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     Cellular ther apy for mul ti ple mye loma: what ’ s 
now and what ’ s next 
     Paula   Rodriguez - Otero  and  Jes ú s F.   San - Miguel  
 Cl í nica Universidad de Navarra, Centro de Investigaci ó n M é dica Aplicada, Instituto de Investigaci ó n Sanitaria de Navarra, Centro de Investigaci ó n 
Biom é dica en Red C á ncer, Pamplona, Spain 

   Despite sig nifi   cant improve ment in the treat ment of mul ti ple mye loma (MM), a cure remains elu sive, and patients fail-
ing proteasome inhib i tors, immu no mod u la tory drugs, and anti - CD38 mono clo nal antibodies remain a chal lenge due to 
a lack of stan dard of care treat ment and a dis mal sur vival rate. The devel op ment of T - cell redirecting ther a pies, includ-
ing bispecifi c T - cell engagers and chi me ric anti gen recep tor (CAR) T cells, have transformed the out come of tri ple - class 
exposed relapsed and refrac tory MM (RRMM). B - cell mat u ra tion anti gen (BCMA) has proven to be an impor tant tar get 
in MM, and BCMA - directed CAR T cells have shown unprec e dented effi  cacy with a prolonged dura tion of response in a 
pop u la tion with advanced RRMM, lead ing to the approval of 2 dif fer ent BCMA CAR T - cell prod ucts. Still, and in con trast 
to prior expe ri ence in the fi eld of CD19 - directed CARs, no pla teau has been seen in the sur vival curves, and relapses 
con tinue to occur. Therefore, fur ther improve ment is needed. Early use in the course of the dis ease as well as of next - 
gen er a tion CARs may fur ther aug ment the effi  cacy of these ther a pies. In this review we address cur rent state - of - the - art 
approved BCMA - directed CAR T - cell ther apy in RRMM, as well as poten tial future devel op ments focused on opti miz ing 
patient care and novel CAR designs.  

   LEARNING OBJEC TIVES 
    •  Summarize the cur rent evi dence regard ing BCMA - directed CAR T cells for RRMM, focus ing on approved 

con structs 
   •  Discuss poten tial lim i ta tions of cur rent CAR T - cell ther apy in mye loma 
   •  Describe poten tial strat e gies for improv ing cur rent results, with a focus on the clin i cal per spec tive  

  CLINICAL CASE 
  A 56 - year - old male was diag nosed in Sep tem ber 2019 with 
immu no glob u lin A lambda mul ti ple mye loma (MM). At diag-
no sis he presented with dif fuse osteolytic lesions and a 
revised International Staging System (R - ISS) 3 sta tus (high 
lac tose dehy dro ge nase  +  t(4;14)). He received front line 
treat ment with daratumumab in com bi na tion with bortezo-
mib, lenalidomide, and dexa meth a sone (D - VRD) in the con-
text of a ran dom ized clin i cal trial. He com pleted 4 planned 
induc tion cycles followed by autol o gous stem cell trans-
plant and 2 addi tional con sol i da tion cycles. He achieved a 
very good par tial response after con sol i da tion and started 
main te nance treat ment with daratumumab plus lenalid-
omide in June 2020. Unfortunately, 1 month later he pro-
gressed with the pres ence of a lum bar plasmacytoma. As 
of this moment, he has been trans ferred to our depart ment 
to be con sid ered for a B - cell mat u ra tion anti gen (BCMA) 

chi me ric anti gen recep tor (CAR) T - cell clin i cal trial enroll ing 
patients with early relapse after front line treat ment.  

 Introduction 
 The treat ment land scape of MM has sig nifi   cantly evolved 
in recent years, lead ing to unprec e dented sur vival rates. 1

Nevertheless, this improve ment has not been uni form, 
and there are still patient pop u la tions with high - risk fea-
tures who have not benefi ted enough from recently 
approved com bi na tions and require inno va tive strat e gies 
to over come their dis mal prog no sis. These pop u la tions are, 
among oth ers, patients with extramedullary dis ease, a high 
num ber of cir cu lat ing plasma cells, high - risk cyto ge netic 
abnor mal i ties (Cas), par tic u larly dou ble - hit mye loma, and 
patients who relapse early after opti mized front line ther-
apy. 2 - 4  Regarding the lat ter, patients with R - ISS 3 sta tus at 
diag no sis who fail to achieve unde tect able min i mal resid ual 
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dis ease (MRD) after front line treat ment are at a high risk of an 
early relapse with a median pro gres sion-free sur vival (PFS) of 
only 14 months and a median over all sur vival (OS) of fewer than 
2 years.5 In addi tion, patients who have failed proteasome inhib-
i tors, immu no mod u la tory drugs, and anti-CD38 mono clo nal anti-
bodies have very poor out comes and lim ited treat ment options.6 
Therefore, we need new treat ments with novel mech a nisms of 
action  able to res cue dif fi cult-to-treat pop u la tions and improve 
patient sur vival.

BCMA CAR T cells approved: what is now
In this sce nario CAR T-cell ther apy has shown unprec e dented 
response rates in heavily pretreated patients, lead ing to the 
approval of 2 BCMA-directed CAR T-cell prod ucts (ABECMA™ 
and CARVIKTY™) for the treat ment of tri ple-class exposed 
relapsed/refrac tory (RR) MM who have received at least 4 
prior lines of treat ment. In this review we dis cuss the cur rent 
state-of-the-art of approved CAR T-cell ther apy in RRMM and 
future devel op ments, with a focus on the clin i cal per spec tive  
(Figure 1).

Idecabtagene vicleucel (ide-cel, bb2121, ABECMA™) was the 
first cel lu lar ther apy approved for the treat ment of RRMM. Ide-cel 

is a sec ond-gen er a tion CAR with a 4-1BB costimulatory domain 
approved for the treat ment of RRMM based on the data of the 
phase 2 sin gle-arm piv otal KarMMa trial.7 Overall, 128 patients were 
infused with 2 dif fer ent doses of ide-cel 150, 300, and 450 × 106 
CAR T+ cells. The median num ber of prior lines was 6 (3-18), and 
84% of patients were tri ple-class refrac tory. All patients received 
stan dard lymphodepleting che mo ther apy with fludarabine and 
cyclo phos pha mide. The over all response rate (ORR) was 73% 
among all  treated patients and 81% in those receiv ing the high-
er-dose level (450 × 106), with 33% and 39% of com plete responses 
(CR), respec tively. Responses were rapid, with a median time 
to first response of 1.0 month (range, 0.5-8.8 months). Median 
PFS was 8.8 months in the over all pop u la tion and was lon ger in 
patients receiv ing the tar get dose (median PFS, 12.1 months) and 
in those achiev ing CR or bet ter (median PFS, 20.2 months; 95% 
CI, 12.3-NE [not evaluable]). Median OS was 24.8 months (95% CI, 
19.9-31.2). Safety over all was man age able, with cyto kine release 
syn drome (CRS) reported in 84% of patients across the 3 doses 
and 96% at the tar get dose. The major ity of events were grade 
1 or 2 with a CRS grade higher than or equal to 3 in fewer than 
6% of patients, with a median time to onset of 1 day (range, 1-12). 
Neurological com pli ca tions were less com mon, were reported in 

Figure 1. Several strategies are being evaluated to improve the current clinical efficacy of CAR T-cell therapy in the context of 
RRMM. These strategies can be divided into patient-related factors, aspects related to the manufacturing process and CAR design, 
patient management during bridging time and infusion, and finally, understanding the mechanisms of resistance and CAR failure. 
CCR, chimeric costimulatory receptor; EMD, extramedullary disease; HR-CA, high-risk cytogenetic abnormalities.
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18% of patients, and were mostly grade 1 to 2. On the other hand, 
cytopenias were fre quent and not dose related, with a median 
time to recov ery from grade 3 or higher neutropenia and throm-
bo cy to pe nia of 2 and 3 months, respec tively (Table 1).7

Ciltacabtagene autoleucel (cilta-cel; for mer LCAR-B38M, 
CARVIKTY™), another sec ond-gen er a tion CAR T cell containing 
2 BCMA-bind ing domains, was inves ti gated in the CARTITUDE-1 
study (and pre vi ously eval u ated in the LEGEND-2 phase 1 study). 
Overall, 97 patients were infused with a median num ber of 6 prior 
lines and 87.6% were tri ple class refractory. The ORR was 97.9% 
with 82.5% of patients achiev ing a strin gent CR (sCR). With a 
median fol low-up of 2 years, out stand ing sur vival rates have been 
reported, with a 2-year PFS of 60.5% (95% CI, 48.5-70.4) and 71.0% 

(95% CI, 57.6-80.9) in sCR patients. Two-year OS was 71.0% (95% CI, 
57.6-80.9). Regarding safety, cytopenias and CRS were the most 
fre quent treat ment-related adverse events reported. Any grade 
of neutropenia was pres ent in 96% of patients, with 95% hav ing  
grade 3 or higher. The inci dence of CRS was 95%, mostly grade 
1 to 2, with a median time to onset of 7 days (range, 1-12). Neuro-
logical events were reported in 20 patients. Among these, 16 pre-
sented immune-effec tor cell–asso ci ated neu ro tox ic ity syn drome 
(ICANS), and 12 patients presented with other neurotoxicities. Of 
these, 5 expe ri enced a move ment and neurocognitive dis or der 
with a median time to onset of 27.0 days (IQR 16.0-73.0) (Table 1).8

Other BCMA-directed CARs are under devel op ment, and the 
sta tus of those stud ies are sum ma rized in Table 2.

Table 1. Safety and effi cacy data of the 2 FDA- and EMA-approved CARs

Idecabtagene vicleucel KarMMa trial1-3 Ciltacabtagene autoleucel CARTITUDE 1 trial

Number of patients infused, n 128 (140 apheresed) 97 (120 apheresed)

Phase 2 1b/2

Target/costimulation BCMA/4-1BB BCMA/4-1BB
*2 BCMA-targeting heavy-chain anti body

scFv Chimeric mouse Chimeric llama

Specificity Autologous Autologous

Follow-up, median (range) 13.3 mo (0.2-21.2) 21.7 mo (not reported)

Prior lines, median (range) 6 (3 to 16) 6 (3-18)

Triple-class refrac tory, n (%) 108 (84) 85 (87.6)

Penta-exposed, n (%) 77 (60) 81 (83.5)

Bridging ther apy, n (%) 112 (88) 73 (75)

Response to bridg ing ther apy, n (%) 5/112 (4) 33/73 (45)

EMD, n (%) 50 (39) 13 (13)

CAR T-cell dose 150, 300, 450 × 106 CAR + T 0.75 × 106 CAR T+/kg

LD che mo ther apy Fludarabine 30 mg/m2 × 3 d
Cyclo 300 mg/m2 × 3 d

Fludarabine 30 mg/m2 × 3 d
Cyclo 300 mg/m2 × 3 d

ORR, n (%) 94 (73)
At 450 × 106 (n = 54): 44 (81%)

95 (97.9)

CR or sCR, n (%) 42 (33)
At 450 × 106 (n = 54): 21 (39)

82.5% (sCR)

Time to first response, median (range) 1.0 mo (0.5-8.8) 1.0 mo (IQR 0.9-1.0)

MRD in CR, n (%) 33/42 MRD neg (10−5) 61 evaluable
92% MRD neg a tive (10−5)

DOR, median (95% CI) 10.7 mo (9.0-11.3) Not reported

PFS, median (95% CI) 8.8 mo (5.6-11.6)
At 450 × 106: 12.1 mo (8.8-12.3)

NR (16.8-NE)
2-y PFS: 60.5% (48.5-70.4)

PFS in high-risk, median (95% CI) PFS at 2y, % (95% CI)

 ISS 3/R-ISS 3 4.9 mo (1.8-8.2)a NE (NE-NE)

 High-risk CA 8.2 mo (4.8-11.9) 48.4% (25.1-68.4)

 Plasmacytomas 7.9 mo (5.1-10.9) 47.4% (24.4-67.3)

OS, median (95% CI) 24.8 mo (19.9-31.2) NR (27.2-NE)

CRS, n (%)

 Overall 107 (84) 92 (95)

 Grade 3–4 7 (5) 4 (4)

Time to CRS onset, median (range) 1 d (1-12) 7 d (5-8)

Duration of CRS, median (range) 5 d (1-63) 4 d (3-6)
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What is next and how to improve cur rent results
Despite the impres sive clin i cal results obtained thus far and 
given the short fol low-up in some stud ies, no pla teau has yet 
been seen in the sur vival curves, and relapses con tinue to occur. 
Therefore, fur ther improve ment is needed, and sev eral points 
remain to be discussed.

Improving patient selec tion
Patient selec tion is a crit i cal aspect of CAR T-cell ther apy. 
Indeed, it is of par tic u lar rel e vance if we con sider the pres ent 
and future avail abil ity of other off-the-shelf BCMA-directed ther-
a pies. Although high and deep responses are achieved with 
both approved ther a pies, out comes in selected high-risk pop-
u la tions remain infe rior com pared to stan dard-risk patients. In 
the KarMMa trial, patients with extramedullary dis ease, high-risk 
CAs, and R-ISS 3 showed lower CR rates and shorter PFS com-
pared to patients with out high-risk dis ease (Table 1).9,10 Likewise, 
in the CARTITUDE-1 trial, patients with high-risk CAs, ISS 3, and 
the pres ence of plasmacytomas showed a lower PFS at 2 years 
com pared to the inten tion-to-treat pop u la tion, suggesting that 
fur ther improve ment is needed to abro gate the adverse out-
come of patients with high-risk fea tures even in the con text of 
potent ther a pies such as CAR T cell (Table 1).11

On top of this, data from the dif fer ent stud ies sug gest that 
the achieve ment of deep responses (CR or MRD neg a tiv ity) is 
of utmost impor tance in the con text of “one-shot” CAR T-cell 
ther apy and is asso ci ated with prolonged dura tion of response 
(DoR) and PFS.8,9 Therefore, under stand ing the patient char ac-
ter is tics asso ci ated with a higher like li hood of achiev ing CR is of 
great impor tance. A recent anal y sis of the KarMMa trial showed 
that the pres ence of high tumor bur den (sol u ble BCMA) and 
high inflam ma tion (D-dimer, fer ri tin) along with the mye loma 
sub type (immu no glob u lin G heavy chain) had a neg a tive asso-

ci a tion with CR/sCR achieve ment, whereas a high vec tor copy 
num ber in the drug prod uct showed a pos i tive cor re la tion with 
the CR/sCR rate.12 These fac tors sug gest that opti mal and timely 
patient selec tion may be rel e vant for CAR T-cell out comes since 
it is not an off-the-shelf ther apy, and rap idly pro gres sive patients 
with high-risk fea tures or lim ited bridg ing options may be dif fi-
cult to man age given the manufactur ing time. In fact, between 
10% and 20% of the patients who under went apher e sis in the 
dif fer ent tri als did not reach infu sion due to com pli ca tions dur-
ing the manufactur ing time or dis ease pro gres sion.

In this regard, ade quate selec tion of bridg ing ther apy is of 
utmost impor tance to main tain the patient’s con di tion dur-
ing manufactur ing. Whenever pos si ble, agents to which the 
patient has not been pre vi ously exposed should be pri or i tized. 
In this sense, and although the data are lim ited, BCMA-tar-
geted agents are prob a bly not the best option dur ing the 
bridg ing period. Indeed, patients with prior BCMA treat ment 
were excluded from the piv otal CAR T stud ies, and lim ited data 
are there fore avail  able. Recent evidence from the cohort C  
of the CARTITUDE-2 trial that enrolled patients previously 
treated with BCMA-antibody drug conjugates (BCMA-ADC) 
and BCMA biespecific antibodies (BCMA-BsAb) showed that 
responses to cilta-cel were inferior to that of the CARTITUDE-1 
trial (ORR: 62% in the BCMA-ADC and 57% in the BCMA-BsAb 
groups, respectively). Factors related to response were a 
shorter duration of prior BCMA treatment and a longer median 
time between last BCMA treatment and apheresis, suggest-
ing a potential negative impact of prior BCMA treatment in 
outcome with CAR T-cell therapies.13  On the other hand, in 
the recently reported real-world expe ri ence, 22% of patients 
had prior anti-BCMA ther apy, and the ORR was con sis tent with 
that of the KarMMa trial.14 Even so, both the downregulation of 
BCMA expres sion and the biallelic loss of the BCMA locus have 

Idecabtagene vicleucel KarMMa trial1-3 Ciltacabtagene autoleucel CARTITUDE 1 trial

Neurotoxicity, n (%)

 Overall 23 (18) 20 (21)b

 Grade 3-4 4 (3) 9 (9)

Time to neu ro tox ic ity onset, median (range) 2 d (1-10) 8 d (6-8) for ICANs
Other: CAR-T cell neurotoxicites: 
26.5 d (11–108)b

Grade 3-4 neutropenia, n (%) 114 (89) 92 (95)

 Time to recov ery, median (range) 1.9 mo (1.2-5.6) Not reported

Grade 3-4 throm bo cy to pe nia, n (%) 67 (52) 58 (60)

 Time to recov ery, median (range) 2.1 mo (1.2-13.8) Not reported

Infections, n (%) 88 (69) 56 (58)

Grade 3-4 infec tions, n (%) 28 (22) 19 (20)

Death, n (%) 44 (34) 14

Reference (1) Munshi et al9
(2) Anderson et al.34

(3) Oriol et al.35

(4) Berdeja et al8
(5) Martin et al.36

(6) Jakubowiak et al11

Data from the KarMMa and CARTITUDE-1 piv otal tri als with ide-cel and cilta-cel, respec tively, are sum ma rized.
aPFS in R-ISS 3.
bICANS occurred in 16 (17%) patients. Other neurotoxicities occurred in 12 patients, with a median time to onset of 27 days. Five patients had a clus ter 
of move ment and neurocognitive treat ment–emer gent adverse events.
EMA: Euro pean Medicines Agency; EMD, extramedullary dis ease; FDA: US Food and Drug Administration.

Table 1. Safety and effi cacy data of the 2 FDA- and EMA-approved CARs (Continued)
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been reported after anti-BCMA treat ment, with the poten tial 
to limit BCMA CAR T-cell effi cacy.15-17

Additionally, strat e gies to shorten vein-to-vein time are being 
devel oped, such as plat forms for rapid CAR T-cell manufactur-
ing or uni ver sal off-the-shelf allo ge neic CAR. ALLO-715 is an 
allo ge neic BCMA-targeting CAR T cell. It is manufactured with 
a knock out of the T-cell recep tor alpha con stant and CD52 to 
min i mize the risk of graft-ver sus-host dis ease and to allow pro-
found T-cell deple tion using an anti-CD52 anti body to improve 
engraft ment of the CAR T cells, respec tively.18 The UNIVERSAL 
phase 1 study tested ALLO-715 in 43 RRMM patients using esca-
lat ing doses and dif fer ent lympho-deplet ing reg i mens. The best 
clin i cal results were obtained with 320 × 106 cells in com bi na-
tion with fludarabine, cyclo phos pha mide, and anti-CD52 anti-
body (ALLO-647). In this cohort, 24 patients were infused. The 
ORR was 71%, and the median DoR was 8.3 months.19 Potential 
immu no ge nic ity and short per sis tence are the main chal lenges 
when using allo genic CAR T cells, and other cel lu lar plat forms 
are under inves ti ga tion, such as nat u ral killer CAR or γδ T cells.18

Treating patients in ear lier lines of ther apy with less refrac-
tory dis ease may help over come some of the afore men tioned 
prob lems. Therefore, dif fer ent stud ies are indeed eval u at ing 
the fea si bil ity and effi cacy of this ther apy in the con text of early 
relapse or front line dis ease. In cohort A from the phase 2 CARTI-
TUDE-2 study, patients with 1 to 3 prior lines and lenalidomide-
refrac tory dis ease were included and treated with cilta-cel. The 
median num ber of prior lines was 2 (range, 1-3). Interestingly, 
40% of the patients were already tri ple-class refrac tory. Nine-
teen out of 20 patients responded (95%), and 85% achieved at 
least CR. The median PFS has not yet been reached, with a PFS at 
12 months of 84% (95% CI, 59.1-94.7). Safety was com pa ra ble to 
that of the CARTITUDE-1 trial with out new safety sig nals.20 Like-
wise, in cohort B of the same study, patients with early relapse 
(within the first 12 months) after front line ther apy with a protea-
some inhibitor and immu no mod u la tory drugs were included. A 
total of 19 patients were infused. The ORR was 95%, and 79% of 
patients achieved at least CR, with a 12-month PFS of 84% (95%  
CI, 57.9-94.5) and a safety pro file com pa ra ble to that of the  
CARTITUDE-1 trial.21 Altogether, these results sug gest that CAR 
T-cell ther apy in ear lier lines of ther apy is safe and may yield high 
and deep responses in dif fer ent unmet-need pop u la tions. Still, 
its effi cacy needs to be con firmed in the con text of large phase 
3 stud ies both in early relapse (KarMMa-3, NCT03651128; CARTI-
TUDE-4, NCT04181827) and the front line set ting (BMTCTN1902, 
NCT05032820; CARTITUDE-5, NCT04923893; CARTITUDE-6, 
NCT04181827) (Table 3).

CLINICAL CASE (Con tin ued)
Our patient under went apher e sis after the com ple tion of 
screen ing tests and received bridg ing ther apy, with pro-
gres sive dis ease as the best response. The bridg ing period 
was com pli cated with acute kid ney fail ure and sev eral infec-
tious com pli ca tions. After recov ery, he received stan dard 
fludarabine-cyclo phos pha mide con di tion ing before CAR 
T-cell infu sion, which was performed in Octo ber 2020. He did 
not develop CRS or ICANs but did have grade 4 cytopenia 
requir ing trans fu sion sup port, granulocyte col ony-stim u lat ing 
fac tor, eryth ro poi e tin-stim u lat ing agents, and thrombopoietin 

ana logues. After CAR T-cell treat ment, the patient achieved a 
strin gent CR with MRD neg a tiv ity (10−6) as well as a com plete 
met a bolic response (Deauville 3), using an F-fluorodeoxyglu-
cose emis sion tomog ra phy/com puted tomog ra phy scan, that 
con tin ues today. His cytopenia improved by month 12, and 
the patient no lon ger requires trans fu sions or med i ca tion.

Improving the T-cell manufactur ing pro cess
Several stud ies across dif fer ent CAR T-cell prod ucts have shown 
a pos i tive cor re la tion between the depth and DoR and CAR 
T-cell expan sion or per sis tence.9,17 Therefore, sig nifi  cant effort 
has been fos tered to opti mize the final CAR T-cell prod uct. One 
rel e vant aspect to con sider is the immu no ge nic ity of approved 
ani mal-derived con structs. Indeed, in the KarMMa trial, patients 
with anti drug antibodies (ADAs) increased over time, from 21% 
(21 of 102) at month 3 to 65% (34 of 52) at month 12.9 Although 
these antibodies did not seem to influ ence CAR con cen tra tion 
or response, only patients with out neg a tive ADAs responded to 
CAR T-cell reinfusion, suggesting the poten tial role of these ADAs 
in CAR T-cell per sis tence or activ ity. Humanized or fully human 
con structs may be a way to over come the neg a tive impact of 
immu no ge nic ity in CAR T-cell out comes. Preliminary data from 
sev eral phase 1 and 2 tri als have shown encour ag ing clin i cal 
effi cacy with high ORRs and deep and dura ble responses.22,23 
Moreover, in 1 aca demic study eval u at ing ARI-002h, a human-
ized BCMA CAR T, patients with an ongo ing response and the 
absence of sig nifi  cant tox ic ity to the first infu sion were eli gi ble 
for a reinfusion. Sixteen out of 30 patients received a sec ond 
infu sion, and 5 patients showed an improved response, sug-
gesting an ade quate expan sion of the CAR T-cell prod uct.24,25 
Alternatively, the use of non–scFv-based CARs, such as engi-
neered bind ing scaf folds, recep tors, or nat u ral ligands, might 
addi tion ally serve to mit i gate immu no genic reac tions.26

Higher lev els of mem ory T-cell phe no types have been asso ci-
ated with bet ter clin i cal out comes, and sev eral strat e gies, such 
as CD4/CD8 in a 1:1 ratio, may yield a higher pro por tion of these 
pop u la tions in the final prod uct. An inter est ing approach was 
eval u ated in the phase 1 CRB-402 study. In this trial, ide-cel was 
cul tured with a PI3K inhib i tor (bb007), resulting in a dif fer ent CAR 
T-cell prod uct (bb21217) enriched with T cells hav ing a mem ory-
like phe no type and a supe rior pro lif er a tive capac ity upon adop-
tive trans fer. Overall, 72 patients with a median of 6 prior lines 
were infused. The ORR was 69%, with 36% of the patients achiev-
ing a CR or bet ter. The median DoR was 23.8 months and was 
not reached by patients in CR. Importantly, the per sis tence of 
CAR T cells was prolonged, with detect able CAR T cells in some 
patients up to 24 months.27

One lim i ta tion of targeted immunotherapies is the poten tial 
het ero ge ne ity of anti gen expres sion among tumor cells and the 
loss or downregulation of anti gen after expo sure.18 Simultane-
ously targeting dif fer ent anti gens could over come this bar rier, 
and sev eral tri als are eval u at ing this pos si bil ity. GC012F is a dual 
BCMA/CD19-targeted CAR T manufactured in 24 to 36 hours on 
the FASTCAR® plat form. Sixteen patients with RRMM and a median 
of 5 prior lines of ther apy were infused with GC012F (dose range: 
100 000-300 000 CAR T cells per kilo gram). The ORR was 94%, 
with 56.3% of patients achiev ing CR or bet ter. The median DoR 
was not reached at 7.3 months of median fol low-up.28

Likewise, other tar gets are being explored (Table 4). GPR5D 
(G pro tein–cou pled recep tor 5 fam ily D)-directed CAR T cells are 
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also under inves ti ga tion. In a first-in-human study of MCARH109, 
17 patients were infused. Four doses were tested (25, 50, 150, 
and 450 × 106 CAR + T cells). Fifty-nine per cent of the patients had 
prior BCMA ther apy, includ ing 47% with prior CAR T-cell treat-
ment. The ORR was 60% and 80% in patients with prior BCMA 
ther apy. Data are still pre lim i nary since the median fol low-up 
was only 18 weeks.29

In addi tion, dif fer ent strat e gies aiming to improve CAR 
potency and sen si tiv ity are under eval u a tion, and the pos si bil-
i ties are end less. Therefore, the fine-tun ing of CAR den sity in 
the T cell,30 the co-infu sion of CAR and chi me ric costimulatory 
recep tors,31 the use of HLA-inde pen dent T-cell recep tors instead 
of CAR,32 armored CAR T, or a com bi na tion with gamma-secre-
tase inhib i tors to increase BCMA den sity in the tumor cell are 
poten tial ven ues to improve.33 Clinical data, how ever, are still 
scanty (Figure 2).

Conclusions
In con clu sion, BCMA-directed CAR T-cell ther a pies have dem-
on strated impres sive clin i cal results in the con text of advanced 
tri ple-class exposed RRMM, lead ing to the approval of 2 CARs. 
New modal i ties are in devel op ment to over come some of the 
cur rent lim i ta tions of CAR T-cell ther apy, aiming to improve out-
comes, shorten vein-to-vein time, and reduce tox ic ity. The fur-
ther use of BCMA-directed CAR T-cell treat ment in ear lier lines of 
ther apy is sure to improve out comes and, hope fully, find the way 
to cur ing MM patients.
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