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Current targets for CAR-T- in MM

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

• BCMA is a member of the TNF receptor 

superfamily

• 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

• BCMA is expressed on malignant PCs, at low 

levels on normal PCs and mature B 

lymphocytes and is absent in non-

hematological tissues

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)
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PFS

mDOR, median duration of response; NE, not evaluable; SOC, standard of care

• Median age: 68 years

• Median prior lines: 4 (2–13)

• Triple-class refractory: 73.4%

• ORR: 31.5%

• mDOR: 7.7 months

LocoMMotion: Real-life current standards of care in patients 
with RRMM who received ≥3 prior lines of therapy 

Mateos MV et al, Leukemia 2022





12 mos sustained MRD rate: 53%
PFS @ 30 mos: 75% 



Presented by R Montes de Oca at the 65th American Society of Hematology (ASH) Annual Meeting; December 9–12, 2023; San Diego, CA, USA
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Longer PFS Was Associated With a CAR+CD8+
Stem Cell–Like Phenotype in the Drug Product

Cellular Indexing of Transcriptomes and Epitopes by Sequencing (CITE-seq) analysis of drug product. CAR, chimeric antigen receptor; PFS, progression-free survival; Tcm, central memory T cell; Tem, effector memory T cell. 

Cluster
Hazard 

ratio
P value Marker Phenotype

8 0.62 0.032 CD8+TCF7+LEF1+CCR7+
CAR+CD8+ stem cell–like T cells with ability to 
proliferate into Tcm and Tem

13 1.62 0.006 CD4+FOXP3+ CAR+CD4+ Treg cell–like phenotype

Longer PFS was directly associated with a CAR+CD8+ T-stem cell–like phenotype and 
inversely correlated with a CAR+CD4+ Treg cell–like phenotype in the drug product 

Montes de Oca R, et al. ASH 2023. Poster 2099





Outcomes of BCMA-Directed CART Therapy in Patients with RRMM with EMD
still an unmet need…

Dima D, et al ASH 2023

• Real life analysis on 132 pts treated with ide-cel and cilta-cel as per SOC

• 48% previous/current history of EMD prior to CART; pair matched with rest of 
population

• No different in toxicities (CRS, ICANS, infections)

• No difference in response rate/CR rate

• Significantly shorter PFS and OS (p = 0.02 and 0.03, respectively)



Find new targets

Possible options:

Improve manufacturing/expand
accessibility

To overcome BCMA loss or 
modulation

To improve CAR-T expansion in 
heavily pretreated patients and 
persistence of exhausted T 
lymphocytes AND to reduce the 
production of anti-CAR Abs

Use earlier in patient
course

Less clonal heterogeneity, 
less clonal evolution, 
lower tumor burden, 
better functional status, 
less comorbidities 

Use agents targeting 
microenvironment

Further developments in CAR-Ts use in MM
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Progression-free survival (ITT and high-risk subgroups)

Median PFS was longer in patients treated with ide-cel vs standard regimens in the overall population and high-risk 
subgroups; interpretation in patients with R-ISS stage III disease was limited due to  small subgroup size
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55%

30%

PFS was analyzed in the ITT population of all randomized patients in both arms and included early PFS events occurring between randomization and ide-cel infusion.
PFS based on IMWG criteria per IRC. aBased on Kaplan-Meier approach; bUnstratified HR based on univariate Cox proportional hazard model. CI is two-sided; cBased on stratified log-rank test.  IMWG, International Myeloma 

Working Group. 1. Rodríguez-Otero P, et al. N Engl J Med 2023;388:1002-1014.
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OS analysis confounded by substantial crossover

KarMMa-3 updated analysis

Information fraction for OS was 74% (n = 164/222 required events). aBased on Kaplan–Meier approach; bStratified HR is based on the univariate Cox proportional hazards model. CI is 2-sided and 
calculated by bootstrap method; cTwo-stage Weibull model without recensoring (prespecified analysis).
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132 126 118 93 67 50 42 34 21 14 9 8 4 2 1 1 0

254 240 223 208 190 175 169 161 143 103 75 48 44 30 13 4 0

132 128 120 114 103 91 81 75 59 45 32 24 18 11 4 3 0

Sensitivity analysis adjusted for crossoverc
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More than half of patients in SOC arm received ide-cel as subsequent therapy upon PD, most of them within 3–16 mos from randomization

Prespecified crossover-adjusted analysis shows OS benefit of ide-cel

Early deaths in ide-cel arm occurred in pts with multiple high-risk features, due to PD, and mostly in patients who never received ide-cel

(value of bridging therapy)

42% crossed over 



San Miguel J et al, NEJM 2023



CARTITUDE-4 As-Cilta-cel Treated Population:
The 12-Month PFS Rate in Patients With High-Risk Cytogenetics and EMD

Manier S et al, IMS Athens, 2023
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KarMMa-2 cohort 2: ide-cel for “functional” HR MM

aAfter lymphodepletion (cyclophosphamide 300 mg/m2 + fludarabine 30 mg/m2 × 3), patients received a single infusion of ide-cel at a range of 150–450 × 106 CAR+ T cells (up to an additional 20%; 20% 

over the protocol-specified dose constituted overdose); bAt investigator discretion, patients could receive maintenance treatment post-infusion; cMeasurable disease determined by M protein (serum 

protein electrophoresis ≥ 0.5 g/dL or urine protein electrophoresis ≥ 200 mg/24 hours) and/or light chain MM without measurable disease in serum or urine (serum immunoglobulin free light chain 

≥ 10 mg/dL and abnormal serum immunoglobulin κ:λ free light chain ratio); dMust contain a PI, an IMiD® agent, and dexamethasone.

ASCT, autologous stem cell transplantation; CAR, chimeric antigen receptor; CR, complete response; CRR, complete response rate; DOR, duration of response; ECOG, Eastern Cooperative Oncology 

Group; HRQoL, health-related quality of life; ide-cel, idecabtagene vicleucel; IMiD, immunomodulatory drug; IMWG, International Myeloma Working Group; MM, multiple myeloma; MRD, minimal 

residual disease; ORR, overall response rate; OS, overall survival; PD, progressive disease; PFS, progression-free survival; PI, proteasome inhibitor; PK, pharmacokinetics; sCR, stringent complete 

response; TTP, time to progression; TTR, time to response; VGPR, very good partial response.

Post-treatment follow-up Survival follow-up

Primary

endpoint

Cohort 2c: CRR (CR and sCR; by

investigator per IMWG criteria)

Secondary

endpoints

Cohort 2c: ORR, VGPR rate, TTR, DOR, 

PFS, TTP, OS, safety, PK, immunogenicity 

(anti-CAR antibody response), HRQoL

Exploratory

endpoints

r Cohort 2c: MRD, biomarkers

Cohort 2 (N = 99)

Clinical high-risk MM (1 regimen)

Cohort 2a (n = 37)

Early relapse (PD < 18 months from front-line therapy

including ASCT)

Cohort 2b (n = 31)

Early relapse (PD < 18 months from front-line therapy

without ASCT)

Cohort 2c (n = 31)

Key inclusion criteria

• Inadequate response (< VGPR; excluding PD) 70–110 days 

post–ASCT (single/tandem)

• ≥ 18 years of age

• Measurable diseasec

• Received ≥ 3 cycles of induction therapyd

• ECOG performance status score ≤ 1

Survival follow-up

Every 3 months up to 5 years

after the last patient received

the first ide-cel infusion

Ide–cel infusion

(150-450 × 106

CAR+ T cells)a

Minimum 24 months

or until PD post–ide–cel

infusion, whichever

is longerb

Post-treatment

follow-up

discontinuation

visit

• Efficacy and safety were analyzed

in all patients who received ide-cel

KarMMa-2

Dhodapkar M et al, ASH 2023
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Best ORR and MRD in cohort 2c
KarMMa-2

• With a median follow-up of 39.4 months, 

median DOR and PFS NR

— 36 months DOR 81%, PFS 77%

— 12 and 24 months sustained MRD 71% and 64%

KARMMA-9 phase III R trial ide-cel vs len

currently on-going





CAR-T as first-line therapy in NDTEMM: 
EMN 28- CARTITUDE 6 trial

1. NCT05257083. Available at: https://clinicaltrials.gov/ct2/show/NCT05257083. Accessed June 
2022

2. Gay F et al. EMN 2022: (oral presentation) 

ASCT, autologous stem cell transplant; CR, complete response; D, daratumumab; EMN, European Myeloma Network; ISS, international staging system; 
MRD, minimal residual disease;  PD, progressive disease; PFS, progression-free survival; R, lenalidomide; SPM, second primary malignancies; 
VRd, bortezomib-lenalidomide-dexamethasone



Find new targets

Possible options:

Expand accessibility/ 
Improve manufacturing 

To overcome BCMA loss or 
modulation

To improve CAR-T expansion in 
heavily pretreated patients and 
persistence of exhausted T 
lymphocytes AND to reduce the 
production of anti-CAR Abs

Use earlier in patient
course

Less clonal heterogeneity, 
less clonal evolution, 
lower tumor burden, 
better functional status, 
less comorbidities 

Use agents targeting 
microenvironment

Further developments in CAR-Ts use in MM





«Next generation» anti-BCMA CART

Costa L et al, ASH 2022
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Phase 2 trial currently on-going in ND HR (comprehensive definition) MM, primary end-point MRD 10-5 

(Du J et al, ASH 2023)



European School of Haematology (ESH) – 6th Translational Research Conference Multiple Myeloma

Key inclusion criteria: RRMM ≥3 prior lines, prior IMiDTM agent, prior PI and anti-CD38 mAb.

Key baseline characteristics: median age: 60y (38–76); high-risk cytogenetics: 76%; EMD, 41%, median prior lines: 6 (4–14); prior BCMA: 59%; prior BCMA-

targeting CAR T cells: 47%; triple-class refractory 94%

Response over time

MCARH109 (GPRC5D-targeted CAR T cell therapy) 
Phase 1 first-in-class trial in RRMM

Response rates across all dose 

levels (n = 17)

50% of patients were MRD 

negative
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Schedule: dose escalation:
25×106 (n = 3); 50 ×106 (n = 3); 

150×106 (n = 6); 450 ×106 (n = 5) 

60 57

AEs any grade (grade ≥ 3) (n = 17):

• CRS 88% (6%)

• Neurological complications 6% (6%)

• Cerebellar toxicity (GPRC5D in inferior olivary nodule)

• Maculopapular rash (grade 1) 18%               

• Neutropenia (grade ≥ 3) 100%

• Thrombocytopenia (grade ≥ 3) 65% 

• Dysgeusia (grade 1) 12%

• Nail changes (grade 1) 65% 

• MAS 6% (6%)

• Infections 18% (12%)

• More frequent loss or reduced expression of GPRC5D at relapse

Mailankody S, et al. N Engl J Med, 2022;387:1196-206



Bal S et al. – Abs 364 ASH 2023

84 pts (26 at 150 dose), 5 median prior LOT, median follow-up:9 months

• 46% any prior anti-BCMA therapy (36% CAR-T)

«Next generation» anti-GPRC5D CART
BMS-986393 (CC-95266), a GPRC5D-targeted autologous CAR T-cell therapy, in patients with R/R MM, phase I/II study

Myeloma

cell

GPRC5D 

CAR TGPRC5D

GPRC5D 

CAR

BMS-986393 mechanism of action

GPRC5D-targeted CAR 

construct

Anti-GPRC5D 

domain5

4-1BB5,7

CD3-zeta5,7

Hinge and 

transmembrane 

domain5



Efficacy

• Median DOR 13 mos

Bal S et al. – Abs 364 ASH 2023



Toxicity

Bal S et al. – Abs 364 ASH 2023



CONCLUSION

• CARTs, within new immune therapies, represent a new standard of care, after 3/4 line of treatment, 

where they significantly improved survival outcomes

• 2 anti-BCMA CARTs, ide-cel and cilta-cel, are FDA and EMA approved for RRMM who received at 

least 3/4 prior LOT; anti-GPRC5D CARTs are under investigation 

• Multiple on-going programs include combinations and earlier lines of treatments, since diagnosis; 

CAR-T cell therapy will be compared head-to-head to ASCT in up-front treatment

• «Next generation» CARTs, with improved and faster manufactoring, showed impressive efficacy and 

lower toxicity

• Tailoring and sequencing immunotherapies for RR/MM is an on-going challenge

• Limited access to CAR-T cells remains a challenge in real-life clinical practice



Myeloma Clinical 
Research Group
Elena Zamagni
Paola Tacchetti
Lucia Pantani
Katia Mancuso
Ilaria Rizzello
Emanuele Favero
Marco Talarico
Flavia Bigi
Ilaria Sacchetti
Enrica Manzato
Simone Masci
Roberta Restuccia

Lab of Molecular Biology
Carolina Terragna
Marina Martello
Vincenza Solli
Andrea Poletti
Ilaria Vigliotta
Silvia Armuzzi
Barbara Turisano
Ignazia Pistoia
Gaia Mazzucchetti

Data Management
Simona Barbato
Giorgia Lazzarini
Francesca Trombetta
Alessandra Scatà
Nicola Parisi
Nicola Paprusso

Istituto di Ematologia Seràgnoli

Lab of Cellular Biology
Enrica Borsi

Prof. Michele Cavo

Lab of Cytogenetics
Nicoletta Testoni
Giulia Marzocchi

THANKS!
Myeloma Research Group

CAR-T Research Unit (F. Bonifazi)


