B, et al. J Hematol Oncol. 
2020;13:125. 4. Verkleij CPM, et al. Blood Adv. 2020;5;2196-215. 5. Smith EL, et al. Sci Transl Med. 2019;11:eaau7746. 6. Li J, et al. Cancer Cell. 
2017;31;383-95. 7. Bruins WSC, et al. Front Immunol. 2020;11:1155. 8. Lancman G, et al. Blood Cancer Discov. 2021;2:423-33.

BCMA

• TNF receptor superfamily member

• APRIL and BAFF are known ligands, leading to 
activation of the NF-κB pathway

• BCMA promotes plasma cell survival, growth, 
resistance to apoptosis, adhesion, and angiogenesis

• γ-secretase cleaving causes shedding of soluble 
BCMA

• Expressed on malignant PCs, at low levels on 
normal PCs, absent in non-hematological tissues

FcRH5

• FcRH5 is a surface protein in the Ig superfamily

• It is expressed only in B cells, with increasing 
expression in mature B cells and plasma cells

• FcRH5 is involved in proliferation and isotype 
expression

GPRC5D

• GPRC5D is a member of the G protein-coupled 
receptor family with an unknown function

• It is highly expressed on malignant PCs, as well as 
hard keratinized structures (hair shaft, nail, and 
central region of the tongue)



Neri P et al, Nat Rev Clin Oncol. 2024 Aug;21(8):590-609

MoA of novel targeted immunotherapies in MM



Dual targetEMA-approved T-charge
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First CAR-T cell therapy for RRMM in Italy (2019)
VTd + ASCT Rd Dara BendaPd Kd Ide-Cel

67 months of 
sustained CR/MRD 

negativity



12 mos-sustained MRD neg: 53%
PFS @ 30 mos: 75% 





Approval status (all)

• EU: adult patients with RRMM who have received ≥ 3 prior therapies, including 
an IMiD, a PI and an anti-CD38 antibody and have demonstrated disease 
progression on the last therapy 

EMA-approved CAR T and BsAbs for RRMM 

1. ABECMA US PI. April 2021; 2. ABECMA SmPC. June 2023; 3. CARVYTKI US PI. December 2023; 4. CARVYTKI SmPC. March 2022; 5. TECVAYLI US PI. October 2022; 6. TECVAYLI SmPC. October 2022; 7. 
ELREXFIO SmPC. January 2024; 8. ELREXFIO SmPC. January 2024; 9. TALVEY US PI. August 2023; 10. TALVEY US PI. August 2023.

CAR T cell therapy Bispecific antibodies

Ide-cel1,2

• Target: BCMA
First approval (both, 2021 and 2022)

• Adult patients with RRMM who have received ≥ 3 prior LoT, including an 
IMiD, a PI and an anti-CD38 antibody and have demonstrated disease 
progression on the last therapy

Expanded indication (both, 2024)

• Ide-cel: adult patients with RRMM who have received ≥ 2 prior LoT,
including an IMiD, a PI and an anti-CD38 antibody and have demonstrated 
disease progression on the last therapy

• Cilta-cel: adult patients with RRMM who have received ≥1 prior LoT
including an IMiD and a PI, have demonstrated disease progression on the 
last therapy, and are refractory to lenalidomide

Cilta-cel3,4

• Target: BCMA
Teclistamab5,6

• Target: BCMA x CD3

Elranatamab7,8

• Target: BCMA x CD3

Talquetamab9,10

• Target: GPRC5D x CD3





Dual targetEMA-approved T-charge



Alternative constructs, manufacturing processes, and
enginereed cells

ARI0002h

Durca-cel

Cesni-cel Anito-cel



Lee H et al, Hematology Am Soc Hematol Educ Program. 2023 Dec 8;2023(1):332-339

Monovalent and bivalent IgG-like BsAbs



1 Nooka et al. ASCO 2022; 2 Bahlis et al. ASH 2022; 3 Voorhees et al. IMS 2022; 4 Hans L. et al. ASCO 2023; 5 Wong et al. ASH 2019; 6 Suvannasankha et al. AACR 2023

BCMA-targeting BsAbs

Teclistamab
MajesTEC-11

(n=165)

Elranatamab
Magnetismm32

(n=123)

Alnuctamab5

CC-93269
(n=68)

ABBV-383B3

(n=118)

Linvoseltamab
LINKER-MM14

(n=117)

REGN54596

(n=43)

Phase I/II I/II I/II I II I/II

Target BCMA-CD3 BCMA-CD3 BCMA-CD3 BCMA-CD3 BCMA-CD3 BCMA-CD3

scFv Humanized Humanized Humanized Human Human Human

Ig IgG4 IgG2a IgG1-based IgG4 IgG4 IgG4

Administration SC SC SC IV IV IV

# prior lines 5 (2-14) 5 (2-12) 4 (3-11) 5 (1-15) 5 (2-14) 5 (2-9)

Age 64 (33-84) 69 (44-89) 64 (36-79) 68 (35-88) 70 (37-91) 67 (26-85)

EMA approved IV infusionbivalent domain CD3 low affinity

low 
affinity 
to CD3

low 
affinity 
to CD3



BCMA × CD3 T-Cell bispecific antibody: Teclistamab
MajesTEC-1, Phase Ib/II study1

39

*Patients could further switch to monthly dosing if they demonstrated continued response on the Q2W schedule; †Includes patients who had ≥1 soft tissue plasmacytoma not associated with bone; aORR assessed by independent review committee; bFor the Phase II efficacy 
population (patients enrolled in cohort A on or before March 18, 2021), ≥CR rate was 46.4% (51/110).
AE, adverse event; BCMA, B-cell maturation antigen; CI, confidence interval; CR, complete response; DoR, duration of response; ECOG, Eastern Cooperative Oncology Group; HRQoL, heatlh-related quality of life; IMiD, immunomodulatory agent; IV, intravenous; LOT, line of 
therapy; (m)PFS, (median) progression-free survival; MRD, minimal residual disease; ORR, overall response rate; OS, overall survival; PD, pharmacodynamics; PFS, progression-free survival; PI, proteasome inhiitor; PK, pharmacokinetic; PR, partial response; PS, performance 
status; Q2W, every 2 weeks; QW, weekly; RP2D, recommended phase 2 dose; RRMM, relapsed/refractory multiple myeloma; SC, subcutaneous; sCR, stringent complete response; VGPR, very good partial response.
1. Van de Donk NWCJ, et al. ASCO 2023 (Abstract No. 8011 – presentation); 2. Press release, August 2023. Available at: https://www.jnj.com/european-commission-approves-reduced-dosing-frequency-for-janssens-bispecific-antibody-tecvayli-
teclistamab#:~:text=BEERSE%2C%20Belgium%2C%2018%20August%202023,kg%20every%20two%20weeks%20in (last accessed September 2023).

Extramedullary disease,† n (%) 28 (17.0)

High-risk cytogenetics, n (%) 38 (25.7)

ISS stage III, n (%) 20 (12.3)

Prior lines of therapy, median (range) 5 (2–14)

Refractory status, n (%)
Triple-class refractory
Penta-drug refractory

128 (77.6)
50 (30.3)

Trial design and dosing schedule1

Baseline characteristics, N=1651

Response rates1

Duration of response1

mPFS, months: 
≤3 prior LOT: 18.1
>3 prior LOT: 9.7

Progression-free survival1

Teclistamab dosing schedule: QW; option to switch to Q2W* after ≥4 
cycles (Phase I) if ≥PR or after ≥CR (Phase II) sustained for at least 6 
months2

Median to first response: 1.2 mos1

Median to ≥CR: 4.6 mos1

MRD-neg. rate (10–5): 27%1

MRD-evaluable/MRD neg: 85.7%

FDA/EMA approved

Median: 24.0 mos
≥ CR:  60.8% at 30 mos

Median: 11.4.0 mos
≥ CR:  61% at 30 mos



BCMA × CD3 T-cell bispecific antibody: Elranatamab
MagnetisMM-3 phase 2 study1
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Elranatamab dosing schedule1

Baseline characteristics, Cohort A (N=123)1

Response rates1

Duration of response1

Progression-free survival1

dExtramedullary disease was defined as presence of any plasmacytoma (extramedullary and/or paramedullary) with a soft-tissue component.
BCMA, B-cell maturation antigen; BICR, blinded independent central review; CI, confidence interval; CR, complete response;  DOR, duration of response;  NE, not evaluable; NR, not reported; ORR, overall response rate; PFS, progression-free survival; 
PR, partial response; Q2W, every 2 weeks; QW, weekly; VGPR, very good partial response. 
1. Lesokhin AM, et al. Nat Med 2023; doi: 10.1038/s41591-023-02528-9. Online ahead of print.    2. 4th EMN Meeting, 2024 

QW cycles 1–6; Q2W cycles 7+ for patients with ≥PR

Median time to first response:
1.2 months1

Median time to ≥CR: 
6.1 months1

Extramedullary disease by BICR,† n (%) 39 (31.7)

Bone marrow plasma cells, n (%)
<50%
≥50%
Missing

89 (72.4)
26 (21.1)

8 (6.5)

Prior lines of therapy, median (range) 5 (2–22)

Prior stem cell transplant, n (%) 87 (70.7)

Exposure status, n (%)
Triple-class
Penta-drug

123 (100.0)
87 (70.7)

Refractory status, n (%)
Triple-class refractory
Penta-drug refractory

119 (96.7)
52 (42.3)

Refractory to last line of therapy, n (%) 118 (95.9)

FDA/EMA approved



Approval status (all)

• EU: adult patients with RRMM who have received ≥ 3 prior therapies,
including an IMiD, a PI and an anti-CD38 antibody and have demonstrated 
disease progression on the last therapy 

EMA-approved CAR T and BsAbs for RRMM 

1. ABECMA US PI. April 2021; 2. ABECMA SmPC. June 2023; 3. CARVYTKI US PI. December 2023; 4. CARVYTKI SmPC. March 2022; 5. TECVAYLI US PI. October 2022; 6. TECVAYLI SmPC. October 2022; 
7. ELREXFIO SmPC. January 2024; 8. ELREXFIO SmPC. January 2024; 9. TALVEY US PI. August 2023; 10. TALVEY US PI. August 2023.

CAR T cell therapy Bispecific antibodies

Ide-cel1,2

• Target: BCMA
First approval (ide-cel in 2021; cilta-cel in 2022)

• Adult patients with RRMM who have received ≥ 3 prior LoT, including an 
IMiD, a PI and an anti-CD38 antibody and have demonstrated disease 
progression on the last therapy

Expanded indication (both, 2024)

• Ide-cel: adult patients with RRMM who have received ≥ 2 prior LoT,
including an IMiD, a PI and an anti-CD38 antibody and have demonstrated 
disease progression on the last therapy

• Cilta-cel: adult patients with RRMM who have received ≥1 prior LoT
including an IMiD and a PI, have demonstrated disease progression on the 
last therapy, and are refractory to lenalidomide

Cilta-cel3,4

• Target: BCMA
Teclistamab5,6

• Target: BCMA x CD3

Elranatamab7,8

• Target: BCMA x CD3

Talquetamab9,10

• Target: GPRC5D x CD3



1 Nooka et al. ASCO 2022; 2 Bahlis et al. ASH 2022; 3 Voorhees et al. IMS 2022; 4 Hans L. et al. ASCO 2023; 5 Wong et al. ASH 2019; 6 Suvannasankha et al. AACR 2023

BCMA-targeting BsAbs

Teclistamab
MajesTEC-11

(n=165)

Elranatamab
Magnetismm32

(n=123)

Alnuctamab5

CC-93269
(n=68)

ABBV-383B3

(n=118)

Linvoseltamab
LINKER-MM14

(n=117)

REGN54596

(n=43)

Phase I/II I/II I/II I II I/II

Target BCMA-CD3 BCMA-CD3 BCMA-CD3 BCMA-CD3 BCMA-CD3 BCMA-CD3

scFv Humanized Humanized Humanized Human Human Human

Ig IgG4 IgG2a IgG1-based IgG4 IgG4 IgG4

Administration SC SC SC IV IV IV

# prior lines 5 (2-14) 5 (2-12) 4 (3-11) 5 (1-15) 5 (2-14) 5 (2-9)

Age 64 (33-84) 69 (44-89) 64 (36-79) 68 (35-88) 70 (37-91) 67 (26-85)

EMA approved IV infusionbivalent domain CD3 low affinity

low 
affinity 
to CD3

low 
affinity 
to CD3



BCMA-targeting BsAbs
Product Schedule n PL/

TCR Response RP2D PFS/DoR/OS (m)

Teclistamab1 0.06–0.3–1.5 mg/kg QW SC; 
switch to Q2W/Q4W dosing 165 5PL/

77.6% ORR 63% ≥CR: 45.4% 11.3/21.6 @23 months/21.9m

Elranatamab2

12–32–76 mg SC QW
Option to switch to Q2W after 
≥4 cycles (Phase I) if ≥PR or after 
6 months (Phase II) if ≥CR

123 5PL/
96.7% ORR 61% ≥CR: 35.0% 17.2m/69% at 12m/21.9m

ABBV-3833 60 mg IV Q3W 124 5PL/
82%

ORR 64% (27% ≥CR) @ 40mg
ORR 60% (35% ≥CR) @ 60mg  

10.4 months/NR in all patients 
@10.8 month follow-up

Linvoseltamab4 5–25–200 mg IV C1–C3 QW
C4–C5 Q2W Q4W later if ≥VGPR

117 at 
200mg

5‒6PL/
80% ORR 69% (39% ≥CR) (n=117) 70% at 12m/87% at 12m/NA

Alnuctamab5 Target dose: 30 mg SC C1–C2 
QW; C3–C6 Q2W;  Q4W from C7 

73
30 at 
RP2D

4PL/
63%

ORR 69% (44% ≥CR) 
@ 30 mg (n=30) 11.4 m/NR (64% at 12m)

The data presented are provided for ease of viewing information from multiple trials. Direct comparison between trials is not intended and should not be inferred.
BCMA, B-cell maturation antigen; bsAb, bispecific antibody; C, Cycle; CR, complete response; DoR, duration of response; IV, intravenous; mAb, monoclonal antibody; MM, multiple myeloma; MTD, maximum
tolerated dose; NR, not reported; ORR, overall response rate; PFS, progression-free survival; PL, prior lines; QW, every week; Q2W, every other week; Q3W, every three weeks; Q4W, every four weeks; RP2D,
recommended phase II dose; SC, subcutaneous; sCR, stringent complete response; TCR, triple-class refractory; VGPR, very good partial response.
1. Van de Donk NWCJ, et al. ASCO 2023 (Abstract No. 8011 – presentation); 387:495-505; 2. Tomasson et al. ASH 2023: abstract 3385; 3. Vij R et al: ASH 2023: abstract 3378; 4. Lee HC. ASCO 2023 (Abstract No.
8006 ‒ presentation); 5. Bar et al. ASH 2023: abstract 2011).



Courtesy of P. Neri





Anti-GPRC5D
Talquetamab

Anti-GPRC5D
Forimtamig

Anti-FCRH5
Cevostamab

Patients (n) 143 145 51 51 57 161

Prior TCE Naïve (ADC allowed) Naïve (ADC allowed) Anti-BCMA 
CARs/BsAb allowed

Anti-BCMA 
CARs/BsAb allowed

Anti-BCMA 
CARs/BsAb allowed

Schedule 405 μg/Kg SC QW 800 μg/Kg SC Q2W 5-1600 μg/Kg  SC 18-10000μg/Kg IV 
Q2-3W 

1200-7200 μg/Kg IV 
Q2-3W

20-198 mg IV 
Q3W

Prior LoT 5 5 6 5 4 6

TCR/Penta-ref (%) 74/29 69/23 84/41 62/36 72/42 85/68

ORR/≥CR (%) 74.1/33.6 71.7/38.7 64.7/35.3 71/35 64/25 56.7/8.9

ORR prior BCMA (%) 75% prior CAR-T
44.4% prior BsAbs 50 55

PFS 7.5 14.2 5.1 NR NR NR

DoR 79% at 12m (≥CR ) 90% at 12m (≥CR ) 63% at 12m (≥CR ) 11.5 m

OS 76% at 12m 76% at 12m 80% at 12m NR

Schinke et al- ASCO 2023; Chari et al. NEJM 2023; Carlo-Stella et al. ASH 2022; Trudel et a ASH2021; Harrison et al . IMS 2023

GPRC5D- and FcRH5-targeting BsAbs
2:1 binding



GPRC5D × CD3 T-cell bispecific antibody: Talquetamab
MonumenTAL-1, Phase I/II study1–3

47

Trial design2

Response rates2

Duration of response3

Overall mPFS: 7.5 months (95% CI, 5.7–9.4) Overall mPFS: 11.9 months (95% CI, 8.4–NE)

AE, adverse event; BCMA, B-cell maturation antigen; CI, confidence interval; CR, complete response; CRS, cytokine release syndrome; DOR, duration of response; ICANS, immune cell effector cell-associated neurotoxicity syndrome; mPFS, median 
progression-free survival; PR, partial response; NA, not applicable; NR, not reported; Q2W, every 2 weeks; QW, weekly; RP2D, recommended Phase II dose; SC, subcutaneous; sCR, stringent complete response; VGPR, very good partial response.
1. Chari A, et al. N Engl J Med 2022;387:2232-2244; 2. Schinke CD, et al. ASCO 2023 (Abstract No. 8036 – oral presentation); 3. Chari A, et al. ASH 2022 (Abstract No. 157 – presentation).

RP2D 0.4 mg/kg QW SC
• Prior BCMA-targeting ADC treatment allowed
• Prior T-cell redirecting therapy-naïve 

(n=143; n=21 Phase I and n=122 Phase II)

RP2D 0.8 mg/kg Q2W SC
• Prior BCMA-targeting ADC treatment allowed
• Prior T-cell redirecting therapy-naïve 

(n=145; n=36 Phase I and n=199 Phase II)

Prior T-cell redirection (QW and Q2W)
• Patients received either 0.4 mg/kg QW or 

0.8 mg/kg talquetamab
(n=51; n=17 Phase I and n=34 Phase II)

100% 
triple-class 

exposed
69–74% 

triple-class 
refractory DoR: 0.4 mg/kg SC QW DoR: 0.8 mg/kg SC Q2W

FDA/EMA approved



Anti-GPRC5D
Talquetamab

Anti-GPRC5D
Forimtamig

Anti-FCRH5
Cevostamab

Patients (n) 143 145 51 51 57 161

Prior TCE Naïve (ADC allowed) Naïve (ADC allowed) Anti-BCMA 
CARs/BsAb allowed

Anti-BCMA 
CARs/BsAb allowed

Anti-BCMA 
CARs/BsAb allowed

Schedule 405 μg/Kg SC QW 800 μg/Kg SC Q2W 5-1600 μg/Kg  SC 18-10000μg/Kg IV
Q2-3W

1. 1200-7200 
μg/Kg IV Q2-

3W

20-198 mg IV 
Q3W

Prior LoT 5 5 6 5 4 6

TCR/Penta-ref (%) 74/29 69/23 84/41 62/36 72/42 85/68

ORR/≥CR (%) 74.1/33.6 71.7/38.7 64.7/35.3 71/35 64/25 56.7/8.9

ORR prior BCMA (%) 75% prior CAR-T
44.4% prior BsAbs 50 55

PFS 7.5 14.2 5.1 NR NR NR

DoR 79% at 12m (≥CR ) 90% at 12m (≥CR ) 63% at 12m (≥CR ) 11.5 m

OS 76% at 12m 76% at 12m 80% at 12m NR

Schinke et al- ASCO 2023; Chari et al. NEJM 2023; Carlo-Stella et al. ASH 2022; Trudel et a ASH2021; Harrison et al . IMS 2023

GPRC5D- and FcRH5-targeting BsAbs
2:1 binding



Resting improves/prevents T-cell exhaustion induced by 
continous exposure to BsAbs

Philip et al., Blood, 8 September 2022



1. Lancman et al., Blood Cancer Discov (2023) 4 (6): 440–451. 2. Frerichs et al., Blood Advances, 8(1):194 3.Nooka et. Al., Cancer 2023 4. Mazahreh F, et al Blood Adv 2023; 7: 3069-3074  5. Frerichs K, et al. EHA 2023 (Abstract No. P1506 – poster

Mitigation of the infection risk according to the target of BsAbs
and the administration schedule



RedirecTT-1 study: teclistamab and talquetamab

EMD

• Onset of the majority of high-grade infections
occurred during the first 6 months (75.0%)

• Most high-grade infections were pneumonias

• 81.7% with ≥1 postbaseline IgG value
<400 mg/dL or hypogammaglobulinemia TEAE (all
grade 1 or 2)



TRIMM-2 study: talquetamab and daratumumab

• Onset of the majority of high-grade infections occurred during the first 6 months (75.0%)

• Most high-grade infections were pneumonias



1.Risk-adapted and MRD-driven approaches, including TCR therapies (if 
available) and treatment intensification or deintensification

2. Combination strategies 

+ BsAbs (quintuplets?) 

doublet maintenance: lenalidomide + anti-CD38, or + 
PI, or + BsAb, or + CELMoDs) 

How to improve upfront therapy w/wo TCR tx



1.Earlier use (first line?) 

2. Optimizing CAR-T constructs 

binding and co-stimulatory domains 

dual targeting (EMD) 

3. Optimizing BsAb formats 

high affinity binders to the target

dual targeting 

low affinity binders to CD3 

How to improve TCR therapies



How to improve TCR therapies

4. Shortening CAR-T manufacturing process 

5. Improving T-cell function, and/or 

6. Preventing/reversing T-cell exhaustion, and/or

7. Inhibiting exhaustion related signals 

enriched with naive/stem cell memory T cells 

combination with anti-PD-1/PD-L1 inhibitors, or anti-CD38 mAbs, or
IMiDs, or CELMoDs  

fixed treatment duration/extended treatment-free intervals (BsAbs) 



How to improve TCR therapies
8. Overcoming the immunosuppressive microenvironment

armored CAR-T

9. Optimal sequencing 

10. Combination strategies 

BsAbs as a bridge to, or consolidation after, CAR-T  

IMiDs, CELMoDs, anti-CD38, anti-PD-1/PD-L1


