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   Anti – B - cell mat u ra tion anti gen (BCMA) chi me ric anti gen recep tor (CAR) T - cell ther a pies cur rently approved by the US 
Food and Drug Administration (FDA) have dra mat i cally improved clin i cal out comes for patients with heavily pretreated 
mul ti ple mye loma who have dis ease refrac tory to con ven tional proteasome inhib i tors, immu no mod u la tory drugs, and 
anti - CD38 mono clo nal antibodies. However, despite this prog ress, mul ti ple mye loma remains an incur able hema to logic 
malig nancy. In this review, we dis cuss prac ti cal con sid er ations for cur rently FDA approved CAR T - cell ther a pies, includ-
ing newer data eval u at ing those agents in ear lier lines of ther apy. We also dis cuss con sid er ations for patients fol low ing 
relapse from anti - BCMA CAR T - cell ther apy, which cur rently rep re sents an unmet clin i cal need.  

   LEARNING OBJECTIVES 
    •  Discuss prac ti cal con sid er ations for CAR T - cell prod ucts cur rently approved by the US Food and Drug 

Administration and poten tial expanded indi ca tions for those agents 
   •  Explore cur rently avail  able research regard ing chal lenges with ther apy 
   •  Evaluate treat ment options fol low ing relapse from CAR T - cell ther apy  

  CLINICAL CASE 
  A 62 - year - old man was diag nosed with IgG  κ  mul ti ple mye-
loma with cyto ge netic stud ies nota ble for dele tion of 17p 
and a t(4;14) trans lo ca tion. In the f rst 3 years since his diag-
no sis, he has had pro gres sive dis ease fol low ing 5 dif fer ent 
lines of ther apy, which have col lec tively included 2 prote-
asome inhib i tors, 2 immu no mod u la tory drugs, anti - CD38 
and anti - SLAMF7 mono clo nal antibodies, and an autol o gous 
stem cell trans plant. He was referred by his local oncol o-
gist to a major aca demic med i cal cen ter for con sid er ation 
for chi me ric anti gen recep tor (CAR) T - cell ther apy. After dis-
cus sions with his med i cal team, he undergoes apher e sis for 
planned treat ment with com mer cial ciltacabtagene auto-
leucel (cilta - cel) after observed bio chem i cal dis ease relapse.  

 Introduction 
 Although mul ti ple mye loma (MM) remains an incur able 
malig nancy, 1  novel T - cell redirecting ther a pies, includ ing 
chi me ric anti gen recep tor (CAR) T - cell and bispecif c anti-
body (BsAb) ther a pies, have shown tre men dous prom ise 

in heavily pretreated relapsed / refrac tory (RR) dis ease. 2 - 5

“While patients with high-risk disease, often def ned by 
revised international staging system (R-ISS) III disease or 
by the presence of either high-risk cytogenetic abnormali-
ties or extramedullary disease, typically have vastly inferior 
outcomes with systemic therapies, cur- rent prospective 
data sets have shown less disparate results among patients 
treated with CAR T-cell therapy” ( Figure 1 ). 6,7  Despite suc-
cess in the aggre gate, out comes for patients with mye-
loma receiv ing cel lu lar ther a pies remain highly var i able, 
with some patients hav ing brief or no responses and some 
with years of pro gres sion - free sur vival (PFS) fol low ing 
treat ment. However, given MM ’ s cur rent incurability, newer 
ther a pies inev i ta bly lead to new chal lenges, with there now 
being a need to iden tify appro pri ate treat ment options for 
patients fol low ing relapse from CAR T - cell ther apy. 

 CAR T - cell ther apy in mul ti ple mye loma: patient 
and prod uct selec tion 
 CAR T - cell prod ucts for MM cur rently approved by the 
US Food and Drug Administration (FDA) include the B - cell 
mat u ra tion anti gen (BCMA) targeting prod ucts idecabta-
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gene-vicleucel (ide-cel) and cilta-cel.2,3 Both agents were 
approved based on results of sin gle-arm phase 2 tri als with 
com mer cial use per mit ted for patients with MM with at least 
4 prior lines of ther apy, includ ing a proteasome inhib i tor, an 
immu no mod u la tory drug, and an anti-CD38 mono clo nal anti-
body. The ini tial KarMMA-1 (ide-cel) and CARTITUDE-1 (cilta-cel) 
tri als dem on strated high response rates to their respec tive CAR 
T-cell prod ucts in their heavily pretreated patient pop u la tions, 
with both tri als hav ing a sig nif  cant per cent age of patients with 
tri ple-class refrac tory (84% and 88%, respec tively) and penta- 
drug refrac tory (26% and 42%, respec tively) dis ease. These 
data indi cate that CAR T-cell ther a pies are an appro pri ate treat-
ment option for heavily pretreated patients, includ ing “penta- 
refrac tory” patients. This pop u la tion has been esti mated to 
have a median over all sur vival (OS) of less than 6 months,8 with 
avail  able treat ment options in this set ting hav ing poor eff cacy 
and high tox ic ity.9

There is cur rently no con sen sus with regards to patient 
selec tion for CAR T-cell ther a pies from avail  able data sets. With 
regards to dis ease sta tus, patients with sev eral dis ease fea tures 
typ i cally asso ci ated with aggres sive mye loma, includ ing extra-
medullary dis ease, high-risk cyto ge netic abnor mal i ties, and 
high tumor bur den, were included in the KarMMa-1 and CAR-
TITUDE-1 tri als. For patient-spe cifc fac tors, patients included 
in these tri als typ i cally had good per for mance sta tus with less 
than 5% of patients in all  tri als hav ing an Eastern Cooperative 
Oncology Group per for mance score of 2 or higher. Performance 
sta tus con sid er ations with regards to CAR T-cell ther apy may 
be due to both tol er at ing lymphodepleting ther apy prior to 
CAR T-cell infu sion, which included com bi na tion ther apy with 
fludarabine (30  mg/m2 body surface area) and cyclo phos pha-
mide (300  mg/m2 body surface area) in all  tri als and expected 

ther apy asso ci ated toxicities. Additionally, the con tri bu tion of 
rap idly progressing dis ease to poor per for mance sta tus dur ing 
the time required for CAR T-cell manufactur ing may make this 
treat ment option less fea si ble for this pop u la tion. As patient 
age was highly var i able in all  trial pop u la tions, assess ments of 
ft ness is often done clin i cally.

There remain no reported or pend ing pro spec tive data sets 
com par ing out comes between avail  able FDA-approved BCMA 
targeting CAR T-cell prod ucts, leav ing prod uct selec tion up to 
the dis cre tion of indi vid ual cli ni cians. The patient pop u la tions 
for both the KarMMa-1 and CARTITUDE-1 stud ies were sim i lar 
(Table 1) with regards to prior ther apy expo sure and patient ft-
ness, although the patients included in CARTITUDE-1 were less 
likely to have extramedullary dis ease or high-risk cyto ge netic 
abnor mal i ties. Nevertheless, the out comes between these 2 tri-
als are dis tinct, with cilta-cel patients included in CARTITUDE-1 
achiev ing a 94% over all response rate (ORR) with 67% reaching 
a com plete response (CR) while ide-cel patients achieved a 73% 
ORR with 25% reaching CR in KarMMA-1. Safety pro fles were 
nota ble for sim i lar rates of any grade and grade 3 or 4 cyto kine 
release syn drome (CRS) with both cilta-cel and ide-cel (95%, 4% 
vs 84%, 5%) and sim i lar rates of any grade neu ro tox ic ity (21% vs 
18%) but per haps higher rates of grade 3 or 4 neu ro tox ic ity with 
cilta-cel (9% vs 3%).

With regards to real-world data sets, 1 real-world anal y sis of 
159 com mer cial ide-cel–infused patients, 75% of whom would 
have been inel i gi ble for KarMMa-1 based on comorbidities, 
showed an ORR of 84% (42% ≥ CR) com pared with 76.4% (30% ≥ 
CR) in KarMMa-1.10 However, a sim i lar real-world study of com mer-
cial ide-cel out comes in 190 KarMMa-1–eli gi ble patients iden ti fed 
sig nif  cantly infe rior out comes when com pared to KarMMA-1 
data, with an ORR of 32.2%, with these results remaining when 

Figure 1. Causes of CAR T-cell therapy inefficacy: therapy inefficacy for patients with MM receiving CAR T-cell therapy can be due 
to disease- or patient-related factors, although logistical concerns relating to product manufacturing and cost/availability are 
also significant. Therapy-related toxicity can also represent a challenge even in patients with strong responses. CAR-HLH, Chimeric 
antigen receptor T cell-related hemophagocytic lymphohistiocytosis.



342 | Hematology 2023 | ASH Education Program

Table 1. Review of clin i cal data sets for cur rently FDA-approved CAR T-cell ther a pies

Ide-cel (KarMMa-1) Ide-cel (KarMMa-3) Cilta-cel (CARTITUDE-1) Cilta-cel (CARTITUDE-4)

Trial phase 2 3 1b/2 3

No. of patients infused (enrolled) 128 (140) 225 (254) 97 (113) 208 (176)

Median age (range),† y 61 (33–78) 63 (30–81) Not reported 61.5 (27–78)

Median time since diag no sis (range),† y 6 (1–18) 4.1 (0.6–21.8) 5.9 (4.4–8.4) 3.0 (0.3–18.1)

Median No. of prior lines (range)† 6 (3–16) 3 (2–4) 6 (4–8) 2 (1–3)

EMD,† No. (%) 50 (39) 61 (24) 13 (13) 44 (21.2)

ECOG,† No. (%)

 0 57 (45) 120 (47) 39 (40) 114 (54.8)

 1 68 (53) 133 (52) 54 (56) 93 (44.7)

 ≥2 3 (2) 1 (<1) 4 (4) 1 (0.5)

R-ISS†

 I 14 (11) 50 (20) 61 (63) 136 (65.4)

 II 90 (70) 150 (59) 22 (23) 60 (28.8)

 III 21 (16) 31 (12) 14 (14) 12 (5.8)

 Unknown 3 (2) 23 (9) 0

Cytogenetic abnor mal i ties†

 High risk 45 (35) 107 (42) 23 (24) 123 (59.4)‡

 del(17p) 23 (18) 66 (26) 19 (20) 49 (23.7)

 t(4;14) 23 (18) 43 (17) 2 (2) 30 (14.5)

 t(14;16) 6 (5) 8 (3) 3 (3) 3 (1.4)

Prior ASCT† 120 (94) 214 (84) 87 (90) Not reported

Prior treat ment refrac tory sta tus†

 IMiD 126 (98) 224 (88) Not grouped (highest is 
Len with 96, 99%)

208 (100)

 PI 116 (91) 189 (74) Not grouped (highest is V 
with 92, 95%)

Not grouped (highest is V 
with 55, 26.4%)

 Anti-CD38 120 (94) 242 (95) 94 (97) 50 (24)

 Triple-class refrac tory 108 (84) 164 (65) 85 (88) 30 (14.4)

 Penta drug refrac tory 33 (26) 15 (6) 41 (42) 2 (1)

No. (%) requir ing bridg ing ther apy† 112 (88) 213 (84) Not reported All

Response rate

MRD neg a tive, No. (%) 33 (24) 51 (20)* 43 (38) 126 (60.6)

 sCR or CR 42 (30) 98 (39) 80 (71) 152 (73.1)

 ≥ VGPR 68 (48) 153 (60) 92 (81) 169 (81.3)

 ≥ PR/ORR 85 (67) 181 (71) 95 (84) 176 (84.6)

Median PFS (95% CI),† mo 8.8 (5.6–11.6) 13.3 (11.8–16.1) 34.9 (25.2-NR)39 NR (Not reported)

Median OS (95% CI),† mo 19.4 (18.2-NR) Not reported NR (NE) NR (NE)

Grade 3+ CRS,† No. (%) 8 (6) 11 (4) 4 (4) 2 (1.1)

Grade 3–4 heme tox,† No. (%) 114 (89) 218 (87) 96 (99) 196 (94.2)

ASCT, Autologous stem cell transplantation; ECOG, Eastern Cooperative Oncology Group; IMiD, immu no mod u la tory drug; NE, Not estimable; NR, Not 
reached; PI, proteasome inhib i tor; PR, par tial response; R-ISS, Revised International Staging System; sCR, stringent complete response; VGPR, very 
good par tial response.

*ORR are for all  patients enrolled (and not enriched for those receiv ing cell infu sion as reported in the man u script).

†Values reported for only the patients who received ide-cel infu sion (full data not reported) in the KarMMa-1 and CARTITUDE-1 pop u la tion. Values include 
all  enrolled patients in the KarMMa-3 and CARTITUDE-4 pop u la tions.

‡High risk in this trial included +1q in addi tion to del(17p), t(4;14), and t(14;16) as included in the other stud ies.
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matching for KarMMa-1 patient char ac ter is tics.11 With regards to 
cilta-cel, there is a pau city of published data; how ever, 1 report 
of a 139-patient com mer cial cohort observed an ORR of 80% 
(40% CR) with a sim i lar tox ic ity pro fle to that observed in CAR-
TITUDE-1.12

Considerations for bridg ing ther apy  
and manufactur ing time
One of the major logis ti cal chal lenges with CAR T-cell ther apy 
admin is tra tion is man ag ing dis ease relapse dur ing the prod-
uct manufactur ing time to avoid com pli ca tions asso ci ated with 
mye loma-related end-organ dam age, as is pres ent in our patient 
case described above. Current manufactur ing times for ide-cel 
and cilta-cel are esti mated at ∼28 days. However, fac tor ing in 
the time required to con frm dis ease relapse and coor di nate 
the logis tics for cell col lec tion in the stan dard care set ting likely 
involves a lon ger func tional time between dis ease reemergence 
and CAR T-cell infu sion. This time delay, unique to CAR T-cell 
ther apy when com pared to off-the-shelf ther a pies, is asso ci ated 
with a fre quent need for bridg ing ther apy. Over 80% of ide-cel 
patients (included in both KarMMA-1 and KarMMA-3) required 
bridg ing ther apy dur ing prod uct manufactur ing time, which is 
likely shorter in the con text of a clin i cal trial than it would be in 
a stan dard-of-care set ting.2,13 Additionally, all  cur rently published 
MM CAR T-cell tri als have a nota ble per cent age of their inten-
tion-to-treat pop u la tion who did not ulti mately receive their cell 
infu sion. Specifcally, 8% to 14% of enrolled patients in cur rently 
published ide-cel and cilta-cel tri als dropped out prior to infu-
sion.14 The rea sons for these drop outs are not explic itly reported 
in all  rel e vant tri als but are often attrib uted dis ease pro gres sion, 
adverse events, or cell manufactur ing fail ure.

Off-the-shelf allo ge neic CAR T-cell prod ucts have been inves-
ti gated as a poten tial solu tion to issues surrounding CAR T-cell 
manufactur ing time, as patient-spe cifc autol o gous prod uct 
prep a ra tion is not required. The only published clin i cal trial of 
allo ge neic CAR T-cell ther apy for MM eval u ated the safety and 
fea si bil ity of Allo-715, an allo ge neic anti-BCMA CAR T-cell ther-
apy, dem on strat ing a 70.8% ORR with a median dura tion of 
response of 8.3 months.15 Of note, none of the 43 infused patients 
in this study required bridg ing ther apy (Table 3). In this study, 
grade ≥3 adverse events were rare, includ ing CRS (2.3%) and 
neu ro tox ic ity (0%), mean ing that this approach could poten tially 
be an option for patients with rap idly progressing dis ease.

CLINICAL CASE (continued)
Following apher e sis, the patient reports pro gres sive fatigue 
and bone pain while awaiting cilta-cel deliv ery. On eval u-
a tion, the patient is noted to have wors en ing ane mia, acute 
kid ney injury, and radio graphic stud ies dem on strat ing sev eral 
new lytic bone lesions. He is admit ted for bridg ing ther apy 
with dexa meth a sone, cyclo phos pha mide, etoposide, and cis-
platin, and while he has a tran sient par tial response to ther apy, 
he is found to have actively progressing dis ease just prior to 
cilta-cel infu sion. Following infu sion with cilta-cel, the patient 
 expe ri enced grade 4 immune effec tor cell-asso ci ated neu ro-
tox ic ity syn drome (ICANS) among other sig nif  cant treat ment-
related toxicities. He ulti mately recov ered from these side 
effects after a prolonged stay in the hos pi tal inten sive care unit 

and achieved CR to ther apy with no evi dence of min i mal resid-
ual dis ease seen fol low ing bone mar row biopsy.

Notable short- and long-term ther apy toxicities
Short-term toxicities for CAR T-cell ther apy are well described, 
and most nota bly include CRS and ICANS.16 These are com-
mon short-term side effects of CAR T-cell ther apy and in most 
of cases are asso ci ated with no long-term sequelae, although 
cases of CRS- and ICANS-related mor tal ity have been reported. 
Both are thought to have increased inci dence in patients with 
high pre treat ment dis ease bur den, fur ther indi cat ing the 
impor tance of bridg ing ther apy in patients with evi dence of 
rapid dis ease pro gres sion.17

While these short-term toxicities are well documented in rel-
e vant clin i cal tri als and have a con sen sus with regards to man-
age ment guide lines, long-term toxicities are less thor oughly 
described. One sin gle-cen ter report observed cytopenias can 
per sist long after cell infu sion, with 28% of patients with grade 
≥3 cytopenias 120 days fol low ing cell infu sion.18 Long-term neu-
ro tox ic ity, includ ing par kin so nian-like move ment dis or ders 
as well as neurocognitive events, has been observed in 5% of 
patients in 1 cohort of cilta-cel–treated patients, which, given 
the small num ber of affected patients, does not have a clear clin-
i cal man age ment strat egy.17

CAR T-cells in ear lier lines of ther apy
The recently published KarMMa-3 and CARTITUDE-4 stud ies 
eval u ated the eff cacy of ide-cel and cilta-cel in ear lier treat-
ment set tings. KarMMa-3 recruited patients with RR MM with 
2 to 4 prior lines of ther apy to eval u ate the poten tial role for 
ide-cel in ear lier lines of ther apy.19 The study was designed as 
a phase 3 ran dom ized trial (2:1 ran dom i za tion favor ing ide-cel) 
com par ing ide-cel to a selec tion of stan dard ther apy reg i mens 
cho sen at the cli ni cian’s dis cre tion. Non–ide-cel treat ment 
options included daratumumab in com bi na tion with pomalid-
omide and dexa meth a sone, daratumumab in com bi na tion with 
bortezomib and dexa meth a sone, ixazomib in com bi na tion with 
lenalidomide and dexa meth a sone, carflzomib in com bi na tion 
with dexa meth a sone, and elotuzumab in com bi na tion with 
pomalidomide and dexa meth a sone. The trial met its pri mary 
end point, dem on strat ing supe rior PFS in the ide-cel group 
when com pared to the con ven tional ther apy group (13.3 vs 4.4 
months). However, there are some chal lenges with interpreting 
this trial as strictly favor ing ide-cel over stan dard ther apy. OS 
com par i sons were not reported (noted as an imma ture data 
set in the published study) and a nota ble num ber of patients 
in the ide-cel–treated group died dur ing the study. Deaths due 
to any cause were reported as mar gin ally higher in the ide-cel 
group com pared to the stan dard ther apy group (30% vs 26%), 
with deaths related to treat ment representing less than half of 
deaths in the ide-cel arm.

The avail  able reg i mens in the stan dard ther apy group 
lacked some ther apy options for patients with 1 to 3 prior lines 
of ther apy expo sure. Carflzomib-containing trip let reg i mens 
includ ing carflzomib in com bi na tion with dexa meth a sone and 
either lenalidomide, daratumumab, or isatuximab were not 
included as con trol. However, while these reg i mens showed 
supe ri or ity to carflzomib in com bi na tion with dexa meth a sone 
in the RR MM set ting in the phase 3 ASPIRE, CANDOR, and 
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IKEMA tri als,20-22 the KarMMA-3 pop u la tion was nearly entirely 
refrac tory to anti-CD38-based ther apy, which was not the case 
for patients recruited to those phase 3 stud ies. It should be 
noted that, in the stan dard care group, Kd was highly repre-
sented as a cli ni cian-cho sen treat ment option, with cli ni cians 
for 23% of patients selecting it, indi cat ing favor for carflzo-
mib’s use in this set ting. Furthermore, 38% of patients in the 
stan dard ther apy group received daratumumab-containing 
reg i mens (daratumumab in com bi na tion with pomalidomide 
and dexa meth a sone or daratumumab in com bi na tion with bor-
tezomib and dexa meth a sone) despite 94% of patients hav ing 
daratumumab refrac tory dis ease. While not spe cifc to dara-
tumumab, pro spec tive tri als eval u at ing anti-CD38 mono clo nal 
antibodies in the daratumumab refrac tory set ting have shown 
0% ORRs.23

CARTITUDE-4 spe cif  cally recruited patients with lenalido-
mide refrac tory dis ease with 1 to 3 prior lines of ther apy, and 
patients were ran dom ized (1:1) to either cilta-cel or phy si cians’ 
selec tion of stan dard-of-care ther a pies, includ ing bortezo-
mib in com bi na tion with pomalidomide and dexa meth a sone, 
as well as daratumumab in com bi na tion with pomalidomide 
and dexa meth a sone (DPd).13 This trial also met its pri mary 
end point, show ing supe rior PFS in the cilta-cel group when 
com pared to the stan dard ther apy group (PFS not reached 
vs 15.9 months). Like in KarMMa-3, carflzomib-containing 
trip lets were nota bly not included in the con trol arm of this 
study, despite carflzomib in com bi na tion with dexa meth a sone 
and daratumumab being FDA approved within 2 months of 
trial enroll ment. This is of par tic u lar rel e vance when com par-
ing the out comes of these 2 tri als to each other as patients 
in the cilta-cel arm included in this study had far lower carfl-
zomib expo sure com pared to bortezomib expo sure (37.0% vs 
97.6%) and far lower daratumumab expo sure than the patients 
included in KarMMa-3 (24.5% vs 95%). The con trol arm may 
have had more suc cess if the pro to col had been amended to 
include these reg i mens, par tic u larly carflzomib in com bi na-
tion with dexa meth a sone and lenalidomide as per the ASPIRE 
trial. The sig nif  cant prior bortezomib expo sure is reflected in 
the obser va tion that, for patients included in the con trol arm, 
86.7% were given DPd by their treating cli ni cian as opposed to 
bortezomib in com bi na tion with pomalidomide and dexa meth-
a sone, likely to avoid retreatment with a pre vi ously received 
agent. Unlike the KarMMa-3 study, deaths on study due to any 

cause in the CARTITUDE-4 study were not higher in the cilta-
cel arm than in the con trol arm (18.8% vs 21.8%). However, this 
did not include patients who had evi dence of dis ease pro gres-
sion prior to receiv ing cilta-cel on trial and were sub se quently 
given cilta-cel as postprotocol ther apy per trial design (with 
10/20 such patients dying at the time of trial pub li ca tion). Side 
effects related to neu ro tox ic ity, as represented by ICANS and 
move ment dis or ders, showed lower fre quency than in clin i cal 
tri als eval u at ing cilta-cel in more heavily pretreated dis ease. 
This may be due to the fact that tox ic ity asso ci ated with CAR 
T-cell ther apy has been observed more fre quently in patients 
with higher dis ease bur den at the time of cell infu sion, as is the 
case with our patient described above.

Overall, it is dif f cult to com pare the rel a tive eff cacy of 
ide-cel and cilta-cel in these tri als, as they recruited patients 
in dif fer ent set tings, which is reflected in the dis pa rate out-
comes in their respec tive con trol arms. Further, com par i sons 
of treat ment arms across these tri als should be done with sig-
nif  cant cau tion as the ide-cel pop u la tion in KarMMA-3 had 
a sig nif  cantly higher per cent age of tri ple-class refrac tory 
dis ease when com pared to the cilta-cel pop u la tion in CAR-
TITUDE-4 (65% vs 25.5%). This dis crep ancy is pri mar ily due 
to a sig nif  cantly higher daratumumab refrac tory pop u la-
tion in KarMMa-3 com pared to CARTITUDE-4 patients (95% 
vs 24.5%), a pop u la tion with nota ble poorer treat ment out-
comes.8 It should be noted, how ever, that a recently reported 
real-world data set of 143 cilta-cel patients, 71% of whom 
were tri ple-class refrac tory, had an ORR of 89% with median 
PFS not reached, albeit with a short median fol low-up time 
of 5.8 months.12 Both the KarMMa-3 and CARTITUDE-4 stud-
ies appro pri ately ana lyzed data via inten tion-to-treat anal y sis, 
but nei ther phase 3 study has reported OS in either group, 
which, when avail  able, will fur ther inform clin i cal deci sion-
mak ing. Additionally, there are cur rent ongo ing clin i cal tri als 
eval u at ing cilta-cel in the front line set ting (Table 2), which has 
to poten tial to fur ther expand the indi ca tions for CAR T-cell 
ther apy in MM.

Therapy con sid er ations for patients with prior expo sure 
to anti-BCMA targeting agents
There are no fully reported pro spec tive data sets eval u at ing 
the eff cacy of ide-cel or cilta-cel in patients with prior expo-
sure to other BCMA targeting agents, includ ing the anti body 

Table 2. Ongoing phase 3 clin i cal tri als of ide-cel and cilta-cel in ear lier lines

CARTITUDE-5 CARTITUDE-6

Setting NDMM fol low ing VRd with out planned ASCT NDMM, trans plant eli gi ble, fol low ing DVRd

Product Cilta-cel Cilta-cel

Control arm Rd main te nance ASCT

Primary end point PFS PFS, sustained MRD-CR

Estimated enroll ment 650 750

Study start date June 2021 Feb ru ary 2022

Estimated pri mary com ple tion date June 2026 June 2026

NCT ID NCT04923893 NCT05257083

DVRd, daratumumab, bortezomib, lenalidomide and dexamethasone; NDMM, newly diagnosed multiple myeloma; VRd, bortezomib, lenalidomide 
and dexamethasone.
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drug con ju gate belantamab mafodotin, other BCMA targeting 
CAR T-cell prod ucts, or BCMA targeting bispecifc anti body 
ther a pies. In a small sub set of patients receiv ing anti-BCMA 
CAR T-cell and anti-BCMA BsAbs, sin gle-cell geno mic sequenc-
ing of mye loma cells at relapse iden ti fed BCMA biallelic loss 
and BCMA mis sense muta tions at relapse, indi cat ing that prior 
BCMA-directed ther apy expo sure may limit the eff cacy of 
fur ther BCMA-directed ther a pies, although there are no clin-
i cal data avail  able linking these.24-26 In 1 ret ro spec tive study 
of real-world ide-cel out comes, PFS fol low ing ide-cel infu sion 
was found to be infe rior in 33 patients with prior expo sure 
to either belantamab mafodotin or anti-BCMA BsAbs with a 
median PFS of 9.0 months (7.6-not reached) in the anti-BCMA 
ther apy-naive group and 3.2 months (2.8-not reached) in the 
anti-BCMA ther apy-exposed pop u la tion (P ≤ .001).10 While this 
may be due to resis tance mech a nisms to anti-BCMA ther a pies 
that fol low anti-BCMA ther apy, it is unclear if the anti-BCMA 
refrac tory pop u la tion rep re sents a more heavily pretreated 
pop u la tion with more aggres sive dis ease regard less. Further 
data sets will be required to deter mine if prior BsAb ther-
apy is dis rup tive to lym pho cyte apher e sis prior to CAR T-cell 
manufactur ing and if this rep re sents a cause of CAR T-cell 
ther apy fail ure with clin i cal sig nif  cance.

An early report of CARTITUDE-2 cohort C, a phase 2 study 
eval u at ing the eff cacy of cilta-cel in patients with prior non cel-
lu lar anti-BCMA ther apy expo sure, has been reported. Among 
20 cilta-cel–infused patients, 7 with prior anti-BCMA BsAb and 
13 with prior anti-BCMA anti body drug con ju gate expo sure, the 

ORR was 67%, com pared with the 98% ORR among infused cilta-
cel patients in CARTITUDE-1.27 Notably, this patient pop u la tion 
was more heavily pretreated, with a median of 8 prior lines of 
ther apy com pared to CARTITUDE-1’s 6 median prior lines. While 
this data set reported worse out comes for cilta-cel in the post-
BsAb set ting (ORR, 57.1%; median PFS, 5.3 months) than in the 
CARTITUDE-1 study, it is dif f cult to draw gen er al iz able con clu-
sions from a 7-patient data set.

Overall, these data indi cate that anti-BCMA CAR T-cell ther-
apy should remain a con sid er ation for patients with relapse 
fol low ing other anti-BCMA ther a pies, although responses rates 
may be dimin ished. There may also be util ity in assessing the 
genetic integ rity of TNRSF17, the gene cod ing for BCMA, prior to 
con sid er ation for ther apy.

Response assess ment and PFS pre dic tion
Response assess ments fol low ing MM treat ment, clas si fed 
according to International Myeloma Working Group cri te-
ria,28 were strongly pre dic tive of dura tion of response in both 
KarMMA-1 and CARTITUDE-1, with patients achiev ing a CR hav-
ing dras ti cally improved out comes com pared to those with 
very good par tial response or par tial response fol low ing infu-
sion. Additionally, the prog nos tic role of min i mal resid ual dis-
ease (MRD) neg a tive sta tus remains crit i cal in this pop u la tion. 
A recent sin gle-cen ter ret ro spec tive study of CAR T-cell ther apy 
out comes in MM iden ti fed that median PFS for MRD-pos i tive vs 
MRD-neg a tive patients was dras ti cally dif fer ent, with a median 
PFS of 2.9 vs 17.5 months, favor ing the MRD-neg a tive group.29 

Table 3. Non-FDA-approved CAR T-cell ther a pies with com plete clin i cal trial data avail  able

Allo-715 MCARH109 Xuzhou GPRC5D CAR T cell 
ther apy OriCAR-017

Trial phase 1 1 2 1

Target BCMA GPRC5D GPRC5D GPRC5D

Specifcity Allogeneic Autologous Autologous Autologous

Patients enrolled (infused) 48 (43) 19 (17) 33 (33) 13 (10)*

Median age (range), y 64 (46–77) 60 (38–76)† 58 (39–70) 64 (58–68)†

Median prior lines (range) 5 (3–11) 6 (4–14)† 4 (2–12) 5.5 (4–10)†

Triple-class refrac tory, No. (%) 39 (91) 16 (94)† Not reported Not reported

Penta refrac tory, No. (%) 18 (42) Not reported Not reported Not reported

Prior anti-BCMA CAR T-cell ther apy, No. (%) Excluded 8 (47)† 9 (27) 5 (50)†

Received bridg ing ther apy, No. (%) 0 16 (94)† Not reported 2 (80)†

ORR, No. (%) 24 (56)† 12 (71)† 30 (91) 10 (100)†

CR, No. (%) Not reported 6 (35)† 21 (64) 6 (60)†

ORR in patients with prior anti-BCMA CAR T-cell 
ther apy, No. (%)

7/10 (70)† 9/9 (100) 5 (100)†

Median PFS Not reported Not reached Not reached Not reached

CRS grade 3+, No. (%) 1 (2) 1 (6) 0 (0) 0 (0)

ICANS grade 3+, No. (%) 0 (0) 1 (6) 1 (3) 0 (0)

Trial ID NCT04093596 NCT04555551 ChiCTR2100048888 NCT05016778

*Thirteen patients were screened for the trial, but 1 was excluded due to low plasma cell GPRC5D expres sion.

†Values listed are for only the enrolled patients receiv ing prod uct infu sion.
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This indi cates that, in clin i cal prac tice, dis cus sions regard ing 
sub se quent ther apy should be a pri or ity in those not achiev ing 
MRD neg a tiv ity fol low ing infu sion. Additionally, this fnd ing sup-
ports the need for fur ther research into iden ti fy ing patients most 
likely to have a strong response to ther apy, given the high costs 
asso ci ated with CAR T-cell ther apy.

Considerations for access and cost-effec tive ness
CAR T-cell ther a pies are asso ci ated with con sid er able expense. 
Given the require ment for inpa tient admin is tra tion at spe cial ized 
cen ters, only patients with means to travel to these insti tu tions 
and those liv ing in countries with an infra struc ture for CAR T-cell 
ther apy admin is tra tion will have access to these cel lu lar ther a-
pies. Wholesale acqui si tion costs for cilta-cel are cur rently esti-
mated at $465,000 USD per patient with addi tional nonproduct 
costs, includ ing inpa tient and out pa tient man age ment as well as 
adverse event man age ment, being esti mated in 1 study to be an 
addi tional $160,933 per patient.30 While cost-effec tive ness ana ly-
ses can not be accu rately performed until com plete PFS and OS 
data are avail  able for CARTITUDE-1 patients, this indi cates that 
CAR T-cell ther apy for RR MM will poten tially be a cost-effec tive 
treat ment option only for those patients who achieve mul ti year 
remis sions fol low ing ther apy.31 Treatments costs in CAR T-cell 
ther apy non re spond ers are not sub stan tially miti gated when 
com pared to strong respond ers, as opposed to other MM ther a-
pies that are admin is tered con tin u ously and are typ i cally discon-
tinued at relapse.32

When com pared to CAR T-cell ther a pies for lym phoma, ide-
cel and cilta-cel are not regarded as cura tive ther a pies, with 
patients relaps ing fol low ing suc cess ful CAR T-cell ther a pies 
often pro ceed ing to sim i larly expen sive alter na tives. Overall, this 
fur ther indi cates an unmet need for a robust sys tem of iden ti fy-
ing patients most likely to response to CAR T-cell ther apy prior 
to prod uct manufactur ing.

Considerations for relapse
There are sev eral data sets eval u at ing the eff cacy of var i ous 
treat ment options in patients with dis ease relapse fol low ing 
pre vi ous response to anti-BCMA CAR T-cell ther a pies. Three 
cur rently published clin i cal tri als eval u at ing the eff cacy of anti-
GPRC5D targeted CAR T-cell ther a pies included sev eral patients 
with prior anti-BCMA CAR T-cell ther apy expo sure, with such 
patients in both tri als hav ing high response rates to ther apy.33-35 
Overall response rates were >70% in all 3 stud ies, with median 
PFS not being reached in any and with grade ≥3 CRS being seen 
in <10% of patients in all  stud ies.

A recently published ret ro spec tive mul ti cen ter study 
assessed 140 anti-BCMA CAR T-cell–treated patients, 79 of whom 
were evaluable and went on to receive sub se quent antimyeloma 
ther apy. Among these patients, there were 35 instances of sal-
vage ther apy with another T-cell redi rec tion ther apy, includ ing 
either CAR T-cell or BsAb ther apy, with an ORR of 91.4% for these 
instances.36 Most of these agents included non-BCMA targeted 
T-cell redi rec tion ther a pies, indi cat ing that treat ment options 
for anti-BCMA CAR T-cell refrac tory patients will be strong 
pend ing the approval of recently eval u ated non-BCMA target-
ing T-cell redi rec tion ther a pies.5,33-35 Although not fully reported, 
safety and fea si bil ity stud ies of CAR T-cell com bi na tion ther apy 
and dual targeting approaches may also rep re sent an effec tive 
treat ment option, with 1 study of a BCMA/CD19 dual targeting 

CAR T-cell ther apy show ing a 93.1% ORR with a median dura-
tion of response of 37 months.37 Other stud ies of dual target-
ing approaches are ongo ing (NCT05509530, NCT05325801, 
NCT05431608).

BsAb ther apy should be strongly con sid ered in the post-CAR 
T-cell relapse set ting. Preliminary ret ro spec tive data sets have 
eval u ated teclistamab spe cif  cally in this con text and dem on-
strated the poten tial for dura ble responses despite anti-BCMA 
CAR T-cell ther apy expo sure.38

Conclusions
Anti-BCMA CAR T-cell ther a pies rep re sent highly effec tive treat-
ment options for patients with heavily pretreated RR MM. While 
there remain ques tions with regards to patient selec tion, out-
come het ero ge ne ity, over all cost, patient access, and appro pri-
ate treat ment tim ing, there is lit tle doubt that these ther a pies 
have rev o lu tion ized clin i cal man age ment of RR MM. Going for-
ward, it will be crit i cal to con tinue to eval u ate new pro spec tive 
stud ies eval u at ing these agents, par tic u larly in ear lier lines of 
ther apy and in patients with prior expo sure to anti-BCMA agents.

Conflict-of-inter est dis clo sure
Ross S. Firestone: no com pet ing fnan cial inter ests to declare.
Sham Mailankody received con sul ting fees from Evicore, Optum, 
BioAscend, Janssen Oncology, and Legend Biotech. Memorial 
Sloan Kettering Cancer Center receives research funding from 
the NCI, Janssen Oncology, Bristol Myers Squibb, Allogene Ther-
apeutics, Fate Therapeutics, and Takeda Oncology for conduct-
ing research. Sham Mailankody received hon o raria from OncLive, 
Physician Education Resource, MJH Life Sciences, and Plexus 
Communications.

Off-label drug use
Ross S. Firestone: There are no discussions of off label drug use 
in this article.
Sham Mailankody: There are no discussions of off label drug use 
in this article.

Correspondence
Sham Mailankody, Memorial Sloan Kettering Cancer Center, 1275 
York Avenue, New York, NY 10065; e-mail: mailanks@mskcc  .org.

References
1. Ravi P, Kumar SK, Cerhan JR, et al. Defning cure in mul ti ple mye loma: a 

com par a tive study of out comes of young indi vid u als with mye loma and 
cur able hema to logic malig nan cies. Blood Cancer J. 2018;8(3):26.

2. Munshi NC, Anderson LD Jr, Shah N, et al. Idecabtagene vicleucel in relapsed 
and refrac tory mul ti ple mye loma. N Engl J Med. 2021;384(8):705-716.

3. Berdeja JG, Madduri D, Usmani SZ, et al. Ciltacabtagene autoleucel, a B-cell 
mat u ra tion anti gen-directed chi me ric anti gen recep tor T-cell ther apy in 
patients with relapsed or refrac tory mul ti ple mye loma (CARTITUDE-1): a 
phase 1b/2 open-label study. Lancet. 2021;398(10297):314-324.

4. Moreau P, Garfall AL, van de Donk NWCJ, et al. Teclistamab in relapsed or 
refrac tory mul ti ple mye loma. N Engl J Med. 2022;387(6):495-505.

5. Chari A, Minnema MC, Berdeja JG, et al. Talquetamab, a T-cell-redirecting  
GPRC5D bispecifc anti body for mul ti ple mye loma. N Engl J Med. 2022; 
387(24):2232-2244.

6. Raje NS, Siegel DS, Jagannath S, et  al. Idecabtagene vicleucel (ide-cel, 
bb2121) in relapsed and refrac tory mul ti ple mye loma: ana ly ses of high-risk 
sub groups in the KarMMa Study. Blood. 2020;136(suppl 1):37-38.

7. Jakubowiak A, Usmani SZ, Berdeja JG, et al. Effcacy and safety of cilta-
cabtagene autoleucel in patients with relapsed/refrac tory mul ti ple mye-
loma: CARTITUDE-1 sub group anal y sis. Blood. 2021;138(suppl 1):3938.

mailto:mailanks@mskcc.org


CAR T cells in mye loma | 347

8. Gandhi UH, Cornell RF, Lakshman A, et al. Outcomes of patients with mul-
ti ple mye loma refrac tory to CD38-targeted mono clo nal anti body ther apy. 
Leukemia. 2019;33(9):2266-2275.

9. Vogl DT, Dingli D, Cornell RF, et al. Selective inhi bi tion of nuclear export 
with oral selinexor for treat ment of relapsed or refrac tory mul ti ple mye-
loma. J Clin Oncol. 2018;36(9):859-866.

10. Hansen DK, Sidana S, Peres LC, et  al. Idecabtagene vicleucel for 
relapsed/refrac tory mul ti ple mye loma: real-world expe ri ence from the 
mye loma CAR T con sor tium. J Clin Oncol. 2023;41(11):2087-2097.

11. Jagannath S, Lin Y, Goldschmidt H, et al. KarMMa-RW: com par i son of ide-
cabtagene vicleucel with real-world out comes in relapsed and refrac tory 
mul ti ple mye loma. Blood Cancer J. 2021;11(6):116.

12. Hansen DK, Patel KK, Peres LC, et al. Safety and eff cacy of stan dard of care 
(SOC) ciltacabtagene autoleucel (Cilta-cel) for relapsed/refrac tory mul ti-
ple mye loma (RRMM). J Clin Oncol. 2023;41(16, suppl):8012.

13. San-Miguel J, Dhakal B, Yong K, et  al. Cilta-cel or stan dard care in 
lenalidomide-refrac tory mul ti ple mye loma. N Engl J Med. 2023;389(4): 
335-347.

14. Mohyuddin GR, Atieh T, Ahmed N, et al. Intention to treat ver sus mod i fed 
inten tion-to-treat anal y sis in B-cell mat u ra tion anti gen and CD19 chi me ric 
anti gen recep tor tri als: a sys tem atic review and meta-anal y sis. Eur J Can-
cer. 2021;156:164-174.

15. Mailankody S, Matous JV, Chhabra S, et al. Allogeneic BCMA-targeting CAR 
T cells in relapsed/refrac tory mul ti ple mye loma: phase 1 UNIVERSAL trial 
interim results. Nat Med. 2023;29(2):422-429.

16. Lee DW, Santomasso BD, Locke FL, et  al. ASTCT con sen sus grad ing for 
cyto kine release syn drome and neu ro logic tox ic ity asso ci ated with 
immune effec tor cells. Biol Blood Marrow Transplant. 2019;25(4):625-638.

17. Cohen AD, Parekh S, Santomasso BD, et  al. Incidence and man age-
ment of CAR-T neu ro tox ic ity in patients with mul ti ple mye loma treated 
with ciltacabtagene autoleucel in CARTITUDE stud ies. Blood Cancer J. 
2022;12(2):32.

18. Thibaud S, Mia MdB, Van Oekelen O, et al. Comprehensive char ac ter iza-
tion of prolonged unex plained cytopenias in relapsed/refrac tory mul ti ple 
mye loma patients fol low ing BCMA-directed CAR-T cell ther apy. Blood. 
2022;140(suppl 1):614-616.

19. Rodriguez-Otero P, Ailawadhi S, Arnulf B, et al. Ide-cel or stan dard reg i mens 
in relapsed and refrac tory mul ti ple mye loma. N Engl J Med. 2023;388(11): 
1002-1014.

20. Stewart AK, Rajkumar SV, Dimopoulos MA, et al; ASPIRE Investigators. 
Carflzomib, lenalidomide, and dexa meth a sone for relapsed mul ti ple mye-
loma. N Engl J Med. 2015;372(2):142-152.

21. Moreau P, Dimopoulos M-A, Mikhael J, et al; IKEMA study group. Isatux-
imab, carflzomib, and dexa meth a sone in relapsed mul ti ple mye loma 
(IKEMA): a multicentre, open-label, randomised phase 3 trial. Lancet. 
2021;397(10292):2361-2371.

22. Dimopoulos M, Quach H, Mateos M-V, et al. Carflzomib, dexa meth a sone, 
and daratumumab ver sus carflzomib and dexa meth a sone for patients 
with relapsed or refrac tory mul ti ple mye loma (CANDOR): results from 
a randomised, multicentre, open-label, phase 3 study. Lancet. 2020; 
396(10245):186-197.

23. Mikhael J, Belhadj-Merzoug K, Hulin C, et al. A phase 2 study of isatuximab 
monotherapy in patients with mul ti ple mye loma who are refrac tory to 
daratumumab. Blood Cancer J. 2021;11(5):89.

24. Da Vià MC, Dietrich O, Truger M, et al. Homozygous BCMA gene dele tion in 
response to anti-BCMA CAR T cells in a patient with mul ti ple mye loma. Nat 
Med. 2021;27(4):616-619.

25. Samur MK, Fulciniti M, Aktas Samur A, et al. Biallelic loss of BCMA as a resis-
tance mech a nism to CAR T cell ther apy in a patient with mul ti ple mye loma. 
Nat Commun. 2021;12(1):868.

26. Lee H, Ahn S, Maity R, et al. Mechanisms of antigen escape from BCMA- 
or GPRC5D-targeted immunotherapies in multiple myeloma. Nat. Med. 
2023;29(9):2295-2306.

27. Cohen AD, Mateos M-V, Cohen Y-C, et al. Effcacy and safety of cilta-cel 
in patients with pro gres sive mul ti ple mye loma after expo sure to other 
BCMA-targeting agents. Blood. 2023;141(3):219-230.

28. Kumar S, Paiva B, Anderson KC, et al. International Myeloma Working Group 
con sen sus cri te ria for response and min i mal resid ual dis ease assess ment in 
mul ti ple mye loma. Lancet Oncol. 2016;17(8):e328-e346.

29. Bansal R, Baksh M, Larsen JT, et al. Prognostic value of early bone mar row 
MRD sta tus in CAR-T ther apy for mye loma. Blood Cancer J. 2023;13(1):47.

30. Jagannath S, Joseph N, Crivera C, et al. Component costs of CAR-T ther apy 
in addi tion to treat ment acqui si tion costs in patients with mul ti ple mye-
loma. Oncol Ther. 2023;11(2):263-275.

31. Wu W, Ding S, Mingming Z, et al. Cost effec tive ness anal y sis of CAR-T cell 
ther apy for patients with relapsed/refrac tory mul ti ple mye loma in China.  
J Med Econ. 2023;26(1):701-709.

32. Kapinos KA, Hu E, Trivedi J, Geethakumari PR, Kansagra A. Cost-effec tive ness 
anal y sis of CAR T-cell ther a pies vs anti body drug con ju gates for patients with 
advanced mul ti ple mye loma. Cancer Control. 2023;30:10732748221142945.

33. Mailankody S, Devlin SM, Landa J, et al. GPRC5D-targeted CAR T cells for 
mye loma. N Engl J Med. 2022;387(13):1196-1206.

34. Xia J, Li H, Yan Z, et al. Anti-G pro tein-cou pled recep tor, class C group 5 
mem ber D chi me ric anti gen recep tor T cells in patients with relapsed or 
refrac tory mul ti ple mye loma: a sin gle-arm, phase II trial. J Clin Oncol. 2023; 
41(14):2583-2593.

35. Zhang M, Wei G, Zhou L, et al. GPRC5D CAR T cells (OriCAR-017) in patients 
with relapsed or refrac tory mul ti ple mye loma (POLARIS): a frst-in-human, 
sin gle-cen tre, sin gle-arm, phase 1 trial. Lancet Haematol. 2023;10(2): 
e107-e116.

36. Van Oekelen O, Nath K, Mouhieddine TH, et  al. Interventions and out-
comes of patients with mul ti ple mye loma receiv ing sal vage ther apy after 
BCMA-directed CAR T ther apy. Blood. 2023;141(7):756-765.

37. Du J, Fu W-J, Jiang H, et  al. Updated results of a phase I, open-label 
study of BCMA/CD19 dual-targeting fast CAR-T GC012F for patients with 
relapsed/refrac tory mul ti ple mye loma (RRMM). J Clin Oncol. 2023;41(16, 
suppl):8005.

38. Firestone R, Shekarkhand T, Patel D, et al. Evaluating the eff cacy of com-
mer cial teclistamab in relapsed refrac tory mul ti ple mye loma patients 
with prior expo sure to anti-BCMA ther a pies. J Clin Oncol. 2023;41(16, 
suppl):8049.

39. Lin Y, Martin TG, Usmani SZ, et  al. CARTITUDE-1 fnal results: phase 1b/2 
study of ciltacabtagene autoleucel in heavily pretreated patients with 
relapsed/refrac tory mul ti ple mye loma. J Clin Oncol. 2023;41(16, suppl):8009.

© 2023 by The Amer i can Society of Hematology
DOI 10.1182/hema tol ogy.2023000434


