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20 The last 5 approvals have all been 
Either CAR-T cells or BsAbs



Gandhi et al, Leukemia 2019. 



 61 Female at Dx (age 71 now):  Dx 7/2012 with Stage 3 Lambda Light Chain Myeloma (High 
risk double hit 17p deletion and add 1q)
 Progressed after at least 9 lines of therapy (w/ 2 SCT) over the course of 6 years:
 VRD + Auto SCT, Ixa, VRD, Dara/dex, Dara-CyBorD, Car/Pom/dex, Dara-CyBorD, 2nd Auto 

SCT, Dara-VRD –> Progression with Lambda in 500s in 5/2018
 Travelled from MN to TX to enroll on anti-BCMA CAR T-cell trial -> Leukapheresis 4/12/18 -> 

Bridging Dara/Pom/Cy/Dex -> LD Flu/Cy -> Day 0 CAR T-cell infusion 5/21/18
 Grade 1 Cytokine Release Syndrome (CRS) day 14 and 15 so d/c delayed until day 18.  No 

Tocilizumab or steroids, No ICANS/NT
 Lambda FLC 580 mg/L (pre-CAR) -> 370 (d7) -> 138 (d14) (before fevers)  -> 2.31 mg/L on 

6/11/18 (d21).  M-spike 0.03 at d28 but 0 by 3 mo (sCR)
 She remains in stringent CR at 5.5 + years (despite being OFF all therapy since 5/2018)
 Ongoing IVIG replacement due to Hypogammaglobulinemia

Clinical Case



(Teclistamab for MM 10/22, Elrenatamab and Talquetamab 8/23)



Graeber, 2018: Immunotherapy and the Race to Cure Cancer
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Redirecting T-Cell Specificity with  
Chimeric Antigen Receptor (CAR) T cell therapy

• Gene transfer technology stably 
expresses CARs on T cells1,2

• Takes advantage of  the 
cytotoxic potential of T cells, 
killing tumor cells in an 
antigen-dependent manner1,3

• Persistent CAR T cells consist of 
both effector (cytotoxic) and 
central memory T cells3

• T cells are non-cross resistant to 
chemotherapy



Overview of CAR-T Cell Process

McGuirk J. et al, Cytotherapy 2017; 19:1015-1024



CAR T-

• Inflammatory response from IL-6 and other cytokine production
• The more CAR-T triggering the more cytokine release (increases w/ dz burden)
• Low grade treated with symptom management (anti-pyretics)
• Higher grade or refractory treated with Tocilizumab +/- steroids



Neurotoxicity (ICANS) with CAR T-cell Therapy

▪ CRES = Cytokine Related Encephalopathy Syndrome
▪ ICANS = Immune effector Cell Associated Neurologic Syndrome
▪ Symptoms and signs: somnolence, encephalopathy, aphasia, seizures, 

confusion, delirium, tremors, paralysis of limbs, incontinence. 
▪ Onset of neurotoxicity may be biphasic:

– 1st phase (Days 0-5) – symptoms may appear with other CRS
– 2nd phase (After day 5) – starts after CRS s/s have subsided
– Neurotoxicity such as seizures may occur later even in 3rd or 4th week 

▪ Neurotoxicity typically lasts 2-4 days, but may vary in duration from hours to 
few weeks. It is s generally reversible  

▪ Corticosteroids treatment of choice in managing neurotoxicity, anakinra next
▪ Tocilizumab might reverse neurological toxicity during 1st phase only
▪ Seizure prophy with Keppra if high risk product or if ICANS symptoms (no 

driving for 2 months) 
▪ Rare cases of delayed Parkinsonian movement disorder, motor neuropathy, 

and CN palsies, may be irreversible



Simplified Grading scales for CRS and Neurotoxicity (ICANS)



▪ Tisagenlecleucel (Tisa-cel, Kymriah; Novartis) 
▪ FDA Approved 8/17 for r/r ALL (up to 25 y/o) (2018 for r/r DLBCL)
▪ Axicabtagene ciloleucel (Axi-cel, Yescarta; Kite Pharma=Gilead) 
▪ FDA Approved 10/17 for R/R DLBCL, r/r FL 3/21, 2nd Line DLBCL 4/22
–Brexucabtagene autoleucel (Brexu-cel, Tecartus; Kite = Gilead)
– FDA approved for Relapsed MCL 7/20, for adult ALL 10/21
– Uses same vector as axi-cel but w/ T-cell enrichment to avoid circulating blasts
–Lisocabtagene maraleucel (Liso-cel, Breyanzi; BMS)
–FDA Approved 2/21 for relapsed DLBCL, 7/22 for 2nd line DLBCL 
 Idecabtagene vicleucel  (Ide-cel, Abecma; BMS)

   FDA approved for Rel/Ref Myeloma after 4 prior lines 3/26/21
   Ciltacabtagene autoleucel  (Cilta-cel, Karvyti; Janssen)
   FDA approved for Rel/Ref Myeloma after 4 prior lines 2/28/22

FDA Approved CAR-T Therapies
A New Era in Immunotherapy

Borgert R, AJMC 2021

CD19

BCMA



• BCMA: B Cell Maturation Antigen

• Receptor expressed on Myeloma tumor cells, nonmalignant 
plasma cells, and some late stage mature B-cells

• Cell lineage specific so avoids off target toxicity

BCMA as a Target for Myeloma 
CAR T-Cell Therapy



Turning a Corner with CAR T

Anderson LD Jr, Future Oncology 2022

Ide-Cel 
Approved 3/26/21

Cilta-Cel 
Approved 2/28/22



BCMA-Directed CAR-T Cells
Published 2/25/2021
FDA Approved 3/26/2021
ASCO Update 6/2021

*

*



Phase II KarMMa study of Ide-Cel in 
Relapsed/Refractory Myeloma

Median 6 Prior Lines of Rx
Expected response rate 25-30%, PFS 3-4 mo 
Based on other recently approved products in 
Triple class exposed MM

Munshi & Anderson et al, NEJM 2021
Anderson LD Jr et al, ASCO 2021



Munshi N & Anderson LD Jr et al, NEJM 2021

39%
CR



KarMMa Trial PFS According to Target Dose

Munshi and Anderson et al, NEJM 2021



KarMMa Trial DOR by Level of Response

Anderson LD Jr et al, ASCO 2021 and IMW 2021

41% still in CR at 2 years



Summary of KarMMa (Ide-Cel) Outcomes
• ORR 81% for 450x106 target dose
• PFS 12.2 mo for 450x106 target dose
• Median OS 24.8 mo (expected 9 mo in this population)
• Median OS >20 mo in several high-risk subgroups 
• Those in CR had PFS 20.2 mo and DOR 21.5 mo 
• 84% CRS but mostly low grade and brief, only 5% grade 

3-4 CRS, 1 fatality from CRS
• Median time to onset of CRS was 1 day
• Neurotoxicity all grades only 18%, only 4% grade 3-4
• 52% required Toci, 15% required steroids, 48% supportive 

care (Tylenol)
Anderson LD Jr, et al. ASCO 2021



Idecabtagene vicleucel (Ide-cel) 
FDA APPROVED 3/26/2021

• First CAR-T Cell therapy approved for Multiple Myeloma
• Approved for Relapsed or Refractory Myeloma after at least 4 

Prior Lines of Therapy including an IMiD, PI, and CD38 mAb
• Requires REMS program, and pt must live within 2 hrs of 

CAR-T center for 1 mo and no driving for 2 mo
• Limited to tertiary BMT & Cell Therapy centers due to toxicity
• Now trials are exploring earlier lines of therapy in 
    KarMMa 2, 3, 4 (More functional T cells?)
• Testing culture with PI3k inhibitor to enrich memory
    T cells (bb21217) 
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Hansen DK et al, J Clin Oncol 2023

• 159 MM pts from 11 US institutions with intent to receive SOC ide-cel
• 75% of infused patients would have been ineligible for participation in the KarMMa 

trial due to comorbidities
• CRS occurred in 82% with 3% grade ≥ 3
• Neurotoxicity rate 18% with 6% grade ≥ 3
• ORR 84%, and 42% ≥ CR   (slightly better responses despite sicker patients)
• At a median follow-up of 6.1 mo from CAR T infusion, median PFS was 8.5 mo
• Patients with previous exposure to BCMA-targeted therapy, high-risk cytogenetics, 

ECOG ≥ 2, and younger age had inferior PFS on multivariable analysis
• Even older patients and those with comorbidities did well with ide-cel in the real world



2424

Blood Cancer Journal (2023) 13:117
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Prior BCMA 
Targeted 
Therapy is 
an 
independent 
predictor of 
inferior 
outcomes for 
response, 
PFS, and OS

Ferreri et al, Blood Cancer Journal 2023, US Myeloma CAR T Consortium
2525

(Prior CAR T did not affect results like other BCMA therapy)
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Prior BCMA 
Targeted 
Therapy is an 
independent 
predictor of 
inferior 
outcomes for 
response, 
PFS, and OS

Ferreri et al, Blood Cancer Journal 2023, US Myeloma CAR T Consortium



272727Afrough A, et al ASCO 2023, IMS 2023, Blood Cancer Journal 2024 In Press

Effect on PFS and OS mostly due to  Subgroup with Alkylator BT in Heavily Refractory RRMM (especially infusional)
 and no effect of IMID/mAb so Earlier use of CAR T may help overcome this



Usmani SZ et al, ASCO 2021.  
Berdeja JG et al, Lancet 2021

(Cilta-Cel) 



Martin et al ASH 2021, 
Usmani SZ et al, ASCO 2021.  
Berdeja JG et al, Lancet 2021



Martin et al ASH 2021 



Usmani SZ et al, ASCO 2021.  
Berdeja JG et al, Lancet 2021

5 Movement and/or
Neurocognitive/ 
Parkinsonian
7 Nerve Palsy or 
motor neuropathy

FDA Approved 2/28/2022



Usmani SZ et al, ASCO 2021



Agha ME et al, ASCO 2021



Agha ME et al, ASCO 2021
Cohen et al, ASH 2021/ASTCT 2022

Cohen et al ASH 2021 
abstract now shows 
All responses VGPR 
or better in 19/20
1 grade 2 facial 
paralysis but no 
Parkinsonian
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Myeloma CAR T-Cell Therapy

Munshi and Anderson et al NEJM 2021;  Berdeja et al. Lancet. 2021;  Usmani et al ASCO 2021

Idecabtagene vicleucel
(Ide-Cel)(BMS)

Ciltacabtagene autoleucel 
(Cilta-Cel)(Janssen)

Pivotal trial Phase II KARMMa 
(N = 128)

Phase Ib/II CARTITUDE-1 
(N = 97)

Prior therapy ≥ 3 prior lines ≥ 3 prior lines

Median (range) 6 lines (3–16) 6 lines (4-8)

CAR T-cell dose 150–450 x 106 cells Median: 0.75 x 106 cells/kg
Grade ≥ 3 CRS 5% 4%
Grade ≥ 3 NT 3% 9% (+ some non-CNS NT)
ORR 73% (81% at target dose) 97%
CR 33% (39% at target dose) 67% (80% sCR at update)
PFS Median PFS: 8.8 mo (12.2 mo) 24 mo 61%
OS Median 24.8 mo 24-mo OS 74% 

FDA Approved 3/26/2021 Approved 2/28/2022

• Several other products are being tested (human CAR, ddBCMA, etc)
• Now looking at non-BCMA targets like GPRC5D and combination targets



KarMMa-3 (2-4 prior lines of therapy, Ide-cel vs SOC (DPd, DVd, Ird, Kd, or EPd), NEJM 2023 



CARTITUDE-4  (1-3 prior lines of therapy, Cilta-cel vs SOC (DPd or PVd) 
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KarMMa-3 [7] CARTITUDE-4 [6, 83]
Ide-Cel SOC Cilta-Cel SOC

Study Design
Inclusion Criteria 2-4 prior lines including 

PI + IMiD + Dara
1-3 prior lines, 
Len refractory

Therapy given CAR T Choice: DPd, DVd, 
IRd, Kd, or EPd

CAR T Choice: DPd or 
PVd

CAR T-Cell Dose, median 
(range)

445x106 
(175-529x106)

N/A 0.71x106/kg N/A

Baseline Characteristics
No of pts Randomized 254 132 208 211
Median Prior Lines (range) 3 (2-4) 3 (2-4) 2 (1-3) 2 (1-3)

Refractory to anti-CD38 Ab 242 (95) 123 (93) 50 (24) 46 (22)

Triple Class Refractory (%) 164 (65) 89 (67) 30 (14) 33 (16)

Efficacy (intent-to-treat)
ORR (%) 181 (71) 55 (42) 176 (85) 142 (67)
≥ CR (%) 98 (39) 7 (5) 152 (73) 46 (22)
≥ VGPR (%) 153 (60) 20 (16) 169 (81) 96 (46)
MRD Negative 10-5 (%) 51/254 (20) 1 (1) 126/144 (88) 33/101 (33)
ORR for infused pts (%) NR NR 175/176 (99.4) N/A
Median DOR, months 14.8 9.7 Not Reached;

85% at 12 mo
Not Reached;
63% at 12 mo

Median PFS, months 13.3 4.4 Not reached;
 76% at 12 mo 

11.8
 49% at 12 mo

Median OS, months Not reached Not reached Not Reached, 
84% at 12 mo 

Not Reached, 
84% at 12 mo

Results of Randomized KarMMa-3 and CARTITUDE-4 trials of Early Line CAR T

KarMMa-3 [7] CARTITUDE-4 [6, 83]
Ide-Cel SOC Cilta-Cel SOC

Safety (for treated pts 
only)

N=225 N=126 N=176 N=176

Infections Any Grade 146 (58) 68 (54) 129/208 (62) 148/208 
(71)

Infections Grade 3-5 72 (28) 26 (20) 56/208 (27) 51/208 (25)
CRS any grade (%) 197 (88) N/A 134/176 (76) N/A
CRS grade ≥ 3 (%) 11 (5) N/A 2 (1) N/A
Median days to CRS 
(range)

1 (1-14) N/A 8 (1-23) N/A

Neurotoxicity any 
grade (%)

34 (15) N/A (4.5) N/A

ICANS grade ≥ 3 (%) 7 (3) N/A 0 (0) N/A
Non-ICANS 
Neurotoxicity (%)

0 (0) N/A 30 (17%)
1 

Parkinsons, 
18 CN Palsy, 

5 PN  

N/A

**
**

**
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Non-BCMA CAR T for Myeloma (Targeting GPRC5D)

GPRC5D, an orphan receptor expressed on MM cells with limited expression in other 
tissues (hair follicles, tongue, nail beds), is a promising therapeutic target

Bal et al, ASH 2023



40Bal et al, ASH 2023

15% low grade dysgeusia, 6% ICANS, 
9% nail changes , 30% skin (self limited 
rash)



Bispecific T Cell Engaging Abs (TCE BsAbs)

Hosny et al, J. Clin. Med. 2021

Response rates approaching CAR T
But they require ongoing injections
Low grade CRS common, neurotox less common



Bispecific anti-
CD3/BCMA
Dual Ab

Days 1 and 4 Day 7+



Nooka et al ASCO 2022, #8007,  Moreau et al NEJM 2022

Teclistama FDA APPROVED 10/25/22
4 or more prior lines including
IMID/PI/CD38

72% CRS, only 1 grade 3, 36% Toci, 8% steroids
3% ICANS, all concurrent with CRS and resolved
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 This is retrospective analysis of RRMM patients who received 
teclistamab under a commercial FDA label between 8/9/22 and 
8/15/23.

 Patients from 5 academic centers in the U.S. (UTSW, Cleveland 
Clinic, Univ Iowa, 

 The safety and efficacy populations for this analysis included all 
the patients who had received at least one full dose of 
teclistamab, as of July 15, 2023. 

 The median PFS for the entire cohort was 5.4 months 
(compared to 11.3 mo in Majestecc-1 so shorter PFS despite 
same ORR)

Dima et al, ASH 2023 and TCT 2024.  (USMIRC Consortium)

Response (Full Cohort) 
N (%)

RWE 
cohort
N=104

MajesTec-1
N=165

Overall response rate 70 (66) 104 (63)
Complete response or 
better 31 (29) 65 (39.4)

Very good partial response 18 (17) 32 (19.4)

Partial response 21 (20) 7 (4.2)
Minimal response 0 2 (1.2)
Stable disease 10 (9.5) 27 (16.4)  
Progressive disease 26 (24.5) 24 (14.5)
Not evaluable 0 8 (4.8)
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Subgroups of Interest ORR, N (%)
Age>70 (n=34) 24 (71)
Non-Hispanic Black (n=28) 20 (71)
Pts ineligible for MajestEC-1 trial 
(n=88) 53 (60)

High-risk cytogenetics (n=56) 35 (63)
Triple Refractory (n=97) 62 (64)
Penta refractory (n=68) 46 (68)
Prior BCMA therapy 33 (59)
R-ISS III (n=25) 13 (52)
EMD (n=45) 21 (47)
Four or less prior LOT (n=26) 21 (81)
>4 lines of prior therapy (n=80) 49 (61)

Dima et al, ASH 2023 and TCT 2024

REAL WORLD TECLISTAMAB

The incidence of severe CRS and ICANS was low,  suggesting 
possibly feasible outpatient teclistamab step-up dosing and use in the 
community practice after the initial step-up dosing. 
Cytopenias and infections remain a challenge, therefore, close 
monitoring, prophylactic antimicrobials, growth factors,, IVIG and 
vaccinations are important.

mPFS 5.4 mo but has a decent tail on the curve
Likely a group that relapses faster and a group 
with longer lasting remissions but trying to find 
out how to predict



• PFS 11.8 mo, DOR 17.1 mo

(MagnetisMM-1 Trial)

Raje et al, ASH 2022, Bahlis et al Nature Med 2023

FDA
Approved 
8/2023
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Novel Bispecifics with non-BCMA Targets (GPRC5D)

Skin and nail changes in 75%.   Dysgeusia common

Chari et al ASH 2022 Abstr 157

FDA
Approved 
8/2023





SUMMARY and CONCLUSIONS
 2 Different CAR T-Cell products (Ide-Cel and Cilta-Cel) have been FDA approved for 

Myeloma after at least 4 prior lines including an IMID/PI/CD38

 KarMMa-3 and Cartitude-4 show improved PFS and ORR for both ide-cel and cilta-cel 
compared to SOC in earlier line relapsed Myeloma but awaiting FDA review

 CC95266 anti-GPRC5D CAR T-cells are effective in relapsed/refractory Myeloma

 3 T-Cell Engaging BsAbs have been FDA approved (all for triple exposed and 4 prior 
lines) (2 anti-BCMA and 1 GPRC5D) (Teclistamab, Elranatamab, and Talquetamab)

 Real world data shows similar response to Ide-cel similar to KarMMa despite sicker pts

 Real World Data shows prior BCMA Bispecific Ab therapy is detrimental to ide-cel CAR 
T response and PFS, so sequencing is not straightforward 

 Real world data shows similar response to Teclistamab but shorter remissions

 Can BsAbs replace CAR T for less cost and less toxicity, or is “one and done” CAR T 
better?  (or could BsAbs better bridge/cytoreduce prior to CAR T to decrease risk?)

 Next steps include:  CARTITUDE-6 (Frontline Cilta-cel vs Auto SCT in newly Dx 
MM) and Majestec-7 (frontline Teclistamab combination vs SOC in newly Dx MM) 



Myeloma/PCD Specialists at UTSW

Larry Anderson Gurbakhash Kaur Aimaz Afrough Adeel Khan
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