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Amazing Success in Immunotherapy for MM

Munshi COMy 2023 
Immunotherapy era, but which treatment, for which patient and at what time?

2023

US Approved Drugs for MM



Immunotherapy in MM
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Treatment Attrition in Multiple Myeloma

Line of Therapy Sample Size, N Attrition (%) Deaths (%) No subsequent 
Treatment in 

Follow-Up (%)

Subsequent 
Treatment (%)

Non-Transplant Patients 

1 22,062 -- 12.9% 44.0% 43.1%

2 9505 56.9% 12.2% 33.3% 54.5%

Transplant Patients

1 2763 -- 1.3% 19.6% 79.0%

2 2184 21.0% 2.7% 28.1% 69.2%

• Real-world assessment of lines of therapy and outcomes based on 3 US insurance claims databases 

Fonseca R et al. BMC Cancer 2020;20:1087

Put your best players on the field!!!



UCSF => First experience with LCAR-B38M



ASCO 2017: Cellular Therapies: LCAR-B38M-CART
LCAR-B38M CART1

1. Fan FX et al. J Clin Oncol. 2018;35(suppl): Abstract LBA3001. Legend Biotech, Nanjing, China 

LCAR-B38M CART1

1. Fan FX et al. J Clin Oncol. 2018;35(suppl): Abstract LBA3001. 



Primary Endpoints
Safety and confirm RP2D (phase 1b); efficacy (phase 2)

Key Eligibility Criteria

▪ Progressive MM per IMWG criteria

▪ ECOG PS ≤1

▪ 3 or more prior lines or double refractory

▪ Prior PI, IMiD, and anti-CD38 mAb

Patient Characteristics
Phase 1b

(n=29)

Phase 2

(n=68)

Total

(N=97)

Median age, years (range) 60 (57-67) 62 (55-70) 61 (56-68)

Extramedullary plasmacytomas, n (%) 4 (14) 9 (13) 13 (13)

BM plasma cells 60%, n (%) 7 (24) 14 (21) 21 (22)

High-risk cytogenetics, n (%) 7 (24) 16 (24) 23 (24)

del(17p) 4 (14) 15 (22) 19 (20)

t(14;16) 2 (7) 0 2 (2)

t(4;14) 1 (3) 2 (3) 3 (3)

Tumor BCMA expression 50%, n/N (%) 18/20 (90) 39/42 (93) 57/62 (92)

Median prior lines of therapy, n (range) 5 (4-8) 6 (4-8) 6 (4-8)

Prior ASCT, n (%) 26 (90) 61 (90) 87 (90)

Triple-class refractory, n (%) 25 (86) 60 (88) 85 (88)

Penta-refractory, n (%) 9 (31) 32 (47) 41 (42)

Refractory to last line of therapy, n (%) 28 (97) 68 (100) 96 (99)

Median years since diagnosis (range) 5.1 (3.5-7.8) 6.7 (4.6-8.5) 5.9 (4.4-8.4)

Cilta-cel infusion (day 1)

Target dose 0.75x106 (range, 0.5-1.0x106) CAR+ viable T cells/kg

Cy (300 mg/m2) + Flu (30 mg/m2), day -5 to -3

Screening (1 to ≤28 days)

Apheresis

Bridging therapy (as needed)

Postinfusion assessments (day 1-100)

Follow-up

Posttreatment assessments (day 101 to end of cohort)

▪ Median administered dose: 0.71x106 (range, 0.51-0.95x106)/kg 
CAR+ viable T cells/kg

CARTITUDE-1 Phase 1/2: Landmark 2 Years Post-Last Patient-in Results of Cilta-Cel 
in Patients With RRMM: Study Design and Patients1-3

1. Martin T, et al. J Clin Oncol. 2022;JCO2200842. doi:10.1200/jco.22.00842. 2. Usmani SZ, et al. ASCO 2022. Abstract 8028. 
3. Lin Y, et al. EHA 2022. Abstract P961. 7

(~50 million CARs)



CARTITUDE-1  Results ASCO 2023 – 3 yr f/u

• ORR 98%,   sCR 83%

• At study closeout:
• Median DOR was 33.9 m

(95% CI, 25.5–NE) 

• Median PFS was 34.9 m 
(95% CI, 25.2–NE) 

• Median OS was not reached 
• An estimated 62.9% of 

patients were alive at ~3-year 
follow-up

8DOR, duration of response; NE, not estimable; OS, overall survival; PFS, progression-free survival.
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No. at risk
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Lin Y, et al. ASCO 2023. Poster 8009  
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CARTITUDE-4: Cilta-cel vs PVd or DPd in RRMM

Primary endpoint of PFS was met and study now reported

1. https://clinicaltrials.gov/ct2/show/NCT04181827 2. https://www.prnewswire.com/news-releases/janssen-announces-unblinding-of-phase-3-cartitude-4-study-of-carvykti-

cilta-cel-as-primary-endpoint-met-in-treatment-of-patients-with-relapsed-and-refractory-multiple-myeloma-301732398.html. San Miguel j. et al. NEJM 2023

Participants will receive 1 cycle of bridging therapy (PVd or DPd); 
a second cycle of PVd or DPd may be administered per investigator discretion along with conditioning regimen (cyclophosphamide and fludarabine). 

• Measurable disease

• Documented evidence of PD by 
IMWG criteria

• 1-3 prior lines of therapy including PI 
and IMiD

• Refractory to lenalidomide

• No prior treatment with BCMA or 
CAR-T therapy 

• No monoclonal antibody treatment 
within 21 days

• N~419

Patients:

R
a
n

d
o

m
iz

a
ti

o
n

 1
:1

Cilta-cel

Cilta-cel infusion at a target dose of 0.75x106 

CAR-positive viable T-cells/kg

DPd

Daratumumab SC 1800 mg

Cycles 1-2: QW; Cycles 3-6: Q2W;

Cycles 7+: Q4W

Pomalidomide PO 4 mg 

on days 1-21

Dexamethasone 40 mg† PO or IV

on days 1, 8, 15, 22

Or

Cycle: 28 days
†Dexamethasone 20 mg/day for participants >75 years of age. 

Primary Outcome: Secondary Outcomes:

• Progression-free survival 

• CR or sCR

• MRD negativity status

• Sustained MRD negative rate

• HRQoL

• OS, ORR, PFS2

• Safety

PVd
Pomalidomide PO 4 mg 

on days 1-14

Bortezomib 1.3 mg/m2 SC

Cycles 1-8: days 1, 4, 8, 11

Cycles 9+: days 1 and 8

Dexamethasone 20 mg* PO 

Cycles 1-8: days 1, 2, 4, 5, 8, 9, 11, 12

Cycles 9+: days 1, 2, 8, 9

Cycle: 21 days
*Dexamethasone 10 mg/day for participants >75 years of age. 

CARTITUDE-4 (Phase 3) Study Design: 1-3 PLT

https://www.prnewswire.com/news-releases/janssen-announces-unblinding-of-phase-3-cartitude-4-study-of-carvykti-cilta-cel-as-primary-endpoint-met-in-treatment-of-patients-with-relapsed-and-refractory-multiple-myeloma-301732398.html
https://www.prnewswire.com/news-releases/janssen-announces-unblinding-of-phase-3-cartitude-4-study-of-carvykti-cilta-cel-as-primary-endpoint-met-in-treatment-of-patients-with-relapsed-and-refractory-multiple-myeloma-301732398.html


CARTITUDE 4: Randomization and Results

• Results
• FIGURE1: Primary Endpoint PFS: 

aStart of study treatment. bPhysicians’ choice. cCyclophosphamide 300 mg/m2 plus 
fludarabine 30 mg/m2 daily for 3 days.
DPd, daratumumab, pomalidomide, and dexamethasone; PD, pharmacodynamics; PK, 
pharmacokinetics; PVd, pomalidomide, bortezomib, and dexamethasone. 

Sidiqi MH et al. ASH 2023. Poster 4866

MRD(-)









Toxicity With CAR T-Cell Therapy in MM

Bridging

CAR T-Cell Associated Adverse Events Management of Adverse Events

Cytokine-release syndrome (70-90%) Day 1-21 → tocilizumab, steroids, anti-inflammatories 

Neurotoxicity.  (10-28%)
aka, immune effector cell–associated neurotoxicity 
syndrome

Day 1-28 and late effects → seizure prophylaxis, 
steroids, cyclophosphamide, hyperventilation

Cytopenias (90%) – Late cytopenias (20-30%) Cytopenias → growth factors (after CRS)

Immunosuppression: (>50%)
‘‘B-cell aplasia’’/hypogammaglobulinemia

Hypogammaglobulinemia → prophylactic IVIG

Infection (30-60%)
Infection → HSV, VZV, encapsulated bacteria; acyclovir, 
sulfamethoxazole/trimethoprim, other 

IEC-HS (MAS-like syndrome (<5%)) IEC-HS→ IL-1 targeted therapy, steroids



CAR T-Cell Journey: Need to optimize to succeed

Need to keep patient stable with viable T cells

-5 -4 -3 -1 0Apheresis

Hospitalization Frequent Follow-up
Patient stays close to 

treating facility 
until ~ Day 30

- Insurance authorization (wks-months)
- CAR Eligibility evaluations (echo, EKG, Labs
- Schedule apheresis (wks)
- Holding +/- bridging chemotherapy

T-cell manufacturing
And release (6-9 weeks)

CAR infusion

Evaluation

Beaupierre. J Adv Pract Oncol. 2019;10(suppl 3):29. Perica. Biol Blood Marrow Transplant. 2018;24:1135.

Virus with 
CAR DNA

Engineered
CAR T-cell

FluCy

14 30

CRS

ICANS

Infection

Cytopenias

Toxicity timeline

Neutropenia, thrombopenia

Bacterial, fungal, viruses

First Evaluation ➔.     (?? wks).       ➔ 



CAR T-Cell Journey: Brain to Vein to Vein 

Consult

-5 -4 -1 0Apheresis 14 30-3



CAR T-Cell Journey

Need to keep patient stable with viable T cells

-5 -4 -3 -1 0Apheresis

Hospitalization 

Frequent Follow-up
Patient stays close to 

treating facility 
until ~ Day 30

Holding chemotherapy
CAR infusion

Brain to Vein time

Evaluation FluCy

14 30

- Can use bispecifics 

- Can use high-dose alkylators

- May have higher risk for Cytopenias

- ? Risk for secondary malignancies

Bridging therapy

Evaluation (??? wks) 

Goals (pre-apheresis)
- Preserve T cell Fitness

- Avoid lymph-toxic Rx
- High-dose Alkylators
- Bispecific Antibodies
- If not (need >6-8 week treatment- 

free interval, ANC >0.3)
- Maintain disease control

- Don’t wait – start treatment urgently
- Use new agents or “sensitive” agents



Building the right TEAM
• Education

• Heme/BMT/CT, ICU, ER, Neurology
• MDs, Nurses pharmacists
• Patient wears “CART” wrist brace

• Patient and caregiver

•  Good Communication amongst the team
• 24 hour call line for patients and caregivers
• Close collaboration with Community MDs!!

• Good Social Support
• Housing and Financial support
• Patient Navigator

• Quality Management

• Know your Center’s Data

Practice Considerations/Implementation

Choosing the right patient
• IMWG CAR Guidelines – Lancet Oncology 

5/2024

• Prepare patient for CAR @ Line “minus 
one”

• Example – 3rd line (if not len-refractory)
• W/u in 3rd line – all ready

• When 4th line starts => can get insurance auth….

• Ideal is to proceed in response/before 
relapse

• Goal is to collect T-cells in response

• Apheresis is ideal when
• ALC > 0.5 
• Limited steroids/alkylator therapy (> 8 wks) 
• No bispecific antibody therapy for >8 wks 



Case(s) #1: Presentation
• MV is a 44 y/o male with RRMM – s/p 4 lines of therapy

• Baseline: 
• DX: 2021 IgA Lambda MM

• BMBx (2/16/21): 80% PCs; del 13q/-13

• Hypercalcemia, IgA 5086 mg/dL, LLC 1521, FLCR 492.29 

• B2M-4.2, Alb 3.4, LDH 191

• DS stage 3, ISS-2, R-ISS-2

• Treatment:
• LINE1: Dara-VRd=> Mel 200 (7/10/21) => Dara-Rev maint  Resp; VGPR=>  PFS 18M 

• FUNCTIONAL HIGH-RISK!   And REFRACTORY to DARA-LEN

• LINE2:    ? What are the choices ?



Sequencing Therapy for Patients With R/R MM

Triplet induction (no CD38) QUAD Induction

QUAD or TRIPLET
± Consolidation (Auto) → R or DR

Frontline Therapy

Len Refractory.         Dara Refractory        Dara and Len Refractory

Clinical trial should be considered for all eligible patients

Cilta-cel >> CD38 combo 
Cilta-Cel, CD38 combo

Bispecifics (Talquetamab, Teclistamab)

DaraRd (45-50)
Triplet/Quad combo’s

PI IMiD

38

BCMA

First Relapse
(sensitive)

Len Sens/CD38 naive Len Ref/CD38 naive

Cilta-Cel, Triplet

Cilta-cel  

65m 150m

*UCSF : Protocol



Sequencing Therapy for Patients With R/R MM

Len Refractory (PI and IMiD exp)_

Frontline TherapySimplified

1st:   Len Refractory.         Dara Refractory        Dara and Len Refractory

Golden Moment for CART is Line 2 or 3 For RRMM patients

Bispecifics (Talquetamab, Teclistamab)

Triplet-class Quad exposed

PI IMiD

38

BCMA

First Relapse
(sensitive)

CAR Candidate (KPS, Social)

Cilta-Cel

4 LINES  

Cilta-Cel

Not CAR Candidate (KPS, Social)

LINE1

LINE2

LINE1

LINE2

LINE3

*UCSF : Protocol



Case(s) #1: Presentation
• MV is a 44 y/o male with RRMM – s/p 4 lines of therapy

• Baseline: 
• DX: 2021 IgA Kappa MM, DS stage 3

• BMBX (12/16/21): 80% PCs; del 13q/-13

• Hypercalcemia, IgA 5086 mg/dL, LLC 1521, FLCR 492.29, B2M-ND

• Treatment:
• LINE1: Dara-VRd=>6-cycles – VGPR

• Mel 200 (7/10/22) => Dara-Rev maint  Resp; VGPR=>  PFS 18M 

• [FUNCTIONAL HIGH-RISK!] – m-prot 3.2 g/dL ➔. START Thinking CAR 

• LINE2: KPd. Started at relapse (2/2024) ➔ VGPR after 3 cycles
• Insurance approval sought for CAR T and pre-CAR w/u initiated 

• Excellent KPS => Discussion and Plan BCMA CART  [Cilta-cel preferred]



Case(s) #1: Presentation

•                                                        Brain to vein (6m – but getting treatment) 

• Apheresis: 08/12/2024
• 14 liter collection

• ALC 0.31                                        Earlier time to CAR – less chance of OOS product

• Bridging Therapy: 
• KPd x 1 cycle

• Response: VGPR – m-prot 0.3 gm, BM 3%PCs

• Cells “ready”: ~10/02/24; Infused 11/30/24

• Patient  proceeded to CAR



Case(s) #1: Presentation
• CAR Therapy: 

• LD - Flu/Cyt

• Cilta-cel infused 11/30/2023:  Cilta-cel infused: 0.7 x 10e6/kg

• Toxicity:              CRS
• CRS: Max Gr1                                                                        treated with 

Toci x 2  

• ICANS: None                                                                              12/3 and 
12/7

• ALC peak: 3.1 @14d

• HLH/IEC-HS: Max Ferritin ~6000. Fibrinogen 170

• Cytopenia: Resolve by Day 30

• Response: Day 90 sCR – MRD(-)

CRP high -----------→ nl

Dex 10  Q12 x6 doses x 2



Conclusions: Cilta-Cel and Bispecific therapy

• Amazing responses
• Best patients do better with immunotherapies early

• Earlier lines of therapy [patients want QOL NOW]

• At UCSF prefer CAR for less heavily pretreated

• Early Relapse: CAR vs. Bispecific
• Excellent response to CAR in early relapsed MM

• Is it better than late relapse; or do we “save for later”?

• Late Relapse
• Bispecifics may be best therapy for late relapse

• May have lower responses with prior BCMA therapy

• Currently no maintenance after CAR therapy

Bring down costs!
Tom Martin
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