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Abstract: Idecabtagene vicleucel (ide-cel) and ciltacabtagene autoleucel (cilta-cel) are two chimeric antigen receptor T cell (CAR T) 
therapies approved for use in patients with relapsed/refractory multiple myeloma (MM). Initially approved for late line MM (>4 prior 
lines), these were recently approved for use in MM with 1–2 prior lines of therapy in April 2024. As their use outside of the pivotal 
clinical trials continues to expand, it is important to critically evaluate the safety and efficacy of these therapies. Further, it is important 
to identify patients that would be most likely to benefit from the use of CAR T in earlier lines of therapy. Cilta-cel was initially studied 
in the phase-I LEGEND-2 study, followed by CARTITUDE-1 and CARTITUDE-4 trials, demonstrating remarkable efficacy. A recent 
large real-world study also demonstrated similar efficacy, in a mostly pivotal trial ineligible patient population. Based on these 
impressive results, cilta-cel is currently being studied in trials for newly diagnosed as well as smoldering multiple myeloma. Cytokine 
release syndrome (CRS) and immune effector cell associated neurotoxicity syndrome (ICANS) are known toxicities of cilta-cel (and 
other CAR Ts), however movement and cognitive disorders (delayed neurotoxicity) and second primary malignancies are an evolving 
concern. In this article we discuss safety and efficacy data from existing cilta-cel studies. We propose that all patients with MM who 
have received ≥4 prior lines of therapy should be considered for CAR T. Earlier line use of CAR T should be restricted to patients with 
a high-risk disease phenotype (eg, functional high-risk disease). This disease phenotype has historically shown poor outcomes with 
standard triplet regimens and would be most likely to benefit from earlier use of CAR T: considering the availability of other safe and 
highly effective therapies, and potential high-risk toxicities of CAR T. 
Keywords: multiple myeloma, ciltacabtagene autoleucel, CAR T, chimeric antigen receptor T cell therapy, relapsed/refractory 
multiple myeloma

Introduction
Advances in the understanding of disease biology and development of novel therapeutic strategies over the past two 
decades have led to a dramatic and continued improvement in overall survival among patients with multiple myeloma 
(MM).1,2 Despite these advancements, MM remains incurable, highlighting the need for further novel and highly 
efficacious treatment strategies.3–6 The introduction of chimeric antigen receptor T-cell therapy (CAR T) transformed 
the treatment landscape of MM, demonstrating remarkable efficacy and a maintenance-free treatment option even among 
patients with heavily pre-treated disease. This is especially true for patients with high-risk diseases, where the median 
progression-free survival is close to 18–24 months and prior treatment options yielded suboptimal outcomes. 
Idecabtagene vicleucel (ide-cel) and ciltacabtagene autoleucel (cilta-cel) are currently the only two CAR T products 
approved by the US Food and Drug Administration (FDA) for use in patients with relapsed/refractory MM (RRMM).7–9 

Both of these target the B-cell maturation antigen (BCMA) on the surface of plasma cells and were initially approved for 
patients who had received at least 4 prior lines of therapy (LOT) including a proteasome inhibitor (PI), an immunomo
dulatory drug (IMiD), and an anti-CD 38 monoclonal antibody (mAb), based on the results from the KarMMa-1 and 
CARTITUDE-1 trials.7,8,10
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These therapeutic indications were expanded in 2024, based on updated results from KarMMa-3 and CARTITUDE-4 
trials.11,12 Currently, ide-cel is approved for patients with RRMM with at least two prior LOT including a PI, an IMiD, 
and an anti-CD 38 mAb, while cilta-cel is approved for use in RRMM patients with at least one prior LOT, including a PI 
and an IMiD, who are refractory to lenalidomide.13,14 With this approval and the increasing use of CAR T outside of 
clinical trials, there is a need to critically assess the role of these therapies in the current RRMM treatment paradigm. 
Further, it is important to identify the patients that are most likely to benefit from the use of CAR T in earlier lines, 
balancing the expected efficacy, toxicity, logistics, and costs of CAR T versus existing traditional therapies. In this 
review, we discuss data from clinical trials and real-world observational studies evaluating the role of cilta-cel for 
RRMM and provide insights on its ongoing and future use for the treatment of RRMM.

Background and Mechanism of Action
All chimeric antigen receptors (CARs) consist of an ectodomain, a transmembrane domain, and an endodomain on the 
finished CAR T-cell. Since the 1990s, several generations of CARs have been developed, which vary based on the 
presence of additional co-stimulatory endodomains. For example, the first-generation CAR T-cells only included the 
CD3ζ signaling domain as a part of their endodomain. Each successive generation of CAR has typically outperformed the 
previous one in terms of efficacy, and in-vivo persistence of CAR T.

Both ide-cel and cilta-cel are autologous second-generation CARs, with anti-BCMA antibodies in the ectodomain, 
along with CD3ζ and a costimulatory 4–1BB domain in the endodomain. However, there are important differences in 
their BCMA-binding ectodomains. While ide-cel consists of a murine-derived anti-BCMA binding domain to target only 
a single epitope of BCMA, cilta-cel consists of two llama-derived heavy monoclonal antibody chains to bind two distinct 
epitopes of BCMA. This biepitopic design confers a higher binding avidity to cilta-cel, leading to enhanced efficacy, and 
partly explaining the lower required CAR T dose for cilta-cel (100–450 × 106 total cells for ide-cel vs 0.5–1 × 106 cells/ 
kg body weight for cilta-cel).7,8,15–19

This cilta-cel CAR construct, was initially referred to as LCAR-B38M, and was studied in humans first in the phase-I 
LEGEND-2 trial in China.20–22 Using an identical CAR construct as LCAR-B38M and an updated manufacturing 
process, this CAR T product was commercialized under the name of cilta-cel (brand name CARVYKTI).15,19

Manufacture and Administration in Clinical Practice
The manufacturing and administration process for cilta-cel, like most other CAR Ts, is time and labor-intensive.17 The 
process starts with the selection of appropriate patients with disease phenotype most likely to benefit from CAR T. These 
patients are then prepared for leukapheresis. A washout period of 14 days is typically used, and any myeloma therapy is 
stopped for at least 14 days (or 7 days for IMiDs) prior to leukapheresis.23 After the collection of peripheral blood 
mononuclear cells, patients can continue to undergo bridging therapy based on the existing disease burden and 
aggressiveness of disease relapse according to the discretion of the treating physician.24,25 In the meantime, the collected 
cells undergo T-cell enrichment and genetic modification via lentivirus transduction to incorporate the new CAR in 
autologous T cells.26 This is followed by extensive in-vitro testing to ensure appropriate product development and 
cytotoxic activity. Finally, the manufactured CAR T product is frozen and transported to the medical facility for infusion.

This entire process can take at least 3–6 weeks, with the median reported time from apheresis to product release of 44 
days (range 25–127 days) in CARTITUDE-4.12 After the successful manufacturing of CAR T-cells, patients undergo 
lymphodepletion therapy with most commonly fludarabine and cyclophosphamide (standard of care) or other regimens 
based on institutional protocols. While the pivotal CARTITUDE trials used fludarabine and cyclophosphamide, the use of 
bendamustine in clinical practice has shown comparable outcomes in the setting of a worldwide fludarabine shortage in 
2022.27,28 Once CAR T cells are administered, patients are monitored closely for unique toxicities including cytokine 
release syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome (ICANS). The infused CAR T cells 
proliferate rapidly after infusion and reach a peak expansion in a median of approximately 13 days (both in 
CARTITUDE-1 and CARTITUDE-4). Various models of inpatient and outpatient administration of commercial CAR 
T have been described, and monitoring and management of toxicities often vary based on respective institutional 
guidelines.29–33
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Efficacy
Relapsed/Refractory Multiple Myeloma: Late Line
LCAR-B38M (subsequently marketed as cilta-cel) was initially studied in the LEGEND-2 study, which began enrollment 
in China in 2016.22 LEGEND-2 was a single-arm Phase I study that enrolled 74 patients with RRMM with a median of 3 
prior LOT who were infused with LCAR-B38M. In the most recent 5-year follow-up analysis, the median progression- 
free survival (PFS) was 18 months, with a median overall survival (OS) of 55.8 months. Overall, 67.6% of patients 
achieved measurable residual disease (MRD) negativity at the 10−4 threshold (Table 1). Of note, the lymphodepletion 
regimen used in this initial study consisted of cyclophosphamide only, as compared to fludarabine plus cyclopho
sphamide subsequently used in the CARTITUDE studies.20–22

The results from the phase I LEGEND-2 study were confirmed in the phase Ib/II CARTITUDE-1 and the Phase II 
CARTIFAN-1 studies. CARTITUDE-1 was a single arm phase Ib/II study of cilta-cel in 97 (113 enrolled, 97 infused) 
patients with RRMM who had received at least 3 prior LOT. In the initial report with a median follow-up of 12.4 months, 
the median PFS and OS were not reached, with the 12-month PFS and OS rates being 77% and 89%, respectively. The 
overall response rate (ORR) was impressive at 97%. A total of 34% of all patients achieved MRD negativity at 10−5, and 
93% of patients evaluable for MRD negativity had achieved an MRD negative status.7 Responses deepened over time, 
with MRD negativity (at 10−5) improving to 44.3% in the updated analyses. In the final report with a median follow-up of 
27.7 months, the median PFS was 34.9 months, while the median OS was still not reached (36-month OS rate 
62.9%).34,35 It is important to note that this was not an intention-to-treat analysis and the highest-risk patients, which 
were enrolled but not infused, were excluded from the analysis.

CARTIFAN-1 was a phase II study of cilta-cel conducted in China, which enrolled 64 patients with RRMM who had 
received at least 3 prior LOT (including a PI and IMiD). In contrast to CARTITUDE-1, prior exposure to an anti-CD 38 
mAb was not a requirement for this study. Among the 48 patients that were infused with cilta-cel, the 18-month PFS and 
OS rates were 66.8% and 78.7% respectively (median PFS and OS not reached).36 A total of 77.1% of patients achieved 
a complete response (CR) or better with cilta-cel, and 72.9% achieved MRD negativity at the 10−5 threshold.

CARTITUDE-2 is an ongoing phase II multi-cohort study, with eight described cohorts (cohorts A-H).4,19,37–41 

Interim data from cohorts A-D have been described thus far. CARTITUDE-2 cohort A included 20 patients with RRMM 
who had received 1–3 prior LOT including a PI and an IMiD and were lenalidomide refractory.44 In the most recent 
report with a median follow-up of 29 months, the 24-month PFS and OS rates were both 75%.37–39 Cohort B included 
patients with RRMM who had received one prior PI and IMiD-containing line, and experienced disease progression ≤12 
months after the start of frontline therapy, or ≤12 months after frontline autologous stem cell transplantation (ASCT), if 
patients had had an ASCT. This cohort included a population that has been historically described as functional high-risk 
myeloma, which is less likely to respond to subsequent traditional therapies.45 At a median follow-up of 27.9 months, the 
19 infused patients in cohort B had an ORR of 95%, and a 24-month PFS and OS of 73% and 84%, respectively.37–39

CARTITUDE-2 cohort C included 20 patients with heavily pre-treated RRMM (median of 8 prior LOT), who had 
previously been exposed to a PI, IMiD, an anti-CD38 mAb, and a non-CAR T BCMA-directed therapy (antibody drug 
conjugate or bispecific antibody).40 Cohort C also represents a difficult to treat disease phenotype, which has already 
been exposed to most available drugs and drug classes. At a median follow-up of 11.3 months, cilta-cel demonstrated an 
ORR of 60%, along with an MRD negativity rate of 35% among all patients. The median PFS was 9.1 months, and the 
median duration of response was 11.5 months in this heavily pre-treated cohort.

CARTITUDE-2 cohort D results were recently presented. Cohort D included 17 patients with newly diagnosed MM 
who received 4–8 cycles of induction therapy with or without ASCT and did not achieve a CR with this first-line therapy. 
The trial evaluated the use of cilta-cel with or without lenalidomide maintenance. Overall, 12 patients received cilta-cel 
in combination with lenalidomide, and five cilta-cel alone. At a median follow-up of 22 months, the ≥ CR rate was 94%, 
and 18-month PFS and OS were 94% each.41 Longer-term follow-up of this trial would help assess the role of CAR T as 
consolidation/salvage therapy after suboptimal response (<CR) to standard first-line induction and ASCT.

A recent large real-world study from the US MM Immunotherapy Consortium reported outcomes of 255 patients (255 
apheresed, 236 infused) treated with commercial cilta-cel at 16 US academic centers.42 The ORR was 89% (≥ CR rate 
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Table 1 Clinical efficacy of Ciltacabtagene Autoleucel

Study Reference Phase Regimen N Setting Median 
Follow 
Up

ORR CR 
rate

MRD Negativity 
(Threshold)

PFS P value 
for PFS

OS P value 
for OS

LEGEND-2 
(NCT03090659)

[20–22] I Cilta-cel 74 RRMM (median 
3 prior LOT)

65.4 
months

87.8% 73% 67.6% (10−4) 18 months – 55.8 months –

CARTITUDE-1 
(NCT03548207)

[7,34,35] I Cilta-cel 97 RRMM (≥ 3 
prior LOT)

33.4 
months

97% 82.5% 44.3% (10−5) 34.9 months – NR  
(62.9% at 36 months)

–

CARTIFAN-1 
(NCT03758417)

[36] II Cilta-cel 48 RRMM (≥ 3 
prior LOT)

18 
months

89.6% 77.1% 72.9% (10−5) NR  
(66.8% at 18 months)

– NR  
(78.7% at 18 months)

–

CARTITUDE-2 
(NCT04133636)

II Cilta-cel Multi-cohort 
(RRMM, 
NDMM)

CARTITUDE-2 
Cohort A

[37–39] II Cilta-cel 20 RRMM (1–3 
prior LOT, len 
refractory)

29.9 
months

95% 90% 40% (10−5) NR  
(75% at 24 months)

– NR  
(75% at 24 months)

–

CARTITUDE-2 
Cohort B

[37,38] II Cilta-cel 19 1 prior LOT 
(including PI and 
IMiD, disease 
progression ≤ 
12 months from 
diagnosis or 1L 
ASCT)

27.9 
months

95% 90% 53% (10−5) NR  
(73% at 24 months)

– NR  
(84% at 24 months)

–

CARTITUDE-2 
Cohort C

[40] II Cilta-cel 20 RRMM, exposed 
to PI, IMiD, anti- 
CD 38 mAb, 
and BCMA- 
directed non- 
cellular therapy

11.3 
months

60% 30% 35% (10−5) 9.1 months – NR –

CARTITUDE-2 
Cohort D

[41] II Cilta-cel ± len 17 NDMM, < CR 
after 1L ASCT

22 
months

94% 94% 80%  
(12/15 evaluable 
patients, 10−5)

NR  
(94% at 18 months)

– NR  
(94% at 18 months)

–

Real-world 
retrospective 
study

[42] Retrospective Cilta-cel 236 RRMM (median 
6 prior LOT)

13 
months

89% 70% 95%  
(93/98 patients with 
available data)

NR  
(68% at 12 months)

– NR  
(82% at 12 months)

–

CARTITUDE-4 
(NCT04181827)

[12,43] III Cilta-cel 208 RRMM (1–3 
prior LOT)

33.6 
months

84.6% 73.1% 62% NR  
(59.4% at 30 months)

<0.0001 NR  
(76.4% at 30 months)

0.0009

DPd or VPd 208 RRMM (1–3 
prior LOT)

67.3% 21.8% 18.5% 11.8 months NR  
(63.8% at 30 months)

Abbreviations: ORR, overall response rate; CR, complete response; MRD, measurable residual disease; PFS, progression free survival; OS, overall survival; RRMM, relapsed/refractory multiple myeloma; LOT, lines of therapy; NT, not 
reached; NDMM, newly diagnosed multiple myeloma; len, lenalidomide; PI, proteasome inhibitor; IMiD, immunomodulatory drug; 1L first line; ASCT, autologous stem cell transplantation; BCMA, B-cell maturation antigen; DPd, 
daratumumab, pomalidomide, and dexamethasone; VPd, bortezomib, pomalidomide, and dexamethasone.
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70%), and of 98 patients with MRD data available, 93 (95%) were able to achieve MRD negativity at the 10−5 threshold. 
At a median follow-up of 13 months, the 12-month PFS was 68% (median PFS not reached) and the 12-month OS was 
82%. These were somewhat lower than those reported in CARTITUDE-1; however, it is noteworthy that about half 
(54%) of patients in the study did not meet CARTITUDE-1 eligibility criteria (including 14% having prior exposure to 
a BCMA-directed therapy). Notably, the ORR and CR rates of the subgroup of patients treated with commercial in 
specification/conforming cilta-cel were 94% and 74%, while in the CARTITUDE-1 eligible patient subgroup, these were 
93% and 74%, respectively, all of which are very similar to CARTITUDE-1, highlighting the overall efficacy of cilta-cel 
in a real-world setting as well.7,42

Several subgroups, however, did not derive an equal efficacy benefit with cilta-cel, including patients with extra
medullary disease, prior BCMA-directed therapy exposure, and poor performance status at CAR T infusion. These 
populations remain an unmet need even with highly effective therapies. Notably, patients with extramedullary disease 
constitute a population with particularly dismal outcomes. Most recently, the RedirecTT-1 Phase 1b/2 study showed 
a relatively high response rate (59%) with the bispecific antibody combination of teclistamab and talquetamab across all 
dose levels in RRMM patients with extramedullary disease (61% with the recommended Phase 2 regimen).46 The 
likelihood of patients continuing in response at 18 months was 82% among those with extramedullary disease who 
received the recommended phase 2 regimen, and the 18-month PFS rate for these patients was 53%. Given these 
impressive outcomes, bispecific combination may become the preferred regimen in heavily pretreated patients with 
extramedullary disease soon, even among those who qualify for standard-of-care or experimental CAR T-cell therapies. 
More prospective and real-world data are eagerly awaited, particularly for these high-risk subgroups.

Relapsed/Refractory Multiple Myeloma: Early Line
CARTITUDE-4 was a pivotal Phase III randomized controlled trial that randomized 419 patients with lenalidomide 
refractory, early relapsed MM (1–3 prior LOT) to receive either cilta-cel or standard of care triplet regimens based on 
physician’s choice.12 The control arm regimens included bortezomib, pomalidomide, and dexamethasone (VPd) or 
daratumumab, pomalidomide, and dexamethasone (DPd). Patients in the cilta-cel arm received at least one cycle of 
bridging therapy with the same control arm regimens (VPd or DPd). In the most recent presentation with a median 
follow-up of 34 months, the median PFS was not reached for the cilta-cel arm (30-month PFS 59.4%) while the PFS for 
the control arm was 11.8 months (30-month PFS 25.7%), p < 0.001. Although the median OS was not reached in either 
arm, the cilta-cel arm had a significantly better 30-month OS rate (76.4% vs 63.8%, HR = 0.55, p = 0.0009).43 The 
observed improvement in OS marks an important milestone in the treatment of RRMM, demonstrating the clinical benefit 
of the use of cilta-cel in as early as the first relapse, and its use leading to improved outcomes as compared to standard of 
care daratumumab containing triplet regimens. Based on the impressive results of CARTITUDE-4, the FDA approved its 
use in earlier lines of therapy in April 2024.

CARTITUDE-4 is similar in design and interpretation to its counterpart KarMMa-3 trial that studied ide-cel.11 

KarMMa-3 randomized 386 patients with early relapsed RRMM (2–4 prior LOT) to receive ide-cel vs standard of care 
triplet regimens. KarMMa-3 allowed a greater number of options for the control arm regimens – including DPd, DVd, 
ixazomib, lenalidomide, and dexamethasone; carfilzomib and dexamethasone; or elotuzumab, pomalidomide, and 
dexamethasone. At a median follow-up of 30.9 months, the PFS was significantly better with ide-cel vs standard of 
care (13.8 vs 4.4 months). However, there was no significant difference in the OS between the two arms (41.4 months for 
ide-cel vs 37.9 months for control, HR = 1.01, 95% CI: 0.73–1.40).47

With a higher efficacy observed in the pivotal trials and demonstrated improvement in OS, cilta-cel is often 
considered the preferred CAR T for use in patients with RRMM. This is further consolidated by a recent retrospective 
inverse probability of treatment weighting matched analysis of ide-cel vs cilta-cel among 586 patients.48 However, data 
from CARTITUDE-4 in the context of KarMMa-3 results should be interpreted with a few caveats. First, the allowed 
regimens in the control arm (DPd and VPd) of CARTITUDE-4 did not allow for potentially highly effective carfilzomib- 
based regimens, although around 80% of patients in the standard-of-care arm were not refractory to carfilzomib.12,49 This 
might partly account for the lower PFS seen in the control arm in this trial. Second, the trial population in CARTITUDE- 
4 represented a less pre-treated disease (median 2 versus 3 prior LOT, 14–16% versus 65–67% patients with triple class 
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refractory disease, when compared to KarMMa-3), limiting comparisons of efficacy between the two CAR T products 
across these trials.50 Third, the cilta-cel arm in CARTITUDE-4 was required to have received at least one cycle of 
bridging therapy, as compared to a maximum of one cycle of bridging therapy in the ide-cel arm in KarMMa-3.47 Finally, 
while KarMMa-3 allowed patients in the standard regimens arm to cross over to ide-cel upon progression, this was not 
allowed in CARTITUDE-4. This is important to consider since CARTITUDE-4 did demonstrate an improvement in OS, 
and a lack of per protocol cross over does limit the interpretability of these results while considering the benefit of earlier 
vs later use of cilta-cel for RRMM.

Newly Diagnosed Multiple Myeloma
Several important CARTITUDE trials are ongoing, to assess the use cilta-cel in newly diagnosed MM (NDMM). The 
idea is based on the excellent CARTITUDE-4 results, demonstrating the utility of earlier use of cilta-cel. Since patients 
with MM undergo attrition with each successive line of therapy, there are ongoing clinical and research efforts to try to 
use the best available MM therapies as early as possible, to get the deepest possible response with first-line 
therapy,51,52 a concept that is particularly relevant in patients with high-risk cytogenetics or functional high-risk 
MM. While clinical data from these frontline cilta-cel trials are awaited, these would be crucial in exploring this 
important concept of frontline use of a highly efficacious CAR T product for MM. Brief designs of these ongoing trials 
are described below.

As previously described, CARTITUDE-2 (NCT04133636) is an ongoing multi-cohort study, with data from 
cohorts A-D discussed above. Cohort E is designed to evaluate cilta-cel in patients with NDMM, who are considered 
high risk due to the presence of: International Staging System (ISS) stage III disease or high-risk cytogenetic 
features del(17p), t(14; 16), t(14; 20), or 1q amplification.53 Cohort F will evaluate the role of cilta-cel as 
consolidation therapy in patients with NDMM who have received 4–8 cycles of induction therapy with daratumu
mab or carfilzomib-based triplet and quadruplet regimens and have at least a very good partial response to induction 
therapy. Cohort G will evaluate cilta-cel after ~4 cycles of induction with daratumumab, lenalidomide, and 
dexamethasone (DRd) in patients with NDMM who are not intended to undergo upfront ASCT. Finally, cohort 
H will evaluate cilta-cel infusion (similar to cohort G design) after ~4 cycles of daratumumab, bortezomib, 
lenalidomide, and dexamethasone (DVRd) in patients with NDMM who are considered a candidate for front line 
high-dose chemotherapy and ASCT.

CARTITUDE-5 plans to evaluate cilta-cel in patients with NDMM who are not considered candidates for ASCT, or in 
whom ASCT is not planned as part of first-line therapy. Patients will undergo induction with ~6 cycles of VRd, followed 
by 1:1 randomization to either 2 additional cycles of VRd followed by Rd maintenance; or 2 additional cycles of VRd 
followed by apheresis, VRd bridging, and cilta-cel infusion followed by no maintenance therapy. This trial would be 
important in assessing the utility of CAR T therapy in patients who otherwise would not have received ASCT as first-line 
therapy.54 CARTITUDE-6 plans to compare the upfront use of DVRd followed by cilta-cel versus DVRd followed by 
ASCT in transplant-eligible NDMM patients. Patients will be randomized to either 4 cycles of DVRd, ASCT, DVRd 
consolidation, and lenalidomide maintenance; or 6 cycles of DVRd, cilta-cel infusion, followed by lenalidomide 
maintenance.55

Smoldering Multiple Myeloma
The timing of treatment and choice of therapy for smoldering MM continues to be a point of debate.56,57 There are efforts 
towards using aggressive MM therapy, in patients with high-risk smoldering MM, as an effort to potentially cure some of 
these patients at an early stage and prevent progression to symptomatic MM. CAR-PRISM is a single-arm phase-II study 
evaluating the use of cilta-cel in patients with high-risk smoldering MM. Of a total planned enrollment of 20 patients, 
data from 6 patients in the safety run-in phase have been presented, with all (100%) patients achieving MRD negativity 
(10−6). At a median follow-up of 6 months, CRS events were low grade, along with no ICANS events.58 Long-term 
follow-up of this cohort will shed light on the durability of the observed responses, and one possible approach towards 
a cure of MM via early aggressive intervention.
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Combination With Other Plasma Cell-Directed Therapies
The current use of standard-of-care cilta-cel employs a maintenance/consolidation-free treatment paradigm. However, the 
benefit of maintenance therapy in the post-CAR T setting remains under investigation, and data from most of these 
studies are not yet mature. CARTITUDE-2 cohort D evaluated 12 patients with NDMM with suboptimal response to 
first-line therapy, who received cilta-cel followed by lenalidomide maintenance.41 A phase II study (NCT06179888) is 
currently recruiting patients and plans to study the utility of iberdomide maintenance versus observation after cilta-cel 
administration. Two reports have previously demonstrated the possible benefits of using pomalidomide after BCMA- 
directed CAR T.59,60 Finally, the MonumenTAL-8 (NCT06550895) study is evaluating the use of the novel bispecific 
antibody, talquetamab, as consolidative therapy after cilta-cel and is currently recruiting.

Safety
CRS and ICANS are toxicities associated with most immune-directed therapies for hematologic malignancies, including 
CAR T and bispecific antibodies.61–64 Additionally, hematologic toxicities, including thrombocytopenia and high-grade 
neutropenia have been reported in clinical trials. A significant incidence of second primary malignancies (SPMs) has 
been noted, including myeloid neoplasms and T-cell lymphomas, although the direct causal association of cilta-cel with 
these SPMs is still controversial.

Cytokine Release Syndrome (CRS)
CRS is a syndrome characterized by endothelial activation and release of pro-inflammatory cytokines by the CAR T cells, 
which leads to activation of immune and other bystander cells, and causes clinical manifestations of fever, hypoxia, 
hypotension, and systemic inflammatory response.5,65 In early cilta-cel trials (LEGEND-2, CARTITUDE-1) that included 
heavily pre-treated RRMM, almost all patients (>90%) had CRS of any grade, with severe (≥ grade 3) CRS occurring in 
4–7% of patients (Table 2). As cilta-cel has been studied in relatively earlier lines of therapy (CARTITUDE-4: 1–3 prior 
LOT, CARTITUDE-2 cohort B: 1 prior LOT, CARTITUDE-2 cohort D: NDMM), the rates of CRS have been lower 
(~70–80% for any grade CRS, 0–5% for ≥ grade 3 CRS).7,22,37–39,41,66 While cross-trial comparisons, like these, are 
always limited by the inherent differences in patient populations, these data could provide an indication of improving the 
tolerability of cilta-cel in RRMM with a lower prior treatment burden. Conversely, it is important to recognize that the 
lower rates of severe CRS are also a consequence of the lower treatment burden and more effective bridging therapy 
response in earlier lines of therapy.

Neurotoxicity
The pathophysiology of CAR T-associated neurotoxicity remains poorly understood, although mechanisms of endothelial 
activation similar to CRS, causing cytokine release, systemic inflammation, and disruption of the blood–brain barrier 
have been proposed.67 ICANS (initially described as “CAR T-cell related encephalopathy syndrome”) is usually an early, 
short-duration syndrome of encephalopathy, characterized by confusion and depressed levels of consciousness; however, 
it can be associated with cerebral edema, increased intracranial pressure, seizures, and death in its most severe form.7,66 

Several neurotoxicity symptoms (eg, peripheral motor and/or sensory neuropathy, such as Guillain Barre syndrome, 
nerve palsies, diplopia, sensory loss, gait disturbance, and parkinsonism) do not meet the definition of ICANS and have 
been described as “non-ICANS” or “other neurotoxicity” with both cilta-cel and ide-cel.7,68,69 A specific subset of non- 
ICANS neurotoxicity is a cluster of movement disorders (eg, tremors, micrographia, rigidity, and parkinsonism), 
cognitive disturbances (eg, memory impairment), and personality changes, which were observed in patients enrolled in 
CARTITUDE-1 and are referred to as delayed neurotoxicity, and specifically as movement and neurocognitive treatment- 
emergent adverse events (MNTs).68 It is important to note that ICANS, non-ICANS neurotoxicity including MNTs can 
have overlapping symptoms and presentations, and most patients that later developed MNTs (5 out of 6 in CARTITUDE- 
1), also had ICANS with the initial infusion.34,68

While MNTs including parkinsonism were initially thought to be mostly related to cilta-cel, a recent report has 
identified a case of movement disorder after ide-cell as well, although much less frequently.70–72 The occurrence of 
movement disorders with therapy is concerning, especially as cilta-cel (and other CAR T) trials study their use in the 
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front-line setting. Further, data on the reversibility of these symptoms have been limited. Although there are not yet 
concrete predictors of MNTs after CAR T, the overall idea is that a lower disease burden while receiving CAR T might be 
able to offset some of these neurotoxic syndromes. For example, the incidence of ICANS and non-ICANS neurotoxicity 
was 21.6% (6.2% incidence of MNTs) in CARTITUDE-1, which was higher than that seen in CARTITUDE-4 (4.5% 
ICANS, 0.6% MNTs) with a similar follow-up period. To this point, effective bridging therapy prior to CAR T and close 
monitoring for neurotoxicity in the post CAR T period are crucial. The incidence of ICANS and MNTs seen with cilta-cel 
studies are summarized in Table 2.

Hematologic Toxicities
Hematologic toxicities (anemia, neutropenia, and thrombocytopenia) have been common adverse events associated with 
cilta-cel. Severe (≥ grade 3) thrombocytopenia was seen in 54.2–59.8% patients in late line CARTITUDE-1 and 
CARTIFAN-1 trials, as compared to 41.3% in CARTITUDE-4, following the overall trend of lower toxicities with 
earlier use of cilta-cel.7,36 Neutropenia was seen very frequently seen both in late line trials (85.3–97.9%), and in 
CARTITUDE-4 (89.9%).7,12,36 Of note, among all neutropenia events reported in these trials, most (>99%) were ≥ grade 
3.73 Even when cilta-cel was used in earlier relapsed MM, the observed rates of neutropenia were mostly unchanged, 
suggesting that it might be related to cilta-cel administration itself, rather than the burden of disease or prior treatment 
history (Table 2).

Second Primary Malignancies
Second primary malignancies (SPMs), including non-melanoma skin cancers, have been observed with the use of cilta- 
cel in up to ~22% patients in CARTITUDE-1, and to a lesser extent ~4–5% in CARTITUDE-4 and real-world data.7,12,42 

The occurrence of SPMs after cilta-cel and CAR T in general is under investigation, and it is not yet well known if SPMs 
are a consequence of CAR T or prior treatment-related factors. When considering all types of SPMs, the control arm of 
CARTITUDE-4 (with no or minimal crossover) also had a 6.7% incidence of SPMs versus the cilta-cel arm (4.3%).

There are several arguments against the association of CAR T with SPMs. First, the patients that currently receive 
CAR T in most cases, have disease that has already been exposed to most available therapies, many of which are also 
associated with SPMs (such as long-term lenalidomide maintenance, alkylating agent use, high-dose melphalan and 
ASCT).74,75 Despite this, the SPM incidence in CARTITUDE-4 (4.3%) was similar to that of many late-line cilta-cel 
trials (5.4% in LEGEND 2, 4.3% in the real-world study). Another point is that patients who receive CAR T are now 
living longer than before, which gives a greater opportunity for SPMs to develop and be detected.74 A recently published 
meta-analysis evaluating all CAR T therapies for hematologic malignancies found no increased risk of SPMs with CAR 
T as compared to conventional standard-of-care therapies.76

Nevertheless, secondary hematologic malignancies, especially difficult-to-treat secondary myeloid and aggressive 
T-cell malignancies, are the biggest concern.77–80 Although the control arm in CARTITUDE-4 had a higher incidence of 
all SPMs (6.7% vs 4.3% with cilta-cel), this was mostly driven by cutaneous and non-invasive malignancies (4.8% of 
6.7% in the control arm). Overall, 1% (n = 2) in the cilta-cel arm developed acute myeloid leukemia and myelodysplastic 
syndrome, compared to 0 in the control arm. Ten out of ninety-seven patients (10.3%) treated with cilta-cel in 
CARTITUDE-1 developed secondary myeloid malignancies. In the real-world study, 1.3% of all patients developed 
myeloid malignancies/acute leukemia in a relatively short follow-up of 13 months. SPMs continue to be a concern, and 
as such, the risk of SPMs should be carefully discussed with the patient, similar to other MM treatments carrying 
a similar risk.81

Patient Selection, Place in Current Treatment Landscape
Overall, cilta-cel has demonstrated remarkable activity in both early and later lines of therapy for RRMM. Notably, it is 
a maintenance-free treatment option, which is important for patients’ quality of life, who often need to receive continuous 
therapy without breaks until progression. The CARTITUDE-4 trial showed significant improvements in PFS with earlier 
use of cilta-cel as compared to standard triplet regimens. However, the lack of cross-over limits the interpretation and 
does not completely answer the question of whether there is OS benefit with early vs later line use of cilta-cel.
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Table 2 Safety of Ciltacabtagene Autoleucel in Clinical Studies

Study Reference Phase Regimen N Setting Median 
Follow 
Up

CRS  
(≥ grade 3)

ICANS  
(≥ grade 3)

MNTs Anemia 
(≥grade 3)

Neutropenia 
(≥ grade 3)

Thrombocytopenia 
(≥ grade 3)

SPMs

LEGEND-2 
(NCT03090659)

[20–22] I Cilta-cel 74 RRMM (median 3 prior LOT) 65.4 
months

91.9% (7%) 1.3% (0%) 0% 30% (18%) 85.3% ≥ grade 
3

49% (23%) 5.4%

CARTITUDE-1 
(NCT03548207)

[7,34,35] I Cilta-cel 97 RRMM (≥ 3 prior LOT) 33.4 
months

94.8 (4.1%) 21.6%* 
(11.3%) *

6.2% 81.4% 
(68%)

95.9% (94.8%) 79.4% (59.8%) 22.6%

CARTIFAN-1 
(NCT03758417)

[36] II Cilta-cel 48 RRMM (≥ 3 prior LOT) 18 
months

97.9% (35.4%) 2.1% (0%) 2.1% 100% 
(52.1%)

97.9% (97.9%) 87.5% (54.2%) –

CARTITUDE-2 
(NCT04133636)

II Cilta-cel Multi-cohort (RRMM, NDMM)

CARTITUDE-2 
Cohort A

[37–39] II Cilta-cel 20 RRMM (1–3 prior LOT, len 
refractory)

29.9 
months

95% (10%) 15% (0%) 0% 75% (45%) 95% (95%) 80% (40%) 0%

CARTITUDE-2 
Cohort B

[37,38] II Cilta-cel 19 1 prior LOT (including PI and 
IMiD, disease progression ≤ 12 
months from diagnosis or 1L 
ASCT)

27.9 
months

84.2% (5.3%) 5.3% (0%) 5.3% (5.3%) 57.9% 
(47.4%)

94.7% (84.5%) 57.9% (26.3%) 5.3%

CARTITUDE-2 
Cohort C

[40] II Cilta-cel 20 RRMM, exposed to PI, IMiD, 
anti-CD 38 mAb, and BCMA- 
directed non-cellular therapy

11.3 
months

60% (0%) 20% (10%) 0% 70% (55%) 85% (85%) 80% (70%) 0%

CARTITUDE-2 
Cohort D

[41] II Cilta-cel 
± len

17 NDMM, < CR after 1L ASCT 22 
months

82% (0%) 6% (0%) 0% – 94% (-) 47% (-) 5.8%

Real-world 
retrospective 
study

[42] Retrospective Cilta-cel 236 RRMM (median 6 prior LOT) 13 
months

75% (5%) 32% (14%) 10% 
(including 
other non- 
ICANS 
neurotoxicity)

37% ≥ 
grade 3

80% ≥ grade 3 53% ≥ grade 3 4.3%

CARTITUDE-4 
(NCT04181827)

[12,43] III Cilta-cel 208 RRMM (1–3 prior LOT) 33.6 
months

76% (1%) 4.5% (0.1%) 0.6% 54% (35%) 89.9% (89.9%) 54.1% (41.3%) 4.3%

DPd or 
VPd

208 RRMM (1–3 prior LOT) 0% (0%) 0% (0%) 0% 26% (14%) 85.1% (82.2%) 31.2% (18.8%) 6.7%

Note: *Includes MNTs and other non-ICANS neurotoxicity. 
Abbreviations: CRS, cytokine release syndrome; ICANS, immune effector cell-associated neurotoxicity syndrome; MNTs, movement and neurocognitive treatment emergent adverse events; SPMs, second primary malignancies; RRMM, 
relapsed/refractory multiple myeloma; LOT, lines of therapy; PI, proteasome inhibitor; IMiD, immunomodulatory drug; 1L, first line; ASCT, autologous stem cell transplantation; BCMA, B-cell maturation antigen; NDMM, newly diagnosed 
multiple myeloma; CR, complete response; DPd, daratumumab, pomalidomide, and dexamethasone; VPd, bortezomib, pomalidomide, and dexamethasone.
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The recent FDA approvals of cilta-cel and ide-cel into earlier lines, as well as the approvals of other novel BCMA- 
directed and non-BCMA-directed therapies, particularly bispecific antibodies (bsAb), for heavily pretreated patients after 
four or more prior lines have radically changed the treatment paradigm of RRMM. Both CAR T products and bsAbs 
share similar approval indications, and given the incurable nature of myeloma, most patients will likely receive both drug 
classes sequentially during their disease course. Optimal sequencing of these agents remains unclear, and treatment 
selection is mostly influenced by patient parameters, disease characteristics, patient and physician preference, and 
logistics.

None of these therapies have been compared head-to-head in randomized trials. Recent real-world data suggested 
higher efficacy but also higher toxicity with cilta-cel compared to ide-cel in heavily pretreated patients.48 Although cross- 
trial comparisons are challenging due to different patient populations included, it appears that, numerically, responses and 
progression-free survival with cilta-cel are better compared to BCMA-directed bispecific antibodies (teclistamab and 
elranatamab) in heavily pretreated patients with four or more lines of therapy (ORR: 97.9% cilta-cel, 63% teclistamab, 
61% elranatamab).63,82,83 However, patients who are selected and ultimately infused with CAR T tend to have a slower 
disease tempo and otherwise favorable performance status, which limits direct comparisons of these trials.

Notably, the administration of CAR T is a time and resource-intensive process requiring apheresis, CAR T-cell 
manufacture, and lymphodepleting chemotherapy, as compared to bispecific antibodies, which are readily available off- 
the-shelf and can be used immediately for patients who are rapidly progressing requiring prompt treatment initiation. 
CAR T is not widely available across the globe and can only be given in accredited tertiary centers, thus there are 
limitations on access based on geographical location. Patients who are treated with CAR T need to either travel or 
temporarily relocate close to the CAR T center, as the early post-infusion period includes several restrictions and close 
monitoring, all of which may represent significant barriers.31,32,84

Another important aspect to consider is the safety profile of cilta-cel as compared to ide-cel and bsAb. Overall, CAR 
T administration requires a good performance status and adequate organ function to avoid excess toxicity. Cilta-cel 
appears to lead to higher rates of immune-mediated adverse events including severe CRS, and infections compared to 
ide-cel in heavily pretreated patients. In addition, cilta-cel demonstrated a higher incidence and severity of CRS and 
ICANS, compared to bsAb, making it a less appealing option for frail and unfit patients. Most importantly, cilta-cel has 
been linked with unique non-ICANS delayed MNTs such as nerve palsies, Guillain–Barré syndrome, and parkinsonism. 
Moreover, there are reports that both ide-cel and cilta-cel have been linked to secondary primary hematologic malig
nancies (SPMs). Although low in incidence, both delayed neurotoxicities and SPMs can be severely debilitating and even 
life-threatening and should be weighed against the benefits as cilta-cel is used in earlier lines. All the above should be 
taken into consideration and discussed with patients during the treatment selection process.

Data on sequencing BCMA-directed therapies are limited, and future emerging data will be crucial in shaping the 
treatment course of RRMM. The currently available literature suggests that the durability of responses with anti-BCMA 
CAR T seems to be inferior when given after a BCMA-directed bispecific antibody.40,85 Likewise, BCMA-directed 
bispecific antibodies may also have lower response rates and durability in patients with prior exposure to BCMA-directed 
CAR T.86–88 Longer time between BCMA-directed therapies may lead to better outcomes. Overall, for patients who are 
both CAR T and bsAb eligible, we believe that CAR T before vbsAb is the best approach, as this may lead to the best 
cumulative survival.89 One possible explanation for these findings could be that the treatment-free interval following the 
CAR T infusion may lead to less T-cell exhaustion.

Overall, the goal of RRMM treatment is to select the best strategy based on patient parameters and disease 
characteristics for achieving a deep and durable response as early as possible in the disease course. Taken together, 
we believe that patients with RRMM who meet the FDA criteria for cilta-cel should be referred for an initial CAR 
T evaluation in a tertiary center. Given concerns for non-ICANS and delayed neurotoxicity, cilta-cel use at first relapse 
should be restricted to patients with a high-risk disease phenotype including patients with ultra high-risk disease 
(presence of 2 or more high-risk cytogenetic abnormalities), and functional high-risk myeloma, such as patients who 
are refractory to quadruplet frontline therapy or patients who relapse very quickly after front-line ASCT. This disease 
phenotype has historically shown poor outcomes with standard triplet regimens and would be most likely to benefit from 
earlier use of cilta-cel.90 For later relapses, if the patient has not received commercial CAR T, we prefer the use of cilta- 
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cel or ide-cel first over bsAb, if possible and clinically appropriate. For later relapses, other options physicians should 
strongly consider include enrollment in clinical trials evaluating experimental BCMA and non-BCMA CAR Ts. 
A proposed treatment algorithm for RRMM incorporating cilta-cel is described in Figure 1.

Figure 1 Proposed treatment algorithm for relapsed/refractory multiple myeloma. 
Abbreviations: RRMM, relapsed/refractory multiple myeloma; LOT, line(s) of therapy; ASCT, autologous stem cell transplantation; 1L, first line; quad, quadruplet regimen; 
CAR T, chimeric antigen receptor T-cell therapy, cilta-cel, ciltacabtagene autoleucel; ide-cel, idecabtagene vicleucel.
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Future Directions
At present, cilta-cel is an important cornerstone in the current treatment landscape of RRMM. However, the evaluation of 
cilta-cel in the upfront setting for NDMM as well as the development and future approval of other BCMA (eg, 
anitocabtagene autoleucel) and non-BCMA CAR Ts (eg, arlocabtagene autoleucel) will determine how the role of cilta- 
cel will continue to evolve as the choice of regimen at different time points during the disease course. Recently presented 
data reported an ORR of 97% with anitocabtagene autoleucel, which is very similar to the ORR of cilta cel, however, no 
delayed or non-ICANS neurotoxicities were observed after a median follow-up of almost 10 months. Lack of delayed 
neurotoxicity might have significant implications on CAR T product selection, as clinicians remain concerned with 
delayed and potentially irreversible neurotoxicity with cilta-cel. Arlocabtagene autoleucel is an anti-GPRC5D CAR 
T product and might also play a role in the future treatment paradigm of MM. Recent data showed that arlocabtagene 
autoleucel maintained its good response and PFS in patients previously exposed to BCMA-directed therapies, with 
a relatively manageable toxicity profile, including less than 20% rate of severe infections, a common treatment-emergent 
adverse event of anti-BCMA CAR Ts.91–93

Future research priorities for cilta-cel include safety optimization and earlier identification of patients likely to 
develop delayed and non-ICANS neurotoxicity. Long-term follow-up from trials evaluating cilta-cel in early relapse 
and frontline settings might help assess the role of prior disease and treatment burden in the development of these 
toxicities. Despite excellent efficacy, patients still experience disease progression after cilta-cel, and the role of main
tenance therapy after CAR T infusion is under investigation. Apart from the well-known logistic and time burdens of pre- 
CAR T care, the management of patients post CAR T infusion is equally complicated, as patients can often experience 
long-term hematologic toxicities and recurrent infections. In this context, research efforts towards optimizing supportive 
care after cilta-cel are ongoing and essential.
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