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The time line of CAR T-cell development

Adapted from Phaik Ju Teoh. Blood Cancer Journal. 2021.

FDA and EMA approval for 
Ide-cel (bb2121) for 

myeloma



Personalization of therapy

Process of providing personalized medical care to
particular patients based on various features including
genetics, inheritance, and lifestyle.

Represent a current strategic goal for improving health
care.



Heterogeneity and resistance of MM subclones

Lekha Mikkilineni. Nature Reviews Clinical Oncology 2020 

Early intervention with the aim to
eradicate highly-resistant
subclones



Phase II KarMMa Update CARTITUDE-1 CARTITUDE-2
COHORT A              COHORT B   



Potential target antigens for CAR-T therapy for mutiple myeloma

Bruno B. Haematologica 2021.



GPRC5D-Targeted CAR T-Cell Therapy MCARH109 in R/R MM

Mailankody. ASH 2021. Abstr 827.



Dual-Targeted CAR T-Cell Therapy GC012F: Phase I Study in R/R MM

Boucher. Clin Cancer Res. 2012;18:6155. Nerreter. Nat Commun. 2019;10:3137. 
Munshi. NEJM. 2021;384:705. Du. ASCO 2022. Abstr 8005.

Cytokine-release syndrome 
‒ Managed with tocilizumab, vasopressors, and dexamethasone
‒ Median time to CRS onset: 6 days 

(range: 2-10)
‒ Median CRS duration: 3 days (range: 1-8)

*Includes 27 total patients; 1 patient who received 
DL3 was unevaluable. MRD negativity defined as 
10-4 by flow cytometry (n = 7) or 10-6 by EuroFlow 
(n = 20).

§ Time to earliest objective response: 
28 days (first assessment timepoint)

§ Median DoR not yet reached 

§ Best response achieved to date: 

‒ MRD-negative CR/sCR: 75% 
(21/28)

‒ ≥ VGPR: 86% (24/28)

§ All patients demonstrated reductions 
in paraprotein

‒ 96% of patients achieved >80% 
reductions

‒ 82% of patients achieved 100% 
reductions



Allogeneic BCMA-targeting CAR T cells in relapsed/refractory multiple myeloma: 
phase 1 UNIVERSAL

Sham Mailankody. Nature Medicine 2023 

At a median follow-up of 10.2 months, 24 of 43 patients (55.8%) had a response, with 15 patients (34.9%) experiencing
a very good partial response or better (VGPR+). Responses were observed in 0 of 3 patients receiving DL1, 2 of 7
patients receiving DL2 (28.6%), 19 of 27 patients receiving DL3 (70%) and 3 of 6 patients receiving DL4 (50%). Based on
clinical responses and cellular kinetics, DL3 (320 × 106 CAR+ cells) FCA39, FCA60 or FCA90 LD was expanded to treat
additional patients (n = 24; 11 with FCA39 LD, 10 with FCA60 and 3 with FCA90). Among these patients, 17 (70.8%)
achieved a partial response or better whereas 11 (46%) were VGPR+ and 6 (25%) were in complete remission/stringent
complete remission (CR/sCR). The median time to response for this cohort was 16 days (range 15–57 days) and the
mDOR was 8.3 months (95%).
ALLO-715 is the first allogeneic CAR T cell therapy for myeloma and these initial results from the UNIVERSAL trial provide
evidence of feasibility, safety and efficacy for this off-the-shelf cellular therapy as a potential treatment for patients with
MM.



CAR T-Cell toxicity

Cytokine-Release Syndrome
• Systemic inflammatory response that
occurs as CAR T-cells activate and expand
• High levels of CRP, ferritin, IL-6, IL-10
• Flu-like symptoms with fever
• Can progress to life-threatening
hypotension, hypoxia, and death
• High disease burden associated with more
severe CRS

Neurotoxicity Syndrome
• Symptoms

• Delirium
• Encephalopathy 
• Aphasia 
• Lethargy
• Difficulty 

concentrating 

‒ Agitation
‒ Tremor
‒ Seizures
‒ Cerebral edema
‒ (Headache)

“…an awake patient who is mute and does not 
respond verbally or physically to an examiner”



KarMMa Update: AEs of Interest



CARTITUDE-1: Safety



CARTITUDE-2: Multicohort Phase II Study of Cilta-cel
in Earlier Lines of Myeloma Treatment

Cohen. ASH 2021. Abstract 3866. 
Einsele. ASCO 2022. Abstract 8020.
Agha. ASCO 2021. Abstr 8013.

*No cases of movement or neurocognitive AEs

van de Donk. ASCO 2022. Abstract 8029.

*n = 1 with CRS or neurotoxicity. 
†1 case movement, neurocognitive AE.

COHORT A              COHORT B   



Future Directions for Ide-cel and Cilta-cel in Myeloma



Ongoing studiesof BCMA-Targeted CAR T-Cell Therapies for RRMM

1. Kumar. ASH 2020. Abstr 28. 2. Frigault. ASCO 2022. Abstr 8003.



Key Factors in 
Determining Candidacy for CAR T-Cell Therapy

Indications
ØHistory of disease and therapy that meets inclusion criteria.
ØThe patient must meet the criteria for a clinical trial.

Kinetics of disease progression
ØThe patient must be able to go through leukapheresis (without
immediate use of steroids/chemotherapy) and remain stable until the
T-cell infusion (3-4 wk).

ØThe patient must not need alternative therapy prior to CAR T-cell
therapy.



High-risk myeloma

ü International staging system (ISS)
üRevised international staging System
(R-ISS)

ü International myeloma working group
(IMWG) Staging

üMayo clinic risk stratification for
multiple myeloma (mSMART)

üGene-expression-based signatures
üCytogenetic prognostic index (PI) by
the Intergroupe Francophone du
Myélome



Ide-cel Subgroup Analysis of Response.

High incidences of response (overall response in
≥50% of patients and complete or stringent
complete response in ≥10% of patients) were
consistently observed in most subgroups
examined, including older patients, those who
received bridging therapy, and those with more
aggressive disease features, including high-risk
cytogenetic abnormalities, triple- or penta-
refractory disease, a high tumor burden, and
extramedullary disease

Nikhil C. Munshi. N Engl J Med 2021



CAR-T in High-risk myeloma
Title Interventions Primary end point Phase

Exploratory study to evaluate efficacy and safety of 
GC012F injection in chromosomal abnormalities high-
risk BCMA+ multiple myeloma

Single dose of GC012F cells (an autologous dual CAR-T 
targeted BCMA and CD19)

Incidence and severity of 
adverse events after 
GC012F injection

Early 1

Descartes-11 consolidation treatment in patients with 
high-risk multiple myeloma who have residual disease 
after induction therapy

Descartes 11 (an autologous CD8+ anti-BCMA CAR-T 
cell therapy) after completing pre-transplant induction 
treatment

Rate of stringent 
complete response

2

A phase 1, open-label, multicenter study to evaluate 
the safety of bb2121 in subjects with high risk, newly 
diagnosed multiple myeloma (KarMMa-4)

1. Lymphodepleting chemotherapy (fludarabine and 
cyclophosphamide)
2. bb2121 autologous CAR-T (anti-BMCA)
3. Lenalidomide maintenance

Dose-limiting toxicity 
rates
Adverse Events

1

Phase 1 study of CART-BCMA with or without 
huCART19 as consolidation of standard first or 
second-line therapy for high-risk multiple myeloma

CAR-T-BCMA:
1. As consolidation of early therapy for MM
2. With addition of fludarabine to the lymphodepleting 
chemotherapy regimen
3. In combination with huCART19, and
4. As a single rather than split-dose infusion

Adverse event reporting 1

Study of T cells targeting CD19/BCMA (CART-
19/BCMA) for high risk multiple myeloma followed 
with auto-HSCT

CAR-T-anti-CD19/BCMA infused 14 and 20 days after 
ASCT

Number of patients with 
grade 1 through grade 4 
cytokine release 
syndrome and other 
toxicities

1/2



Key Factors in 
Determining Candidacy for CAR T-Cell Therapy

Immediate prior therapy
ØPrevious therapy must not affect successfully manufacture CAR
T-cells (ie, obtain sufficient numbers of T-cells and expand).

Concomitant immunosuppressive therapy
ØMust be safely stopped prior to collection.



ORRs to ide-cel by number of prior lines of therapy



Key Factors in 
Determining Candidacy for CAR T-Cell Therapy

Active infections
ØCauses higher risk of complications, particularly if patient
experiences CRS.

Comorbidities
ØThe organ function reserve (cardiac, pulmonary, renal, bone
marrow, CNS) need to be sufficient to tolerate toxicities of
CAR T-cell therapy, namely CRS and ICANS.



CAR-T: EMA indications

Ø Adult patients with relapsed and refractory multiple myeloma who have received at least three
prior therapies, including an immunomodulatory agent, a proteasome inhibitor and an anti-CD38
antibody and have demonstrated disease progression on the last therapy.

Ø Patients with active central nervous system (CNS) disorder or inadequate renal, hepatic, pulmonary
or cardiac function are likely to be more vulnerable to the consequences of the adverse reactions
described below and require special attention.

Ø It is not recommended that patients receive CAR-T cell within 4 months after an allogeneic stem cell
transplant (SCT) because of the potential risk of CAR-T worsening GVHD. Leukapheresis for CAR-T
manufacturing should be performed at least 12 weeks after allogeneic SCT.

Ø The efficacy/safety of BCMA-CAR-T in patients previously exposed to other anti-BCMA treatments is
unknown.

Ø There is limited evidence available on efficacy/safety of CAR-T in re-treated patients. Some fatal
events have been noticed.





Perceptions of Community Hematologists/Oncologists on Barriers to CAR T-
Cell Therapy for DLBCL

Gajra. Immunotherapy. 2020;12:725.



Advantages and disadvantages of CAR-T Cells therapy in Multiple Myeloma




