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Abstract. Multiple myeloma (MM), characterized by abnormal proliferation of clonal plasma cells, 

is an incurable hematological malignancy. Various immunotherapy strategies have emerged as an 

efficacious approach for the treatment of MM, including monoclonal antibodies, antibody-drug 

conjugates, bispecific antibodies, and chimeric antigen receptor T (CAR-T) cells. Anti-B-cell 

maturation antigen (BCMA) CAR-T cells have revolutionized the treatment of MM patients with 

relapsed/refractory disease and their clinical use was approved for the treatment of these patients. 

Despite this progress, the efficacy of CAR-T cells in MM is limited by the responsiveness of only a 

part of the treated patients, the relapse of other patients, the cost of the treatment and the 

diminished response in patients with prior exposure to anti-BCMA targeting agents. Ongoing 

clinical trials are evaluating the use of CAR-T cells at an earlier stage of MM disease and the use 

of CAR-T cells targeting other membrane antigens expressed on malignant plasma cells. 
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Introduction. Chimeric antigen receptor T (CAR-T) 

therapy has emerged as a revolutionary therapy in cancer 

and particularly in relapsed/refractory hematological 

malignancies. In 1993, a pionieristic study by Eshaar and 

coworkers reported the generation of chimeric antigen 

receptors (CAR) that target unprocessed antigens 

expressed on the cell surface of tumor cells in an MHC 

unrestricted fashion.1 

The production of CAR-T cells suitable for 

therapeutic purposes required the development of an 

efficient technology for genetic modification of human T 

cells using viral vectors, such as lenti- or retro-virus 

based vectors, and the introduction of co-stimulatory 

signaling domains that, together with CD3 or CD3 

endodomains, promote full T-cell activation: 

intracellular domains of molecules such as CD28 or 4-

1BB in tandem with the CAR allowed the optimal 

transmission of signals producing sustained activation, 

proliferation, and effector function of CAR-T cells.2 

The overall process of preparation of CAR-T cell 

products (6-12 weeks) involves isolation of the starting 

cell population from the leukapheresis product, T-cell 

activation, genetic modification with the retrovirus or 

lentivirus vector, ex vivo expansion, final product 

formulation, and product release testing.3 

Six CAR-T cell products have been approved for the 

treatment of hematological malignancies: CD19-specific 

CAR-T cell products, Tisagenlecleucel (Tisa-Cel), 

Axicabtagene ciloleucel (Axi-Cel), Brexucabtagene 

autoleucel (Brexu-Cel) and Lisocabtagene maraleucel 

(Liso-Cel); BCMA-specific CAR-T cell products, 

Idecabtagene Vicleucel (Ide-Cel) and Ciltacabtagene 

autoleucel (Cil-Cel). The two cell products targeting 

BCMA have been approved for the treatment of patients 

with relapsed/refractory multiple myeloma (MM). 

MM is a disorder of the monoclonal plasma cells and 

is the second most common hematologic malignancy. 

Newer treatments have markedly improved the survival 
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of MM patients; however, MM remains an incurable 

disease, and most patients experience multiple relapses.4 

The outcome of patients who have relapsed after three or 

more lines of standard treatment or who are refractory to 

current treatments is poor. The therapeutic options 

available for these patients are limited. However, CAR-

T cell targeting membrane antigens highly expressed on 

the surface of malignant plasma cells is emerging as an 

effective therapeutic option of MM patients with R/R 

disease. The present review highlights recent studies 

involving the clinical evaluation of CAR-T cell products 

in the treatment of MM patients. 

 

B Cell Maturation Antigen (BCMA) Targeting with 

CAR-T Cells in Multiple Myeloma. BCMA, also 

known as tumor necrosis receptor superfamily member 

17 (TNFRSF 17) is a cell surface receptor of the TNFR 

superfamily which interacts with its ligand, B-cell 

activating factor (BAFF). This receptor is preferentially 

expressed in mature B lymphocytes and particularly in 

plasma cells (PCs); since its expression is rarely 

observed in other tissues, it represents a potentially 

important target for the treatment of patients with PC 

disorders. 

 

Idecabtagene violence (Ide-Cel) for treatment of 

multiple myeloma. Two main series of studies have been 

carried out in MM using Ide-Cel: CRB-401 study; 

KarMMa studies. (Table 1) The phase I CRB-401 study 

involved 62 R/R MM patients: the median follow-up was 

18.1 months and 11 of 62 patients displayed ongoing 

responses, while 61% of patients displayed progressive 

disease.5-6 The ORR was 75.8%, with 64.5% of patients 

achieving a very good partial response (VGPR) or better 

and 38.7% achieving a CR; response rate and depth 

increased with higher CAR-T cell dose.6 With a median 

follow-up of 18 months, the mPFS and mOS were 88 and 

34.2 months, respectively.6 The decrease of BCMA 

levels in serum correlates with response to therapy; 

greater CAR-T expansion was observed in peripheral 

and bone marrow compartments in responding patients 

compared to nonresponding patients; correlates of long-

term response included higher proportion of naïve and 

early memory CD4 T cells and a lower percentage of 

senescent CD3 and CD8 T cells in PBMC starting 

material for CAR-T cell generation.6  

The KarMMA-1 study enrolled a total of 140 

refractory MM patients: 73% of patients achieved a 

response (81% at the final target dose of 450x106 CAR-

T cells), with 35% of CR and 26% of MRD negativity; 

the median PFS was 8.8 months (12.2 months at the final 

target dose of 450x106 CAR-T cells), the median OS was 

19.4 months (24.8 months at the final target dose of 

450x106 CAR-T cells), and the median DOR was 10.7 

months (21.5 months for patients achieving a CR).7 

Based on these results, FDA approved Ide-Cel for the 

treatment of RR/MM patients who have received at least 

4 prior lines of therapy.7 

More recently, the phase III trial KarMMA-3 trial 

reported the results on 386 R/R MM patients who had 

received two to four regimens of previous treatments and 

who were refractory to the last treatment and who were 

randomly assigned in a 2:1 ratio to receive a treatment 

based either on Ide-Cel or one of five standard 

treatments.8 At a median follow-up of 18.6 months, 

consistent and significant differences were observed in 

the group of patients treated with Ide-Cel compared to 

standard treatment: mPFS 13.3 vs 4.4 months; ORR 71% 

vs 42%; CRR 39% vs 5%.8 

KarMMA-2 is a multicohort, phase II, multicenter 

trial evaluating the safety and the efficacy of Ide-Cel in 

MM patients with clinical high-risk newly diagnosed 

MM patients: cohorts 2a and 2b evaluated MM patients 

with early relapse after frontline autologous HSCT, 

while cohort 2c evaluated MM patients with inadequate 

response after frontline autologous HSCT. 37 patients 

were enrolled in the cohort 2a with an ORR of 83% (46% 

of CR), a 12-month MRD negativity in 70% of patients, 

a mPFS of 11.4 months and a mOS not reached, and a 

median DOR of 15.7 months.9 

In cohort 2c, 31 patients were enrolled, and with a 

median follow-up of 27.9 months, Ide-Cel induced deep 

and durable responses, with an ORR of 87%, with 74% 

CR, with a 24-month PFS of 83%.10 At a median follow-

up of 39.4 months, all treated patients were alive, with 

9.7% of patients having discontinued due to disease 

progression.10 The ORR was 87%, with 77% of complete 

responses; the mDOR, mPFS, and mOS were not 

reached.10 

The Myeloma CAR T Consortium reported the real-

world experience in the treatment of R/R MM patients 

with Ide-Cel; 159 patients were evaluated, 75% of whom 

were considered ineligible for participation in the 

KarMMa trial.11 Grade 3 CRS or neurotoxicity occurred 

in 3% and 6% of patients, respectively.11 ORR and CRR 

was 84% and 42%, respectively; at a median follow-up 

of 6.1 months, the mPFS was 8.5 months and the mOS 

was 12.5 months; patients with previous BCMA-targeted 

therapy and with high-risk cytogenetics had a shorter 

PFS and OS in response to Ide-Cel.11 

A retrospective analysis on 603 R/R MM patients 

infused with Ide-Cel reported an ORR of 71%, with 53 

VGPR and 27% of CR; 6-month PFS was 62% and OS 

82%.12 The presence of extramedullary disease and a 

CAR-T cell dose <400x106 cells was associated with a 

lower CR rate.12 Grade 3 CRS and neurotoxicity events 

were observed in 3% and 4% of cases, respectively.12 

Another real-world study confirmed these 

observations.13 

Pesvolsky et al. have retrospectively analyzed 74 

patients with high-risk features (HR-MM), including 

del(17p), t(4;14), t(14;16), 1q gain/amplification,  

http://www.mjhid.org/
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Table 1. Clinical studies in MM involving Ide-Cel. 

Agent (ref) Trial Phase Patients Design Outcomes 
Adverse 

events 

Anti-BCMA 

CAR-T cells, 

Ide-Cel5-6 

CRB-401 

NCT02658929 
I-II 

R/R MM at least 3 

prior lines of therapy 

n=62 

Lymphodepletion CT 

followed by 50, 150, 450 

or 800x106 BCMA-CAR-

T cells 

ORR: 75.8% 

CR: 38.7% 

mDoR: 10.3m 

mPFS: 8.8m 

mOS: 34.2m 

grade 3 CRS 

6.5% 

neurotoxicity 

1.6% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel7 

KarMMa-1 II 

R/R MM triple-class 

refractory 

n=128 

Lymphodepletion CT 

followed by 50, 150, 

450x106 BCMA-CAR-T 

cells 

ORR: 73% 

CR: 35% 

mPFS: 8.8m 

mOS: 19.4m 

mDoR: 10.7m 

MRD neg: 26% 

grade 3 CRS 

6% 

neurotoxicity 

3% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel8 

KarMMa-3 III 

R/R MM triple-class 

refractory 

n=386 

Patients were randomi- 

zed to receive Ide-Cel or 

standard treatment 

Ide-Cel vs Control 

PFS: 13.3 vs 4.4m 

ORR: 71 vs 42% 

CRR: 39 vs 5.5%  

grade 3 CRS 

5% 

neurotoxicity 

3% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel9 

KarMMa-2 

Cohort 2a 

NCT03361748 

I 

R/R MM triple-class 

refractory 

n=37 

Lymphodepletion CT 

followed by infusion of 

Ide-Cel (150-450x106  

CAR-T cells) 

ORR: 83.8% 

CR: 82.8% 

mPFS: 11.4m 

mOS: not reached 

mDoR: 15.7m 

grade 3 CRS 

2.7% 

neurotoxicity 

0% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel10 

KarMMa-2 

Cohort 2c 

NCT03361748 

I 

Newly diagnosed MM 

patients treated with 

induction regimen with 

a partial response 

n= 31 

Lymphodepletion CT 

followed by infusion of 

Ide-Cel (150-450x106  

CAR-T cells) 

ORR: 87.1, with 77.4% CR 

MRD neg: 64.3% 

mPFS: not reached 

mOS: not reached 

mRoR: not reached 

grade 3 CRS 

0% 

neurotoxicity 

0% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel11 

Real World 

Experience 
none 

R/R MM after 4 prior 

lines of therapy 

n= 159 

Lymphodepletion CT 

followed by infusion of 

Ide-Cel (150-450x106  

CAR-T cells) 

ORR: 84% 

CR: 42% 

PFS: 8.5m 

OS: 12.5m 

grade 3 CRS 

4% 

neurotoxicity 

5% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel12 

Real World 

Experience 
none 

R/R MM after 4-5 prior 

lines of therapy 

n= 603 

Lymphodepletion CT 

followed by infusion of 

Ide-Cel (150-450x106  

CAR-T cells) 

ORR: 71% 

CR: 27% 

VGPR: 53% 

At 6 months: 

PFS: 62% 

OS: 82% 

grade 3 CRS 

4% 

neurotoxicity 

5% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel13 

Real World 

Experience 
none 

R/R MM after 4-5 prior 

lines of therapy 

n= 164 

Lymphodepletion CT 

followed by infusion of 

Ide-Cel (150-450x106  

CAR-T cells) 

ORR: 82% 

CR: 38% 

VGPR: 23% 

PR: 24% 

mPFS: 11.6m 

OS (12m): 73% 

grade 3 CRS 

2% 

neurotoxicity 

2.5% 

Anti-BCMA 

CAR-T cells, 

Ide-Cel13 

Retrospective 

analysis 

I-II 

SOC 

R/R MM after 4-5 prior 

lines of therapy 

n= 74 

52 high-risk 

22 standard-risk 

Lymphodepletion CT 

followed by infusion of 

Ide-Cel (150-450x106  

CAR-T cells) 

At 6 months: 

PFS: HR (64%) SR (81%) 

OS: HR (80%) SR (90%) 

mPFS: HR(10.9m) 

SR(19.5m) 

At 12 months: 

MRD-neg: HR(50%) 

SR(100%) 

grade 3 CRS 

4% 

neurotoxicity 

4% 

extramedullary disease, plasma cell leukemia and R-ISS 

stage 3, treated in with Ide-Cel in a single cancer center.14 

For the HR-MM, the overall response rate was 85%, with 

51% achieving a CR; the 6-month PFS for the HR-MM 

group was 64%, compared to 81% for the standard-risk 

group (SR-MM); the 6-month OS was 80% for HR-MM 

group compared to 90% for SR-MM group.14 mPFS was 

10.9 months for HR-MM and 19.5 months for SR-MM.14 

Recent studies have explored biomarkers that could 

be associated with response to Ide-Cel-based therapy in 

KarMMa studies. Thus, Piasecki et al. have shown that 

in patients enrolled in the KarMMa-3 study, lower 

soluble BCMA levels were associated with higher ORR 

and higher CRR; furthermore, lower sBCMA levels were 

associated with lower-grade CRS and neurotoxicity 

events.15 

Increased expression of inflammatory biomarkers, 

such as fibrinogen, ferritin, and protein C reactive, are 

associated with inferior OS, even after adjusting for 

covariates.16 

 

Ciltacabtagene autoleucel (Cilta-Cel) in multiple 

myeloma. Cilta-Cel is CAR-T cell therapy based on a 

CAR encoding two anti-BCMA scFv antibodies. Several  

http://www.mjhid.org/
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Table 2. Clinical studies in MM involving Cilta-Cel. 

Agent (ref) Trial Phase Patients Design Outcomes Adverse events 

Anti-BCMA 

CAR-T cells, 

Cilta-Cel 

CARTITUDE-1 

NCT03548207 
I-II 

R/R MM at least 3 

prior lines of therapy 

n=97 

Lymphodepletion 

CT followed by 

0.75x106 BCMA-

CAR-T cells 

ORR: 97% 

CR: 82.5% 

mDoR: 33.9m 

mPFS: 34.9m 

mOS: not reached 

At 36 months 

PFS: 47.5% 

OS: 62.9% 

MRD-neg: 53% 

 

grade 3 CRS 4% 

neurotoxicity 9% 

Anti-BCMA 

CAR-T cells, 

Cilta-Cel27-29 

CARTITUDE-2 

NCT04133636 

Cohort A 

II 

MM patients with PD 

after 1.3 lines of 

therapy, lenalidomide 

refractory and no 

previous treatment with 

anti-BCMA 

n=20 

Lymphodepletion 

CT followed by 

0.75x106 BCMA-

CAR-T cells 

ORR. 95% 

sCR: 85% 

At 24-months 

PFS: 75% 

OS: 75% 

DoR: 73.3% 

At 12 months 

MRD-neg: 35% 

 

 

grade 3 CRS 10% 

neurotoxicity 5% 

Anti-BCMA 

CAR-T cells, 

Cilta-Cel27-29 

CARTITUDE-2 

NCT04133636 

Cohort B 

II 

MM patients with early 

relapse after initial 

therapy (ASCT) 

n=20 

Lymphodepletion 

CT followed by 

0.75x106 BCMA-

CAR-T cells 

ORR: 100% 

sCR: 73.7% 

At 24-months 

PFS: 73.3% 

OS: 84.2% 

DoR: 70.5% 

At 12 months 

MRD-neg: 36.8% 

grade 3 CRS 5% 

neurotoxicity 5% 

Anti-BCMA 

CAR-T cells, 

Cilta-Cel30 

CARTITUDE-2 

NCT04133636 

Cohort C 

II 

R/R MM patients after 

4 lines of therapy, 

including proteasome 

inhibitor, 

immunomodulatory 

drug, anti-CD38 and 

anti-BCMA 

n=20 

Lymphodepletion 

CT followed by 

0.75x106 BCMA-

CAR-T cells 

ORR: 60% 

sCR: 10% 

CR: 25% 

VGPR: 20% 

PR: 5% 

mDoR: 11.5m 

mPFS: 9.1m 

MDR-neg: 70% 

grade 3 CRS 0% 

neurotoxicity 15% 

Anti-BCMA 

CAR-T cells, 

Cilta-Cel31 

CARTITUDE-4 

NCT03361748 
II 

MM patients with 

lenalidomide-resistant 

disease were 

randomized to Cilta-

Cel (CC) or to standard 

therapy (ST) 

n= 419 

Lymphodepletion 

CT followed by 

0.75x106 BCMA-

CAR-T cells 

mPFS(CC): not-reached 

mPFS(ST): 11.8m 

ORR(CC): 84.6% 

ORR(ST): 67.3% 

CRR(CC): 73.1% 

CRR(ST): 21.8% 

MRD-neg (CC): 60% 

MRD-neg(ST): 15% 

grade 3 CRS 1% 

neurotoxicity 4.5% 

clinical studies defined as CARTITUDE have assessed 

the safety and efficacy of Cilta-Cel in MM patients 

(Table 2). 

 

CARTITUDE-1. The CARTITUDE, phase I/II study 

evaluated Cilta-Cel in R/R MM patients. A first report on 

these studies evaluated 97 R/R MM patients (29 in phase 

Ib and 68 in phase II) who received three or more 

previous lines of therapy and were treated with a single 

infusion of Cilta-Cel (recommended dose 0.75x106 

CAR-T cells/Kg).17-18 

The final results of CARTITUDE-1 study showed the 

following results: mDoR 33.9 months, mPFS 34.9 

months with 47.5% PFS at 36 months, mOS not reached, 

with 62.9% OS at 36 months, 53% of MRD negativity; 

six cases of secondary primary malignancy were 

reported; a total of 35 deaths occurred, mostly due to 

progressive disease and in only six cases related to Cilta-

Cel treatment.19 85% of patients in cohort A and 73.7% 

in cohort B displayed a stringent complete response with 

a median follow-up of 29.9 months for cohort A and 27.9 

months for cohort B.20 Importantly, 35 patients in cohort 

A and 36.8% in cohort B had maintained MRD 

negativity at 10-5.20 

Based on the results of this trial, Cilta-Cel was 

approved to treat R/R MM patients with at least three 

lines of prior therapy. 

Seven patients enrolled in the CARTITUDE-1 study 

received prior allo-HSCT; the ORR in these patients was 

85.7%, comparable to the rest of patients.21 Seventy-

eight patients who were enrolled in phase II of the 

CARTITUDE-1 study showed an improved quality of 

life.22 

Patients treated with Cilta-Cel demonstrate improved 

http://www.mjhid.org/
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efficacy compared to those enrolled in the LocoMMotion 

study and treated with immunomodulatory drugs and 

anti-CD38 antibodies.23 

Infused CAR-T cells expanded, reaching a median 

peak concentration in the blood between days 12-14 

post-infusion, and persisted in circulation for about 100 

days; high efficacy and mDoR were not apparently 

related to the level CAR-T cell expansion and persistence 

of CAR-T cells in circulation over time.24 A high CD8+ 

stem-like and a low CD4+ Treg-like phenotypes were 

associated with longer response to Cilta-Cel therapy. 

Interestingly, a high response rate was observed among 

patients with high-risk cytogenetics and high tumor 

burden.26 Finally, the presence of a systemic 

inflammatory response (ferritin, C-reactive protein, and 

pro-inflammatory cytokines) was correlated with shorter 

DoR.24 

 

CARTITUDE-2. The phase II CARTITUDE-2 study 

assesses Cilta-Cel in patients with MM in various 

clinical settings and evaluates the suitability of outpatient 

administration.  

The cohort A of the CARTITUDE-2 study enrolled 

MM patients with progressive disease after 1-3 prior 

lines of therapy, lenalidomide-refractory and with no 

previous exposure to BCMA-targeting agents.25 The 

results on the first 20 patients treated showed an ORR of 

95%, with a CRR of 82%; PFS at six months was 90%, 

and at 12 months, 75%.25 Of 13 patients evaluable for 

MRD status, 92% were MRD-negative.25 

In cohort B of the CARTITUDE-2 study, the safety 

and the efficacy of Cilta-Cel are being evaluated in MM 

patients with early relapse after initial therapy; these 

patients have early relapse after autologous HSCT.26 The 

results on 19 treated patients with a median follow-up of 

12.4 months showed an ORR of 100%, 90% CR, 93% 

MRD-negativity, mDoR not reached, the 12-month 

event-free survival rate of 88.9%, and PFS of 90%.26 A 

more extended follow-up of these two studies up to 27.9 

months confirmed and extended the results previously 

reported with a 24-month PFS of 75% and 73.3% in 

cohorts A and B, respectively, and with a 24-month OS 

of 75% and 84.2% in cohort A and B, respectively.27 

The cohort C of the CARTITUDE-2 trial enrolled 

MM patients who progressed despite prior treatments. 

The results on the first 20 patients enrolled, 80% 

refractory to prior anti-BCMA therapy, showed an ORR 

of 60%, an mDoR of 11.5 months, and a PFS of 9.1 

months.28 Seventy-five percent of patients evaluable for 

MRD status achieved an MRD-negative condition.28 

 

CARTITUDE-4. In the phase II, randomized, open-label, 

CARTITUDE-4 trial, 419 patients with lenalidomide-

refractory MM were randomized to receive Cilta-Cel or 

the physician’s choice of effective standard of care.29 At 

a median follow-up of 15.9 months, the mPFS was not 

reached in the Cilta-Cel group and was 11.8 months in 

the standard care group; PFS at 12 months was 75.9% in 

the Cilta-Cel group and 48.5% in the standard-care 

group; ORR was 84.6% in the Cilta-Cel group compared 

to 67.3% in the standard-care group, CRR 73.1% vs 

21.8% and MRD negativity 60.6% vs 15.6%, 

respectively.29 Grade 3-4 CRS and neurotoxicity events 

were observed in 1% and 4.5%, respectively, of Cilta-

Cel-treated patients.29 The analysis of the CAR-treated 

patients of this trial showed at 16 month an ORR of 

99.4%, with 86.4% of complete responses; 77% of 

patients achieved MRD negativity; mDoR was not 

reached, 12-month PFS was 89%.30 

The phase I/II LEGEND 2 study reported the long-

term effects of Cilta-Cel in 74 Chinese R/R MM patients; 

the 5-year PFS and OS rates were 21% and 49%, 

respectively; importantly, 16% of patients remained 

relapse-free, irrespective of baseline high-risk 

cytogenetic abnormalities.31 83.8% of patients suffered 

progressive disease; 61% of these patients could well 

respond to subsequent treatments.31 

Interestingly, the long-term results of 49 Chinese R/R 

MM patients treated with the anti-BCMA CAR-T cells 

HDS269B were recently reported, showing a mPFS and 

mOS of 9.5 months and 20.0 months, respectively; the 5-

year PFS and OS rates were 21% and 34%, 

respectively.32 Patients with a good performance score 

[Eastern Cooperative Oncology Groups (ECOG) scores 

0 to 2] had markedly longer survival, with mPFS of 12.0 

months and mOS of 41.8 months.32 

 

Indirect comparison of the efficacy of Ide-Cel versus 

Cilta-Cel. Martin and coworkers have made a matching-

adjusted comparison of efficacy outcomes for Cita-Cel 

in the CERTITUDE-1 trial versus Ide-Cel in the 

KarMMa-1 trial: Cilta-Cel was associated with 

statistically improved ORR, CRR, DoR, PFS, and OS 

compared with Ide-Cel.33 Cilta-Cel provides a clinical 

benefit over Ide-Cel across response outcomes and PFS 

for triple-class exposed R/R-MM patients treated with 2-

4 prior lines of therapy.34 

 

Mechanisms of resistance and relapse in BCMA-

targeted CAR-T cell therapy in multiple myeloma. 

Baseline pretreatment BCMA levels on malignant 

plasma cells are not associated with response to BCMA 

CAR-T cell therapy.35 Changes in BCMA expression 

over time may affect the effectiveness of CAR-T cell 

treatment. Following BCMA CAR-T cell infusion, 

BCMA expression decreased on residual MM cells (67% 

of patients), and in some of these patients, BCMA levels 

were restored at later time points.36 The mechanism 

through which CAR-T cell therapy reduces BCMA 

expression is related to the selection of cells with lower 

BCMA expression and the elimination of those with 

higher BCMA expression. 
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 Munshi et al., in the KarMMa-1 trial, observed that 

at baseline, 98% of the enrolled patients clearly 

expressed BCMA, with at least 50% BCMA-positive 

cells; at disease progression, 97% of patients displayed 

increased levels of soluble BCMA (sBCMA); loss of 

tumor BCMA expression was observed in 3 of 71 (4%) 

patients evaluated at progression.7 Interestingly, in one 

of these three patients showing loss of BCMA expression, 

biallelic BCMA gene deletion was observed.37 

Importantly, in this study, it was also reported 

heterozygous BCMA gene loss or monosomy 16 in 37 of 

168 patients with MM, including 28 of 33 patients with 

hyperdiploid MM, not previously treated with BCMA-

targeting therapies.37 A biallelic BCMA gene loss was 

observed also in another MM patient with hypoploidy 

relapsing 9 months after CAR-T cell therapy with Ide-

Cel.38 Truger et al. confirmed the frequent heterozygous 

deletions of the BCMA gene (4%) observed in MM 

patients, as well as heterozygous mutations of other 

immunotherapy-related genes, such as GPRC5D (15%), 

CD28 (10%), and SDC1 (5%).39 A homozygous BCMA 

gene deletion was observed in a heavily pretreated MM 

patient after immunotherapy with BCMCA targeting T 

cell-redirecting bispecific antibody.39 

A recent study based on the analysis of 2883 MM 

patients showed that monoallelic del 16p occurs in 

8.58% of patients and is responsible for BCMA 

heterozygous gene loss.40 High-risk deletion events, such 

as del 1p and del 17p, are frequently observed in patients 

with BCMA loss compared with those in other patients; 

however, high-risk CN gains were not significantly 

different between patients with and without 16p loss.40 

BCMA loss frequently co-occurs with other deletions, 

including TP53 and CDKN2C losses.40 BCMA reflects 

an increased genomic instability.40 

A study of whole genome sequencing confirmed the 

occurrence of biallelic BCMA gene deletion in some 

patients relapsing after BCMA-directed CAR-T cell 

therapy.39 Furthermore, in patients relapsing after 

therapy with bispecific T cell engagers targeting BCMA, 

missense mutations or in-frame deletions in the 

extracellular domain of BCMA interfering with the 

efficiency of anti-BCMA TCE therapies were 

observed.41 

Samur et al. have subdivided patients undergoing Ide-

Cell CAR-T cell therapy into three different groups: 

those with no response to therapy and then relapsing 

shortly (within 12 months) and those with a durable 

response to CAR-T cell therapy.42 Single-cell 

sequencing studies on plasma cells showed that non-

responders displayed upregulated expression of genes 

involved in oxidative phosphorylation and proteasome 

degradation and decreased expression of apoptosis-

related genes, as well as high expression of CD38, 

SLAMF7, Bcl-2, and FGFR3 genes; patients initially 

responding to therapy, at relapse exhibited an RNA 

expression profile comparable to that observed in non-

responders.42 Finally, in this study, a monoallelic BCMA 

loss was observed in 4% of pretreatment samples and 

12% in relapsed samples, with 6% of biallelic BCMA 

gene loss.42 

Many MM patients relapse after an initial response to 

BCMA-directed CAR-T cell therapy. A recent study 

analyzed the outcomes of 79 MM patients relapsing after 

BCMA-directed CAR-T cell therapy; these patients 

received a median of 2 treatment lines. The overall 

response rate to the first salvage treatment was 43.4%, 

with a mean PFS of 3.5 months; 44% of these patients 

received a T-cell engaging therapy (bispecific antibody 

or subsequent CAR-T) as salvage treatment, and their OS 

was not reached after a median follow-up of 21.3 

months.43 

Dual-targeting CAR-T cells (targeting BCMA and 

another antigen expressed on malignant plasma cells) 

may represent a strategy to overcome BCMA antigen 

loss in MM cells.44-45 

Fischer et al. recently reported a detailed longitudinal 

analysis of cellular dynamics correlating with response, 

resistance, and/or toxicity in 27 heavily pretreated R/R 

MM patients undergoing treatment with Ide-Cel (10 CR, 

6 VGPR/PR, and 11PD).46 Evaluation of CAR-T cell 

dynamics post-infusion showed that the peak of CD3+ 

CAR-T cells was observed two weeks post-infusion and 

then declined in the following weeks, with no detectable 

circulating CAR-T cells 100 days post-infusion; the 

longitudinal analysis of cellular dynamics showed a 

similar profile in patients exhibiting CR, VGPR and PR; 

the peak of CD3+ CAR-T cells was markedly lower in 

patients with PD compared to those with CR or PR.46 In 

MM patients with PD, the number of circulating CD3+ 

CAR-T cells always remained low post-infusion (days 7, 

14, and 30). The majority (at least 80%) of CD3+ CAR-

T cells are represented by CD8+ T lymphocytes.46 The 

absolute number of CD8+ T cells was significantly lower 

in non-responders than in responders; responders have 

significantly higher levels of CD8+ than CD4+ 

lymphocytes; non-responders have an increased 

proportion of Treg and PD1+ T lymphocytes.46 

 

Strategies to improve the efficacy of BCMA-directed 

CAR-T cell therapy. Target antigen density may limit the 

efficacy of BCMA-targeted CAR-T cell therapy in MM 

patients. Surface BCMA expression is modulated by -

secretase (GS). This protease mediates the cleavage of 

some proteins, including BCMA, resulting in the 

generation and release of soluble BCMA (sBCMA), 

corresponding to the extracellular domain of BCMA and 

part of the transmembrane region. G-secretase inhibitors 

can be used to increase membrane expression of BCMA 

on MM cells, thus improving their recognition by CAR-

T cells.47 In vitro and in vivo studies have shown that -

secretase inhibition increases the efficiency of BCMA-
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specific CAR-T cells in MM.47 

These observations have provided the rationale for a 

clinical trial investigating the safety and efficacy of a -

secretase inhibitor in association with BCMA CAR-T 

cells. In this phase I study, the -secretase inhibitor 

Crenicagestat was administered before and after CAR-T 

cell infusion to 18 R/R MM patients. The administration 

of this inhibitor prior to CAR-T cell infusion resulted in 

a 12-fold increase in BMCA expression in MM cells.48 

In this phase I study (NCT 03502577) fully human 

BCMA-targeting CAR-T cells were used. The ORR was 

89%, with 44% of CR; with a median follow-up of 20 

months, the PFS is 11 months.48 Frequent non-

hematological adverse events of grade 3 or more were 

represented by hypophosphatemia (78%), fatigue (61%), 

hypercalcemia (50%), and hypertension (39%); two 

deaths related to treatment were observed.49 

 

Fully human BCMA CAR-T. Fully human CAR-T cells 

targeting BCMA were based on a lentiviral vector 

encoding a fully human BCMA scFv. Green et al. 

reported the evaluation of fully human CAR-T cells 

obtained through transduction of CD4+: CD8+ T cells in 

a 1:1 ratio with a lentivirus encoding a fully human 

BCMA scFv.50 7 R/R MM patients with a median of 8 

prior treatments were treated with fully human BCMA-

targeted CAR-T cells: ORR was 100% and all patients 

were surviving after a median of 16 weeks; one patient 

relapsed at day +60.50 

Two studies have explored another fully human 

CAR-T product (CT103A) targeting BCMA in 18 R/R 

MM patients, reporting a 100% ORR; at 1 year, the PFS 

was 58% for all patients and 79% for patients without 

extramedullary disease.51 The median persistence of the 

CAR transgene in vivo was 307 days.51 Recently, a long-

term evaluation (median follow-up 41.47 months) on 

these patients was reported: the rate of PFS and OS at 2 

year was 50% and 72%; the patients with extramedullary 

disease had shorter survival than those without 

extramedullary disease (PFS 12 months vs 27.9 months, 

respectively; OS 28.5 months vs 41.9 months).52 At the 

latest time of follow-up, 50% of patients are still alive, 

and 39% remained in CR.52 Using these CAR-T cells, a 

phase I/II clinical trial (FUMANBA-1) was carried out, 

enrolling a total of 103 R/R MM who received a median 

of 4 lines of prior therapy; with a median follow-up 13.8 

months, the ORR was 96%, with 74% of CR; median 

DoR and median PFS were still not reached; the 12-

month PFS rate was 78.8%.53 For patients without prior 

BCMA CAR-T therapy, ORR was 99%, with 79% CR; 

for patients with prior BCMA CAR-T cell therapy, 4/5 

achieved a CR, maintained over 18 months post-

infusion.53 95% of treated patients achieved an MRD-

negative status and 82% maintained MRD negativity 

over 12 months.53 

Juno Therapeutics developed a CAR-T product 

(JCARH125, orvacabtagene autoleucel) comprised of 

autologous CD4+ and CD8+ cells transduced with a 

lentiviral vector encoding a BCMA-specific CAR.54 A 

phase I clinical study was carried out using BMS-986354, 

a next-generation CAR-T cell product containing the 

same fully human BCMA-targeted CAR construct as 

orva-cel and manufactured using the NEXT-T process 

allowing the generation of a less differentiated CAR-T 

cell product with improved potency and tumor control 

compared to orva-cel.55 55 patients have been treated 

with BMS-986354, with a very good safety profile.55 

After a follow-up of 4-9 months, the ORR was 98%, with 

57.4% of patients achieving a VGPR and 29.6% a CR.55 

Sperling et al. have evaluated the safety and efficacy 

of PHE885 fully human BCMA-targeted CAR-T cells 

manufactured using the T-ChargeTM platform, which 

takes <2 days to manufacture the final CAR-T cell 

product.56 A phase I study evaluated 15 R/R MM with at 

least two prior lines of therapy.56 In the dose-escalation 

phase, the patients were treated at fixed doses. 2 patients 

had grade 3 CRS. ORR was 93%, with 33% of CRs; 33% 

of patients were MRD-negative at 10-6.56 An updated 

report of phase I study showed the results obtained in the 

first 46 enrolled patients.57 11% of patients had grade 3 

CRS, and 7% had grade 3 neurologic events.56 For all-

treated patients, the ORR was 98%; for patients treated 

at the 10x106 cells, the ORR was 100%, and the CRR 

was 42%; 60% of these patients were MRD-negative.57 

The phase I trial LUMMICAR STUDY1 explored 

zevoircabtagene autoleucel (Zevor-Cel), a fully human 

autologous BCMA CAR-T, and showed in 14 R/R MM 

patients that Zevor-Cel is well tolerated, with an ORR of 

100%.58 In phase II, 102 R/R MM patients were treated 

with Zevor-Cel with an ORR of 92.8% and a 6-month 

PFS of 90%; 92% of patients with a CR achieved an 

MRD-negative status.58 The evaluation of patients 

reported in the phase I study with a median follow-up of 

37.7 months showed a PFS of 25 months and a mDoR of 

24 months.59  

 

Allogeneic BCMA-targeting CAR-T cells. Preclinical 

studies have shown that allogeneic anti-BCMA CAR-T 

cells generated from the T cells of healthy controls are 

superior to autologous anti-BCMA CAR-T cells derived 

from MM T cells.60 In fact, healthy donors showed 

increased T cell counts, higher CD4/CD8 ratio, and 

expanded naïve T lymphocyte population compared to 

patients with MM.60 Compared to healthy controls, 

patients with R/R MM have lower frequencies of CAR-

T cells, decreased control memory phenotype, and 

increased expression of inhibitory checkpoint markers.60 

CAR-T cells derived from healthy donors efficiently kill 

MM cells within the BM microenvironment of different 

MM genomic subgroups, and their cytotoxic activity can 

be improved with gamma-secretase inhibitors.60 

Lin et al. have described the design of inducible 
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chimeric cytokine receptors that mimic the signaling of 

the native receptors and whose activity can be controlled 

by pharmacological agents.61 Ligand-independent, 

constitutively active chimeric cytokine receptors (called 

turbodomains) can be introduced into the structure of a 

CAR, potentiating CAR-T cell function; using this 

approach, allogeneic anti-BCMA CAR-T cells, 

engineered to express a turbodomain mimicking IL-15, 

were generated and their use in MM was proposed.62 

ALLO-715 contains an integrated, self-inactivating, 

third-generation, recombinant lentiviral vector that 

expresses a second-generation anti-BCMA CAR 

containing a scFv derived from a human anti-BCMA 

antibody and intracellular domains of 4-1BB and CD3; 

the extracellular domain of the BCMA CAR also 

contains two mimitope conferring susceptibility to anti-

CD20 antibody; furthermore, two additional changes 

were introduced through gene editing using nuclease 

TALEN technology: knockout of T-cell receptor alpha 

constant and knockout of CD52 (to reduce the risk of 

GvHD and to protect CAR-T cell destruction through via 

host-versus graft reaction).61 Escalating doses of ALLO-

715 after lymphodepletion with an anti-CD52 antibody-

containing regimen was evaluated in 43 patients with 

relapsed/refractory MM as part A of the phase I 

UNIVERSAL trial.61 The ORR was 55%; in patients 

treated at 320x106 CAR-T cells, the ORR was 70%, with 

45.8% of VGPR and 25% of CR; the mDoR was 8.3 

months.63 

P-BCMA-ALLO1 CAR-T cells are manufactured 

from healthy donor T-cells using non-viral transposon-

based integration (piggyBac DNA delivery system), 

introducing an anti-human BCMA VH-based CAR and 

an iCas 9 safety-switch gene-editing system to eliminate 

endogenous TCR expression via knockout of the TCR 

beta chain 1 gene and the beta 2 microglobulin gene (to 

improve the immunological tolerance of allogenic CAR-

T cells).64 Using these CAR-T cells, phase I is ongoing 

in R/R MM patients; an ORR of 82% was observed in 

the first two arms of patients (P1 and P2); in the P2 arm, 

40% of patients achieved a CR; the treatment was well 

tolerated with no GvHD at any dose; analysis of P-

BCMA-ALLO1 cellular kinetics in two patients showed 

a CAR-T persistence up to 6 weeks.64 

 

GPRCD5 targeting using CAR-T cells. The orphan G 

protein-coupled receptor, class C, group member D 

(GPRC5D) is normally expressed only in the hair follicle. 

However, this membrane receptor is expressed on 

CD138+ MM cells from primary bone marrow samples, 

with a distribution independent of BCMA.65 GPRC5D-

specific CAR-T cells showed potent anti-MM activity in 

preclinical xenograft models.65 

In a phase II clinical study, Xia and coworkers 

evaluated 33 R/R MM patients the safety and the efficacy 

of anti-GPRC5D CAR-T cells; at a median follow-up of 

5.2 months, the ORR was 91%, including 33% of CR; 

VGPR or PR were observed in 100% of patients with 

previous anti-BCMA treatment.66 The safety profile was 

favorable, with no grade 3 CRS and 1 event of grade 3 

neurotoxicity.66 

Zhang et al. have developed and clinically evaluated 

autologous GPRC5D-directed CAR-T cells (OriCAR-

017) containing an Ori element to improve CAR-T 

expansion and durability.65 In a phase I study 9 R/R MM 

patients received a single infusion of OriCAR-017 (3 at 

1x106/Kg; 3 at 3x106/Kg; 3 at 6x106/Kg); ORR was 

100%, with 60% of CR and 40% of VGPR; no grade 3 

CRS or neurotoxicity were observed.67 

Mailankody and coworkers reported the development 

of autologous MCARH109 T-cell therapy anti-

GPRC5D.66 These CAR-T cells were evaluated in a 

phase I study involving the enrollment of 17 patients 

with R/R MM; MCARH109 was administered at various 

doses and the maximum tolerated dose was 150x106 

cells; 81% of ORR was observed in the entire cohort and 

in 58% of patients receiving doses from 25x106 to 

150x106 cells; major toxicity events were observed in 

patients treated at the highest dose of 450x106 cells.68 

Bal et al. initially reported the results of a BMS-

986393 (CC-95266) trial phase I GPRC5D-targeted 

CAR-T cell therapy in 14 patients with R/R MM; in this 

heavily pretreated population, the initial ORR was 86%, 

including 4/6 patients treated previously with anti-

BCMA-targeted therapies.69 An updated report of this 

study showed the results observed in 70 R/R MM 

patients treated with different doses of BMS-986393 

from 25x106 cells to 450x106 cells; the overall response 

rate was 85.9%, with 37.5% of CR (this high rate of 

responses was observed both at low, intermediate and 

high CAR-T cell doses); in patients, refractory to prior 

BCMA therapies, ORR was 85%, and CR was 46%; 

patients with CR resulted to be MRD-negative; safety 

profile was good for patients treated from 25x106 to 

150x106 CAR-T cells and toxicity events were mostly 

observed in patients treated with 300x106 or 450x106 

CAR-T cells.70 

A recent study reported the first evaluation of anti-

GPRC5D/BCMA bispecific CAR-T cells in 21 R/R MM 

patients at four dose levels (0.5, 1, 2, and 4x106 cells/kg); 

MTD was reached at the 2x106 dose level; ORR was 86%, 

with 62% of CR and 81% of patients achieving MRD-

negativity.71 The rate of response appeared encouraging, 

but the follow-up was limited to 5-8 months.  

 

CAR-T-mediated CD19 targeting in MM patients. CD19 

is typically absent in the dominant MM cell population 

but may be present in minor cell subsets with unique 

stem cell properties (myeloma propagating cells) (Table 

3). 

Garfall et al. evaluated autologous CD19 CAR-T 

cells (CTL-109) in 10 R/R MM patients; the patients  
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Table 3. Clinical studies in MM involving anti-CD19 CAR-T alone or in combination with anti-BCMA CAR-T. 

Agent (ref) Trial Phase Patients Design Outcomes Adverse events 

Anti-CD19 CAR-

T cells69 

CTL109 

NCT02135406 
I 

R/R MM at least 2 prior lines 

of therapy 

n=10 

ASCT followed by 

50x106  CAR-T cells/kg 
ORR: 80% 

grade 3 CRS 0% 

neurotoxicity 0% 

Anti-CD19 CAR-

T and anti-BCMA 

CAR-T70 

ChiCTR-OIC- 

17011272 
II 

R/R MM at least 5 prior lines 

of therapy 

n=22 

Lymphodepletion CT 

followed by 1x106 CD9-

CAR-T cells and 1x106 

BCMA-CAR-T cells. 

ORR: 95% 

sCR: 43%; CR: 

14% 

 

grade 3 CRS 5% 

neurotoxicity 0% 

Anti-CD19 CAR-

T and anti-BCMA 

CAR-T70 

ChiCTR-OIC- 

17011272 
II 

R/R MM at least 5 prior lines 

of therapy 

n=62 

Lymphodepletion CT 

followed by 1x106 CD9-

CAR-T cells and 1x106 

BCMA-CAR-T cells. 

RR: 92% 

CR. 60% 

MRD neg: 77%  

PFS: 18.3 

months 

DoR: 20.3 

months 

mOS: not 

reached 

grade 3 CRS 10% 

neurotoxicity 0% 

Dual targeting 

CD19 and BCMA 

CAR-T71 

GC012F 

NCT0423&011 

NCT04182581 

I 

R/R MM at least 5 prior lines 

of therapy 

n=29 

Lymphodepletion CT 

followed by infusion of 

GC012F (1, 2, or 3x105 

CAR-T cells/kg) 

ORR: 93% 

sCR: 82.8% 

MRD 

negativity: 

100% 

grade 3 CRS 6.9% 

neurotoxicity 0% 

Dual targeting 

CD19 and BCMA 

CAR-T72 

GC012F 

NCT04935580 
I 

Transplant-eligible newly 

diagnosed MM patients 

treated with 2 cycles of 

induction chemotherapy. 

n= 22 

Lymphodepletion CT 

followed by infusion of 

GC012F (1, 2, or 3x105 

CAR-T cells/kg) 

ORR: 100, with 

95.5% sCR 

MRD neg: 

100% 

grade 3 CRS 0% 

neurotoxicity 0% 

received CTL109 following salvage high-dose 

melphalan and ASCT.72 This treatment was safe and 

feasible, with most toxicities attributable to ASCT and 

no to severe CRS.72 Two of the ten treated patients 

displayed significantly longer PFS after ASCT+CT109 

compared with prior ASCT (479 vs. 181 days; 249 vs. 

127 days).72 

Yan et al. reported the study of 21 R/R MM patients 

undergoing treatment with humanized anti-CD19 and 

anti-BCMA CAR-T cells; 95% of patients had a 

response to treatment: 43% stringent CR (sCR), 14% CR, 

24% VGPR, and 14% PR.73 90% of the patients had CRS, 

and in 4% was of grade 3.73 Wang et al. reported the 

extension and the long-term analysis of this study 

involving 62 R/R MM patients with a median follow-up 

of 21.3 months; the ORR was 92%, with 60% of CR and 

77% of MRD negativity; mDoR was 20.3 months, mPFS 

was 18.3 months and mOS was not reached.74 

Du et al. reported the results of two different clinical 

studies involving the use of GC012F, a BCMA, and 

CD19 dual-targeting CAR-T cells developed in the novel 

FasTCAR-T platform, enabling manufacturing of CAR-

T cells within 22-36 hours. A first phase I study was 

carried out in 29 R/R MM patients (90% high-risk, 27% 

with extramedullary disease, and 34% pretreated with 

anti-BCMA agents) and reported an ORR of 93%, with 

83% of stringent CR; mDoR was 37 months and mPFS 

was 38 months.76 Grade 3 CRS was observed in 6.9% of 

cases.75 The second study was carried out in 22 high-risk 

MM patients treated in first-line with GC012F (either at 

1x105 cells/kg or 2x105 cells/kg or 3x105 cells/kg); with 

a median follow-up of 13.6 months, ORR was 100%, 

with 12-month PFS, OPS, and DoR not reached and with 

100% of patients achieving a MRD-negative status.76 

None of the treated patients developed grade 3 or more 

CRS or neurotoxicity events.76  

Another study carried out in 50 Chinese R/R MM 

patients confirmed a high ORR (92%) following 

treatment with bispecific BCMA/CD19 (BC19) CAR-T 

cells; mPFS and mOS were 19.7 months.77  

Garfall and coworkers have carried out a phase I 

clinical trial in which anti-BCMA and anti-CD19 CAR-

T cells were administered to MM patients with low 

tumor burden, including patients with >2 prior lines of 

therapy who responded to the third or later line of therapy 

and patients with high-risk disease responding to first-

line therapy.78 Among 15 patients with measurable 

disease, 10 exhibited PR or better; among 26 subjects 

responding to prior therapy, 9 improved their response 

category, and 4 converted to MRD-negativity/sCR.78 

 

CAR-T-mediated SLAMF7 (CS1) targeting in MM 

patients. SLAMF7 (also known as CS1 or CD319), a 

member of the signaling lymphocyte activation molecule 

family of receptors is highly expressed in malignant 

plasma cells and represents a potential target for 

immunotherapy. Several groups of investigators have 

developed anti-SLMF47 CAR-T cells and tested them in 

preclinical models, reporting an efficient killing of 

malignant plasma cells. 

Clinical trials are now evaluating anti-SLAMF7 

CAR-T cells in MM patients. In this context, a recent 
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study reported the first results of a phase I clinical study 

reporting the evaluation of the bispecific CS1-BCMA 

autologous CAR-T cells in 16 R/R MM patients: 13 

patients with BM disease responded to treatment, while 

3 patients with extramedullary disease were refractory; 

among the 13 responding patients, 6 achieved a CR, 3 a 

very good partial response and a partial response; 1 year 

PFS and OS were 72.7% and 56.5%, respectively.79  

A recent study reported the evaluation of allogeneic 

anti-SLAMF7 CAR-T cells (UCARTCS1) in mouse 

xenograft models, which displayed both in vitro and in 

vivo activity.80 UCARTCS1 cells also exerted some 

cytolytic activity against normal immune cells 

expressing SLAMF7 but to a lower extent compared to 

MM cells.80 These observations warrant UCARTCS1 

cell evaluation in patients with advanced MM. 

 

Conclusions. CAR-T cells, as well as other T-cell 

therapies, were developed to address the need for more 

effective therapies for the treatment of MM patients who 

have been heavily pretreated.  

Outcomes after CAR-T cell therapy are affected by 

both factors intrinsic to CAR-T cells, such as the type of 

CAR-T cell product or endogenous T cells, and extrinsic 

to CAR-T cells, such as the genetic features of MM cells, 

the tumor microenvironment, and host characteristics. 

Anti-BCMA CAR-T cell therapies currently 

approved by the FDA and EMA have consistently 

improved the clinical outcomes of heavily pretreated R/R 

MM patients. However, despite this consistent progress, 

MM remains an incurable disease.  

Although MM patients with high-risk diseases, 

including ISS stage III, high-risk cytogenetic 

abnormalities, or extramedullary disease, display a poor 

response to standard treatments, their outcome was 

improved by CAR-T cell-based treatments.  

Despite these significant improvements in the 

response of R/R MM patients, outcomes for these 

patients following CAR-T cell therapy remain highly 

variable, with some patients exhibiting either no 

response or only brief responses and with other patients 

with long-term PFS following treatment. Before the start 

of treatment, there are no clear criteria to predict the 

response to CAR-T cell therapy. A deeper understanding 

of the mechanisms underlying durable remission after 

CAR-T cell therapy is needed. 

A significant proportion of MM patients relapse after 

CAR-T cell treatment, and there is a need to define 

optimal salvage therapeutic strategies for these patients. 

The use of CAR-T cells targeting membrane antigens 

different from BCMA and expressed on the membrane 

of MM cells, such as GPRCD, may represent a 

potentially important strategy for the improvement of the 

efficacy of BMCA CAR-T cell therapy or for the 

treatment of patients relapsing after BCMA CAR-T cell 

therapy. 

It is interesting to note that BCMA loss is lower after 

CAR-T cell therapy than after therapy with bispecific 

anti-BCMA antibodies (BsAbs), suggesting that the 

efficacy of BsAbs is most likely retained if CAR-T cell 

therapy is used before treatment with BsAbs. 

Some studies (KarMMa-3 and CARTITUDE-4) have 

explored the therapeutic efficacy of BCMA-CAR-T cells 

in earlier lines of therapy and have provided evidence in 

favor of a superiority of CAR-T cell therapies compared 

to standard treatments in this patient population. 

Additional future clinical trials will be required to define 

the role of CAR-T cell therapy in early treatment settings.  

A deeper understanding of the molecular mechanisms 

responsible for CAR-T cell resistance has provided the 

support for ongoing and for future clinical studies based 

on CAR-T cells. 

Another area of development of future clinical studies 

will consist in the identification of other membrane 

targets of CAR-T cells with the aims of consolidating the 

therapeutic effects elicited by BCMA CAR-T cells or of 

providing a therapeutic opportunity for patients relapsing 

after BCMA CAR-T cell therapy. 

An important area of investigation is represented by 

the exploration of a possible benefit induced by CAR-T 

cell therapy after ASCT. A recent retrospective analysis 

suggested that CAR-T cell therapy after ASCT improved 

outcomes compared with salvage ASCT alone in 

relapsed MM patients.81 Furthermore, a single-arm 

exploratory clinical trial of sequential anti-CD19 and 

anti-BCMA CAR-T cell infusion after ASCT in 10 high-

risk newly diagnosed MM patients supported the safety 

and the possible efficacy of this approach.82 Finally, a 

few R/R MM patients treated with Celta-Cel after 

allogeneic SCT showed a safety profile consistent with 

patients without allo HSCT as prior therapy.19 The good 

safety profile and the clinical benefits observed in these 

preliminary clinical observations warrant ongoing 

randomized controlled clinical trials. 
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