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Learning Objectives

• Evaluate recent real-world clinical data of newer and emerging 
immunotherapeutic options, including CAR T-cell therapy and BsAbs, 
for the treatment of R/R MM and their potential implications in the 
development of TRAEs  

• Accurately recognize, diagnose, treat, and manage the most 
common hematological and non-hematological toxicities and TRAEs 
in patients affected by and treated for MM 

• Understand current guidelines and protocols available for TRAEs in 
MM patients 

• Incorporate and implement a multidisciplinary team (MDT) approach 
to improve MM patient outcomes and quality of life

irAE = immune-related adverse event; CAR = chimeric antigen receptor; BsAb = bispecific antibody; R/R = relapsed/refractory; TRAE = 
treatment-related adverse event; MM = multiple myeloma.



Pre-Activity Survey

We appreciate your participation.

Scan the QR Code below or at your table



Question 1

Which of the following targets both CD3 T-cell receptors and the 
GPRC5D MM receptor and has been associated with CRS and 
ICANS?
1. Elranatamab
2. Isatuximab
3. Teclistamab
4. Talquetamab 
5. Unsure



Question 2

CRS and ICANS were seen in ___, respectively, of patients 
treated with cilta-cel in the CARTITUDE-1 trial.
1. ~20% and ~60%
2. ~40% and ~80%
3. ~60% and ~40%
4. ~80% and ~20%
5. Unsure



Question 3

All of the following may be considered as a therapeutic approach 
to CAR T- and BsAb-associated CRS except?
1. CD-20 blocade with rituximab
2. IL-6 inhibition with siltuxumab
3. IL-6 inhibition with tocilizumab
4. IL-1 inhibition with anakinra
5.  Unsure



Question 4

How confident are you in your ability to incorporate and 
implement a multidisciplinary team (MDT) approach to improve 
MM patient outcomes and quality of life?
1. Very confident
2. Confident
3. Somewhat confident
4. Not very confident
5. Not at all confident



Understanding, Evaluating, and 
Managing irAEs Associated with 
CAR T-Cell and BsAb Therapy in 
Multiple Myeloma
Joshua Richter, MD
Associate Professor of Medicine
Tisch Cancer Institute
Icahn School of Medicine at Mount Sinai
New York City, New York



Overview of Multiple Myeloma



Pathobiology/Epidemiology

National Cancer Institute Surveillance Epidemiology and End Results [seer.cancer.gov]. https://seer.cancer.gov/statfacts/html/mulmy.html.



Effects of Myeloma and Common Symptoms

Multiple Myeloma Research Foundation (MMRF) [www.themmrf.org]. Accessed April 14, 2016. Last updated 2023. https://themmrf.org/multiple-
myeloma. Campbell K. Nurs Times. 2014;110:12.

About 10% to 20% of patients with 
newly diagnosed myeloma will 

not have any symptoms.

Low blood counts
• Anemia is present in 60% 

of patients at diagnosis
• May lead to anemia and 

infection

Weakness
Fatigue
Infection

Decreased kidney function
• Occurs in over half of 

myeloma patients Weakness
Bone damage
• Affects 85% of patients
• Common sites include 

spine, pelvis, and ribs
• Leads to fractures

Bone pain

Bone turnover
• Leads to high levels of 

calcium in blood 
(hypercalcemia)

Loss of appetite
Weight loss



What Is Multiple Myeloma?
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Normal vs Abnormal Plasma Cells

Normal Abnormal

Adapted from Multiple Myeloma Research Foundation. 
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Diagnostic Criteria (SLiM-CRAB)
• Clonal bone marrow plasma cells > 10%, bony or extramedullary 

plasmacytoma with any of the following myeloma-defining events

• End organ damage attributable to myeloma (CRAB)
- C  Hypercalcemia: Ca++ > 0.25 mmol/L above upper limit of normal
- R  Renal insufficiency: creatinine > 2 mg/dL or eGFR < 40 mL/min
- A  Anemia: Hgb > 2 g/dL below the lower limit of normal
- B  Bone lesion: one or more osteolytic bone lesions on X-ray, CT, 

  PET-CT

• Biomarkers of malignancy
- Clonal bone marrow plasma cells > sixty (60%)
- Involved:uninvolved serum free light chain ratio > 100:1
- > 1 focal bone lesion on MRI of at least 5 mm (not same thing as lytic lesion)

Ca = calcium; Hgb = hemoglobin; eGFR = estimated glomerular filtration rate; CT = computed tomography; PET-CT = positron emission 
tomography-computed tomography; MRI = magnetic resonance imaging. SLiM = S (greater than or equal to sixty percent clonal plasma cells 
in the bone marrow), Li (involved/uninvolved free light chain ratio of 100 or more with the involved FLC being greater than or equal 100 mg/L), 
M (MRI with more than one focal marrow lesion).



Increasing Awareness 
of MM TRAEs



Statistical Analysis of Potentially 
Preventable Cancer Patient ED Visits 

• 35.5 million annual ED visits among patients 
with cancer
- 67.1% increase in visits from 2012-2019, compared 

with an increase of just 7.5% in cancer incidence

• 51.6% of visits were identified as potentially 
preventable
- From 2012 to 2019: the absolute number of 

potentially preventable ED increased from 1.8 million 
to 3.2 million
- Potentially preventable ED visits have been 

associated with poor patient experiences and 
increasing cancer care costs
- 30.2% resulted in hospitalization

o Highest: sepsis (93.3%), pneumonia (76.2%), and anemia 
(71.7%), 

o Lowest: pain (23.5%), dehydration (28.0%), and nausea 
(31.8%)

Anemia
Nausea
Fever

Dehydration
Neutropenia

Diarrhea
Pain

Pneumonia
Sepsis
Emesis

List of the CMS Potentially 
Preventable Primary Diagnosis

ED = emergency department.
Tabriz AA, et al. JAMA Netw Open. 2023;6(1):e2250423.



NCCN Guidelines: Management of 
Immunotherapy-Related Toxicities

Thompson JA, et al. J Natl Compr Canc Netw. 2022;20(4):387-405.



Cytokine Release Syndrome

Shimabukuro-Vornhagen A, et al. J Immunother Cancer. 2018;6(1):56.



ASBMT CRS Grading

ASBMT = American Society for Blood and Marrow Transplantation; CRS = cytokine release syndrome; CPAP = continuous positive airway 
pressure; BiPAP = bilevel positive airway pressure.
Lee DW, et al. Biol Blood Marrow Transplant. 2019;25(4):625-638.



NCCN Guidelines: Cytokine 
Release Syndrome (CRS)

Thompson JA, et al. J Natl Compr Canc Netw. 2022;20(4):387-405.



ASCO Guidelines: Cytokine Release Syndrome

ASCO = American Society of Clinical Oncology.
Santamasso BD, et al. J Clin Oncol. 2021;39(35):3978-3992.
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• CAR T-cells have the ability of 
penetrating into the CNS, crossing the 
blood-brain barrier

• BsAbs-related ICANS is mediated 
by the cytokynes released by T- 
lymphocytes, and the T-lymphocyte 
can potentially penetrate

• This can be related with the fact that 
after BsAb the incidence and severity 
are lower

Systemic inflammation and high levels of circulating cytokines → ENDOTHELIAL CELL ACTIVATION and 
BLOOD-BRAIN BARRIER DISRUPTION → INFLAMMATORY CASCADE WITHIN THE CNS → cortical and 
subcortical dysfunction +/- cerebral edema

CNS = central nervous system; ICANS = immune effector cell-associated neurotoxicity syndrome.
Morris EC, et al. Nat Rev Immunol. 2022;22(2):85-96.

ICANS Pathophysiology



NCCN Guidelines: CAR T-Cell-
Related Neurotoxicity Grading

Thompson JA, et al. J Natl Compr Canc Netw. 2022;20(4):387-405.



Daily Sentence Is Key to Early 
Neurotoxicity Detection!!



NCCN Guidelines: CAR T-Cell-
Related Neurotoxicity Treatment

Thompson JA, et al. J Natl Compr Canc Netw. 2022;20(4):387-405.



ASCO Guidelines: Immune Effector 
Cell Neurotoxicity Syndrome

Santamasso BD, et al. J Clin Oncol. 2021;39(35):3978-3992.



Normalization of the Handwriting



ASCO Guidelines: Hemophagocytic 
Lymphohistiocytosis

Santamasso BD, et al. J Clin Oncol. 2021;39(35):3978-3992.



ASCO Guidelines: Cytopenias and B-Cell Aplasia

Santamasso BD, et al. J Clin Oncol. 2021;39(35):3978-3992.



ASCO Guidelines: Infections and DIC

Santamasso BD, et al. J Clin Oncol. 2021;39(35):3978-3992.



MM Treatment Guidelines



Eligibility determined by age, performance status, 
and comorbidities; exact criteria may vary by 
institution

Transplant
eligible

Transplant
ineligible

Assess for responseInductiona

Patients with response or stable disease after 
induction ± SCT may receive maintenance therapy 
until progression or intolerance+/- Maintenance

SCTb

• Quality and duration of 
previous responses

• Aggressiveness of 
disease

• Age
• Preexisting toxicities 
• Performance status
• Bone marrow reserve
• Renal function

Relapsed/refractory MM Consider disease- and patient-related factors

Algorithm for Treatment of MM per NCCN 
Guidelines and Palumbo, et al.

aConsolidation therapy after induction is widely accepted, although no specific guidelines are available. bPlanned tandem or second SCT in 
response to progression. 
SCT = stem cell transplant.
Palumbo A, et al. N Engl J Med. 2011;364(11):1046-1060. National Comprehensive Cancer Network [www.nccn.org]. Last updated April 18, 
2023. https://www.nccn.org/guidelines/category_1. Mohty B, et al. Leukemia. 2012;26(1):73-85.



Current Approvals for Myeloma

IMiDs Proteasome inhibitors Anthracyclines Alkylators Steroids Antibodies SINE CAR T Bispecific Ab

Thalidomide Bortezomib Doxil Melphalan Dexamethasone Elotuzumab Selinexor Ide-cel Teclistamab

Lenalidomide Carfilzomib Doxorubicin Cytoxan Prednisone Daratumumab Cilta-cel Elranatamab

Pomalidomide Ixazomib Bendamustine Solumedrol Isatuximab Talquetamab

IMiD = immunomodulatory drugs; SINE = selective inhibitor of nuclear export.



NCCN Guidelines: Initial 
Therapy | Transplant Eligible

Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Multiple Myeloma V.1.2024. ©National Comprehensive 
Cancer Network, Inc. 2023. All rights reserved. Accessed October 6, 2023. To view the most recent and complete version of the guideline, go online to NCCN.org.



NCCN Guidelines: Initial 
Therapy | Transplant Ineligible

Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Multiple Myeloma V.1.2024. ©National Comprehensive 
Cancer Network, Inc. 2023. All rights reserved. Accessed October 6, 2023. To view the most recent and complete version of the guideline, go online to NCCN.org.



NCCN Guidelines: Early 
Relapse (1-3 Prior Therapies)

PI = proteasome inhibitor.
Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Multiple Myeloma V.1.2024. ©National Comprehensive 
Cancer Network, Inc. 2023. All rights reserved. Accessed October 6, 2023. To view the most recent and complete version of the guideline, go online to NCCN.org.



NCCN Guidelines: Early 
Relapse (1-3 Prior Therapies)

Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Multiple Myeloma V.1.2024. ©National Comprehensive 
Cancer Network, Inc. 2023. All rights reserved. Accessed October 6, 2023. To view the most recent and complete version of the guideline, go online to NCCN.org.



NCCN Guidelines: Late 
Relapse (> 3 Prior Therapies)

CD = cluster of differentiation.
Referenced with permission from the NCCN Clinical Practice Guidelines in Oncology (NCCN Guidelines®) for Multiple Myeloma V.1.2024. ©National Comprehensive 
Cancer Network, Inc. 2023. All rights reserved. Accessed October 6, 2023. To view the most recent and complete version of the guideline, go online to NCCN.org.



R/R MM Treatment: 
Overcoming Resistance 

Barriers  



Overall Survival from Start of Therapy
by Regimen Number
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Once Treatment Fails, Trouble Begins

Kumar SK, et al. Mayo Clin Proc. 2004;79(7):867-874. Kumar SK, et al. Leukemia. 2012;26(1):149-157.
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Triple-Class Refractory Patients Are Growing 
Quickly and Occurring Earlier in RRMM

LoT = lines of therapy; Dx = diagnosis.
Company market research and analysis, Q2 2020. IQVIA patient data, 2015-2018.



E3 ubiquitin
ligase complex

thalidomide
lenalidomide
pomalidomide

19S cap

bortezomib
carfilzomib
ixazomib

20S core

19S cap

dexamethasone
prednisone

glucocorticoid receptor

melphalan
cyclophosphamide
melflufen*

panobinostat†

HDAC

SLAMF7 elotuzumab

daratumumabCD38

BCMA

belantamab mafodotin‡

XPO1

isatuximab

proteasome

idecabtagene vicleucel

cereblon

ciltacabtagene autoleucel

selinexor
venetoclax

teclistamab

Approved October 2022

Approved March 2021

Approved February 2022

GPRC5D

FcRH5

talquetamab

cevostamab

forimtamig (RG6234)

iberdomide (CC-220)
mezigdomide (CC-
92480)
CFT7455

elranantamab
Approved August 2023

Approved August 2023

Moving beyond the 3 Core Drug 
Classes in Multiple Myeloma

*Withdrawal from US market October 2021 withdrawn January 2022. †Withdrawn from US market November 2021. ‡Withdrawn from US market November 2022.
HDAC = histone deacetylase; XPO = exportin; SLAMF = self-ligand receptor of the signaling lymphocytic activation molecule family; BCMA = B-cell maturation 
antigen; GPRC5D = G-protein coupled receptor family C group 5 member D;  FcRH =  Fc receptor-homolog.
International Myeloma Foundation [www.myeloma.org]. Last updated October 22, 2021. https://www.myeloma.org/multiple-myeloma-drugs.



Antibody-Drug Conjugates 
(ADCs) 
Belantamab mafodotin 
CC-99712

Bispecific T-Cell 
Engagers (BiTEs)
CC-93269
REGN5458
JNJ-64007957
PF-06863135

CAR T-Cell Therapies
Idecabtagene vicleucel 
Ciltacabtagene autoleucel 
Orvacabtagene autoleucel 
P-BCMA-101
bb21217
ALLO-715

BCMA-Targeted Therapies for Multiple Myeloma

scFv = single-chain variable fragment.
Yu B, et al. J Hematol Oncol. 2020;13(1):125.



T cell

Bispecific antibody

IgG-like bispecific antibody2CAR T cell1

MM cell

G
P

R
C

5D

CAR T cell

CD
3

Hinge
scFv

Signaling 
domain

CAR

• ADC:
Belantamab 
MEDI2228

• Bispecifics:
AMG701
Teclistamab, 
talquetamab 
Elranatamab 
REGN5458

• CAR T:
Ide-cel
Cilta-cel p-
BCMA- 101 
CT053 
ALLO-715

TNB-
383B CC-
93269
Cevostamab

BCMA:
• Selectively overexpressed in 

plasma cells
• Promotes proliferation and 

survival of MM cells

GPRC5D:
• Highly and selectively 

expressed in MM
• Distribution is similar to but 

independent of BCMA

FCRH5:
• High levels of expression on 

MM cells
• Normally expressed in 

plasma cells only

Antibody–drug conjugate7

BsAbs→New-Generation Immunotherapies in MM

Cilta-cel = ciltacabtagene autoleucel; FcRH5 = Fc receptor-like 5; ide-cel = idecabtagene vicleucel; Ig = immunoglobulin.
Rodríguez-Lobato LG, et al. Front Oncol. 2020;10:1243. Pillarisetti K, et al. Blood Adv. 2020;4(18):4538-4549. Yu B, et al. J Hematol Oncol. 
2020;13(1):125. Verkleij CPM, et al. Blood Adv. 2020;5(8):2196-2215. Smith EL, et al. Sci Transl Med. 2019;11(485):eaau7746. Li J, et al. Cancer 
Cell. 2017;31(3):383-395. Bruins WSC, et al. Front Immunol. 2020;11:1155. Images adapted from Verkleij CPM, et al. Curr Opin Oncol. 
2020;32(6):664-671. Bruins WSC, et al. Front Immunol. 2020;11:1155.



Bispecific Antibody Alnuctamab
(CC-93269)

Erlantamab Linvoseltamab Teclistamab TNB-383B

Treatment SC 
D1,4,8,15,22 
C1, QW C2-3, 

Q2W C4-6, 
Q4W C7-
beyond.

Weekly SC Weekly IV Weekly  SC IV q3w

Patients n=47 n=55 n=252
(Ph1 = 73; Ph2 

= 179)

n=165 n= 60 (≥ 40 mg)

Median prior lines 4 5 5 5 5

Triple-class 
refractory

62% 91%; 24% prior 
BCMA-directed

81% 78% 65%

ORR @

therapeutic dose

10/13 (77%) 

≥ 30 mg SC

64%

215-1000 μg/kg 
SC

64%

200 mg cohort 
(n=58)

63%

1.5 mg/kg SC
 

79% (n=24 
mature)

≥ 40 mg

Duration of response NR 17.1 m NR 18.4 months

AEs, (All %/(Gr 
3+%)
CRS
Infections
Neutropenia
Anemia   
Thrombocytopenia
Deaths (n/%)
Other

89% (62%)
53% (0%)

34% (30%)
34% (17%)

67% (0%)

ICANS 0% (0%)

95% (66%)
37% (1%)

28% (24%)

ICANS
 2% (2%)

100% (95%)
72% (1%)
76% (45%)
71% (64%)
52% (37%)
40% (21%)

Neurotox 15% (1%) 
ICANS 3 (0%)

77% (32%)
52% (3%)

28%
17%

Deaths 5 (5%)

Anti-GPRC5d
Talquetamab

Anti-FcRH5
Cevostamab

SC IV q3w

n=143 (0.4m/kg qwk), 
n=145 (0.8 mg/kg q2wk)

n=160

6/5 6

74%/69% 85%

74%/73% 55% (160 mg)
37% (90mg)

15.6 months

79%/75%
58%/65%

ICANS 11%-11%
Skin-related AEs  

56%-71%
Nail-related AEs 

54%-53%
Dysgeusia 50%-

48%

99% (59%)
80% (1.3%)
43% (19%)
18% (16%)
32% (22%)

Deaths 1pt (0.6%)
Neurological/

Psychiatric 41% 
(4%)

SC = subcutaneous; IV = intravenous; q = every; w = week(s); ORR = overall response rate.
Wong SW, et al. Blood. 2022;140(Suppl 1):400-402. Raje N, et al. Presented at the 64th American Society of Hematology (ASH) Annual Meeting; 
December 10, 2022; New Orleans, Louisiana. Lee HC, et al. J Clin Oncol. 2023;41(16_suppl):8006. Moreau P, et al. N Engl J Med. 
2022;387(6):495-505. Kumar S, et al. Blood. 2021;138(Suppl 1):900. Schinke CD, et al. J Clin Oncol. 2023;41(16_suppl):8036. Trudel S, et al. 
Blood. 2021:138(Suppl 1):157.



BCMA-Bispecific mAbs: Safety profile

NTS = neurotoxic syndrome; mAb = monoclonal antibody.
Harrison SJ, et al. Presented at the 62nd ASH Annual Meeting; December 5-8, 2020. Abstract 181. Costa LJ, et al. Presented at the European 
Hematology Association (EHA) 2020 Congress; June 11-21, 2020; virtual. Abstract S205. Moreau P, et al. Presented at the 63rd ASH Annual 
Meeting; December 11-14, 2021; Atlanta, Georgia. Abstract 896. Sebag M, et al. Presented at the 63rd ASH Annual Meeting; December 11-14, 
2021; Atlanta, Georgia. Abstract 895. Zonder JA, et al. Presented at the 63rd ASH Annual Meeting; December 11-14, 2021; Atlanta, Georgia. 
Abstract 160. Kumar SK, et al. Presented at the 63rd ASH Annual Meeting; December 11-14, 2021; Atlanta, Georgia. Abstract 900.



Anti-GPRC5D Bispecific Antibodies

N Prior BCMA ORR | ≥VGPR PFS CRS (all | ≥3) Tociliz. Schedule Comments

Talquetamab
Chari A et al.,
ASH 2022

145† 11% (bela) 73.1% | 57.2% 11.9 months 72.4% | 0.7% 36.6% sc q2 weeks 0.8 mg/kg sc q2 weeks
Grade 3-4 infections, 11.7%
Any grade skin 67.6%; nail 43.4%; dysgeusia 46.2%

Forimtamig*
(RG6234)
Carlo-Stella C et al.
ASH 2022

57* 21.1% 63.6% | 52.8% 78.% | 1.8% 25.9% sc q2 weeks 1200-7200 μg q2 weeks
Grade 3-4 infections, 26.4%
Any grade skin 86%, nail 28.1%

G protein-coupled receptor class C group 5 member 
D
Orphan receptor of unknown function
High expression in myeloma cells; some expression 
in normal plasma cells; expression independent of 
BCMA
Limited expression in normal tissues; but 
expression in hair follicles, central region of 
tongue
Not shed (unlike soluble BCMA), reduced risk for 
sink effect
Not in memory B cells or progenitor cells

GPRC5D

*91.2% triple class exposed. †Separate cohort (weekly N=43; q2 week N=8) with ORR 72.2% with prior CAR T-cell therapy (out of N=36) and 
44.4% prior bispecific antibody (out of N=18).
Chari A, et al. Presented at the 64th ASH Annual Meeting; December 10-13, 2022; New Orleans, Louisiana. Carmelo CS, et al. Presented at the 
64th ASH Annual Meeting; December 10-13, 2022; New Orleans, Louisiana.



Non-Hematologic Toxicities of Talquetamab
Injection Site Reactions/

Nail Changes
Body RashPalmar/Plantar Desquamation

Ray, et al. Presented at the 20th International Myeloma Society Annual Meeting; September 27-30, 2023; Athens, Greece.



Phase II Pivotal KarMMa Study



How CAR T-Cell Therapy Works

T cell

Viral DNA
insertion

Tumor 
cell

Expression 
of CAR

CAR T cells
multiply and 
release 
cytokines

Tumor cell 
apoptosis

CAR enables T cell 
to recognize tumor 
cell antigen

Antigen

DNA = deoxyribonucleic acid.



CAR T-Cells in Myeloma

Ide-cel 
KarMMa
(n=128)

Cilta-cel
CARTITUDE-1

(n=97)

ARI0002h
(n=30)

P-BCMA-101
PRIME
(n=53)

CT053
LUMMICAR

(n=24)

CT103A
(n=79)

ALLO-715
UNIVERSAL

(n=43)

MCARH10
(n=17 )

Phase II Ib/II I/II I/II I I/II I I
Target BCMA BCMA BCMA BCMA BCMA BCMA BCMA GPRC5D

scFv Chimeric 
mouse Chimeric llama Humanized Chimeric mouse Human Human Human Human

Co-stim 4-1BB 4-1BB 4-1BB 4-1BB 4-1BB 4-1BB 4-1BB 4-1BB

Specificity Autologous Autologous Autologous Autologous - 
piggyBac Autologous Autologous Allogenic CD52 & 

TCR KO Autologous

Age, (range) 61 (33-78) 61 (56-68) 61 (36-74) 60 (42-74) 62 (33-76) 57 (39-70) 64 (46-77) 60 (38-76) 
# of lines 6 6 4 8 NA 5 5 6
HR cytog, % 35 24 33 NA NA 34 37 77
EMD, % 39 13 20 NA NA 13 21 41
Triple-R, % 84 88 67 60 NA 17 91 94
ORR, % 81 98 100 67 87 95 71 69
CR/sCR, % 39 82 63 NA NA 68 25 25
PFS 12.2 m 55%@27 m 53%@18 m NR NR NR NR NR

Approved CAR T-cells Academic Alternative manufacturing Human scFv Allo-CAR GPRC5D

*There are no head-to-head comparisons of these data, and naïve comparison should be conducted with caution.
BCMA = B-cell maturation antigen; EMD = extramedullary disease; HR cytog = high-risk cytogenetics; NA = not available; NR = not reached/not reported; ScFv = single-chain 
variable fragment; TCR = T-cell receptor; triple-R = triple-class refractory; PFS = progression-free survival. 
Anderson L, et al. Presented at ASCO Annual Meeting; June 4-8, 2021; Chicago, Illinois. Abstract 8016. Berdeja J, et al. Lancet. 2021;398(10297):314-324. Lin Y, et al. Presented at the 
EHA2022 Congress; June 9-17, 2022; Vienna, Austria. Abstract P961. Fernández de Larrea C, et al. Presented at the EHA2022 Congress; June 9-17, 2022; Vienna, Austria. Abstract 
S103. Costello C, et al. Presented at 62nd ASH Annual Meeting; December 5-8, 2020; virtual. Abstract 134. Mohyuddin GR, et al. Blood Adv. 2021;5(4):1097-1101. Li C, et al. Presented 
at the EHA2022 Congress; June 9-17, 2022; Vienna, Austria. Abstract S187. Li C, et al. Presented at the 63rd ASH Annual Meeting; December 11-14, 2021; Atlanta, Georgia. Abstract 
143. Mailankody S, et al. Presented at the 63rd ASH Annual Meeting; December 11-14, 2021; Atlanta, Georgia. Abstract 651. Mailankody S, et al. Presented at the 63rd ASH Annual 
Meeting; December 11-14, 2021; Atlanta, Georgia. Abstract 827.



Biological Consequences Following 
Car T-Cell Infusion

IL = interleukin; TNF = tumor necrosis factor; CRP = C-reactive protein; Ag = antigen; MIP = macrophage inflammatory protein; APC = antigen-
presenting cells.
Orlowski RJ, et al. Br J Haematol. 2017;177(1):13-26.



20th IMS Annual Meeting; September 27-30, 2023; Athens, Greece. Rubinstein SM, et al. Eur J Cancer. 2023;189:112926.

Infection and Death in Patients 
Refractory to Lenalidomide

Rates of infection, grade 3 or higher infection, and deaths from infection across selected 
relapsed/refractory multiple myeloma trials enrolling patients refractory to lenalidomide



Clinical Case



Levels 13-04-2020 14-04-2020 15-04-2020 16-04-2020 17-04-2020 20-04-2020

CRP 0.25 mg/dL

Ferritin Normal

D-dimer 0.4 mcg/mL

pro-BNP Normal

Troponin ND

Leucocytes 7.54 x 109/L

Lymphocytes 2.16 x 109/L

Tec 1st step-up dose with premed 

At 12.20 pm-13.35

Admission at the Hospital the Same Day of the 
Lockdown in Spain by COVID-19: April 12, 2020

BNP = brain natriuretic peptide; ND = not detected.



Levels 13-04-2020 13/14-04-2020 15-04-2020 16-04-2020 17-04-2020 20-04-2020

CRP 0.25 mg/dL 9.68 mg/dL

Ferritin Normal 941 ng/mL

D-dimer 0.4 mcg/mL 7.8 mcg/mL

pro-BNP Normal 352.50 pg/mL

Troponin ND Normal

Leucocytes 7.54 x 109/L 3.50 x 109/L

Lymphocytes 2.16 x 109/L 0.47 x 109/L

Tec 1st step-up dose with premed

Fever 38.2ºC at 16:34
with hypotension at 18:57 and 

O2 sat 88% at 17:59

Thoracic pain

Cultures of blood, urine, feces, sputum

X-ray
Broad-spectrum Abs → piperaciline-tazobactam 

G2 CRS: Tocilizumab on 13-04 20

Cardiological evaluation: Normal

Admission at the Hospital the Same Day of the 
Lockdown in Spain by COVID-19: April 12, 2020

O2 sat = oxygen saturation.



Levels 13-04-2020 13-04-2020 15-04-2020 16-04-2020 17-04-2020 18 and 19

CRP 0.25 mg/dL 9.68 mg/dL 7.76 mg/dL

observation

Ferritin Normal 941 ng/mL 732 ng/mL

D-dimer 0.4 mcg/mL 7.8 mcg/mL 19.1 mcg/mL

pro-BNP Normal 352.50 pg/mL -

Troponin ND Normal -

Leucocytes 7.54 x 109/L 3.50 x 109/L 7.54 x 109/L

Lymphocytes 2.16 x 109/L 0.47 x 109/L 0.75 x 109/L

Tec 1st step-up dose with premed

G2 
CRS

Asymptomatic 

Cultures negatives

Admission at the Hospital the Same Day of the 
Lockdown in Spain by COVID-19: April 12, 2020



Tec 1st step-up dose with premed

G2 
CRS

Asymptomatic 

Cultures negatives

Tec 2nd step-up with premed 

At 16:00-17:25

At 23:36
Fever, no hypotension, O2 sat normal 

G1 CRS

2nd dose of tocilizumab

Levels 13-04-2020 14-04-2020 15-04-2020 16-04-2020 17-04-2020 18 and 19

CRP 0.25 mg/dL 9.68 mg/dL 7.76 mg/dL 2.92 mg/dL 2.12 mg/dL

observation

Ferritin Normal 941 ng/mL 732 ng/mL ND 698 ng/mL

D-dimer 0.4 mcg/mL 7.8 mcg/mL 19.1 mcg/mL 2.2 mcg/mL 15.1 mcg/mL

pro-BNP Normal 352.50 pg/mL - - -

Troponin ND Normal - - -

Leucocytes 7.54 x 109/L 3.50 x 109/L 7.54 x 109/L 4.21 x 109/L 10.4 x 109/L

Lymphocytes 2.16 x 109/L 0.47 x 109/L 0.75 x 109/L 1.14 x 109/L 0.4 x 109/L

Admission at the Hospital the Same Day of the 
Lockdown in Spain by COVID-19: April 12, 2020



Levels 13-04-2020 14-04-2020 15-04-2020 16-04-2020 17-04-2020 18 and 19 20-04-2020

CRP 0.25 mg/dL 9.68 mg/dL 7.76 mg/dL 2.92 mg/dL 2.12 mg/dL observation 0.49 mg/dL

Ferritin Normal 941 ng/mL 732 ng/mL ND 698 ng/mL

D-dimer 0.4 mcg/mL 7.8 mcg/mL 19.1 mcg/mL 2.2 mcg/mL 15.1 mcg/mL 0.4 mcg/ml

pro-BNP Normal 352.50 pg/mL - - -

Troponin ND Normal - - -

Leucocytes 7.54 x 109/L 3.50 x 109/L 7.54 x 109/L 4.21 x 109/L 10.4 x 109/L 5.5 x 109/L

Lymphocytes 2.16 x 109/L 0.47 x 109/L 0.75 x 109/L 1.14 x 109/L 0.4 x 109/L 1.44 x 109/L

Tec 1st step-up dose with premed

G2 
CRS

Asymptomatic

Tec 2nd step-up with premed

G2 
CRS

Asymptomatic

Tec 1st full dose with premed

• Asymptomatic

• No more CRS
• Patient is 

discharged after 
48 hours in 
observation

Admission at the Hospital the Same Day of the 
Lockdown in Spain by COVID-19: April 12, 2020



Immunotherapy and TRAEs in 
MM
Monica Kathleen Wattana, MD, FAAEM
Associate Professor
Director of Education
University of Texas MD Anderson Cancer Center
Houston, Texas



Statistical Analysis of Potentially 
Preventable Cancer Patient ED Visits 

• 35.5 million annual ED visits among patients with 
cancer
- 67.1% increase in visits from 2012-2019, compared with 

an increase of just 7.5% in cancer incidence

• 51.6% of visits were identified as potentially 
preventable
- From 2012 to 2019:  the absolute number of potentially 

preventable ED increased from 1.8 million to 3.2 million
- Potentially preventable ED visits have been associated 

with poor patient experiences and increasing cancer care 
costs
- 30.2% resulted in hospitalization

o Highest: Sepsis (93.3%) ,pneumonia (76.2%) , and anemia 
(71.7%), 

o Lowest: Pain (23.5%), dehydration (28.0%), and nausea (31.8%)

Anemia
Nausea
Fever

Dehydration
Neutropenia

Diarrhea
Pain

Pneumonia
Sepsis
Emesis

List of the CMS Potentially 
Preventable Primary Diagnosis

Tabriz AA, et al. JAMA Netw Open. 2023;6(1):e2250423.



Onset of Complications



Cytokine Release Syndrome

Shimabukuro-Vornhagen A, et al. J Immunother Cancer. 2018;6(1):56.



Levels 13-04-2020 13/14-04-2020 15-04-2020 16-04-2020 17-04-2020 20-04-2020

CRP 0.25 mg/dL 9.68 mg/dL

Ferritin Normal 941 ng/mL

D-dimer 0.4 mcg/mL 7.8 mcg/mL

pro-BNP Normal 352.50 pg/mL

Troponin ND Normal

Leucocytes 7.54 x 109/L 3.50 x 109/L

Lymphocytes 2.16 x 109/L 0.47 x 109/L

Tec 1st step-up dose with premed

Fever 38.2ºC at 16:34
with hypotension at 18:57 and 

O2 sat 88% at 17:59

Thoracic pain

Cultures of blood, urine, feces, sputum

X-ray
Broad-spectrum Abs → piperaciline-tazobactam 

G2 CRS: Tocilizumab on 13-04 20

Cardiological evaluation: Normal

CLINICAL CASE - CRS IN THE ED

O2 sat = oxygen saturation.



Pt put in resuscitation room 1:
HR 126      Temp: 38.2   
BP: 82/55  RR 26 SpO2: 80%RA



Fever +

CRS Grading System





CLINICAL CASE ICANS IN THE ED

VS

Helman, A. Koblic, P. Reid, A. Kovacs, G. Emergency Management of Status Epilepticus. Emergency Medicine Cases. December, 2019. 
https://emergencymedicinecases.com/status-epilepticus.



Delirium

Aphasia

Seizures
Cerebral edema

Intracranial hemorrhage

Immune Effector Cell-Associated 
Neurotoxicity Syndrome (ICANS)



Points Assessment

4 Orientation: year, month, city, and hospital

3 Naming: ability to name 3 objects correctly 

1 Following simple commands: ex, close your eyes and smile

1 Writing: able to write a standard sentence

1 Attention: ability to count backwards from 100 by 10

• ICE scoring is as follows
- 10 points: no impairment
- 7-9 points: grade 1 ICANS
- 3-6 points: grade 2 ICANS
- 0-2 points: grade 3 ICANS
- 0 points: assessment unable 

to complete due to severe 
AMS grade 4 ICANS

ICANS Grading Includes the Immune Effector 
Cell-Associated Encephalopathy (ICE) Score 



• ICE score
• Consciousness
• Weakness
• Seizure
• Cerebral edema

ICANS Grading System



CRS Treatment
Grade Symptoms Treatment

1
Temperature > 38˚C
Flu-like symptoms
Nausea

Supportive care
Sepsis workup and empiric abx treatment
Consider tocilizumab for 1 dose for fever lasting greater than 3 days

2
Temperature > 38˚C
Hypotension not requiring vasopressors
Hypoxia responding to < 40% FiO2

Manage fever and sx as in Grade 1
IVF
Supplementary oxygen
Tocilizumab 8mg/kg IV x1 
Consider one dose of glucocorticoids such as methylprednisolone  

3
Temperature > 38˚C
Hypotension requiring 1 vasopressor
Hypoxia requiring ≥ 40% FiO2
 

Manage fever and sx as in Grade 1
Vasopressor
High-flow oxygen support
ICU admission
Tocilizumab 8mg/kg IV x1
Corticosteroids: methylprednisolone 1mg/kg/day
Dexamethasone 10mg/q6hr if more neurologic symptoms

4
Temperature > 38˚C
Hypotension requiring multiple pressors
Hypoxia requiring positive airway pressure
Life-threatening consequences 

Manage fever and sx as in Grade 1
Vasopressor
Mechanical ventilation
ICU admission
Tocilizumab 8mg/kg IV x1
Corticosteroids: methylprednisolone 1mg/kg/day
Dexamethasone 10mg/q6hr if symptoms are more neurologic 

FiO2 = fraction of inspired oxygen; abx = antibiotics; sx = symptoms; IVF = intravenous fluids; ICU = intensive care unit



ICANS Treatment

Grade Description Treatment

1 ICE score 7-9
Spontaneously awake

Supportive care
Seizure prophylaxis
Tocilizumab ONLY if 
concurrent CRS 
present

2 ICE score 3-6
Awakens to voice

Grade 2-4 
Treatment:

3

ICE score 0-2
Awakens to touch
Focal edema on neuroimaging
seizure

Methylprednisolone 
1gram/day

4

ICE score 0
Non-arousable
Status epilepticus
Hemiparesis
Diffuse cerebral edema on neuroimaging

Treat seizure and 
cerebral edema as 
per usual protocols



An App Exists for CAR T Toxicities



A Multidisciplinary Team 
Approach to Care



Patient Physician

Advanced 
practice 

providers

Nursing 

Pharmacists
Patient 

navigators

Technicians 

Rehabilitation 
specialists

Haruzivishe C, et al. Nur Primary Care. 2019;3(1):1-6

Shared Decision-Making for 
Improved ED Management



Haruzivishe C, et al. Nur Primary Care. 2019;3(1):1-6

Shared Decision-Making for 
Improved ED Management

Patient

Nursing

Pharmacy

Medicine

Rehab

Patient

Nursing

Social 
Worker

Pharmacy

Medicine

Rehab

Dietitian

Patient

Nursing

Pharmacy

Medicine

Rehab

Multidisciplinary Interdisciplinary

Interprofessional



ED Management Summary

• High Clinical Index of Suspicion
• Calling consultants early
• Transferring to higher level of care early
• Ordering labs/images to help colleagues on admission



Post-Activity Survey

We appreciate your participation.

Scan the QR Code below or at your table



Question 1

Which of the following targets both CD3 T-cell receptors and the 
GPRC5D MM receptor and has been associated with CRS and 
ICANS?
1. Elranatamab
2. Isatuximab
3. Teclistamab
4. Talquetamab 



Question 2

CRS and ICANS were seen in ___, respectively, of patients 
treated with cilta-cel in the CARTITUDE-1 trial.
1. ~20% and ~60%
2. ~40% and ~80%
3. ~60% and ~40%
4. ~80% and ~20%



Question 3

All of the following may be considered as a therapeutic approach 
to CAR T- and BsAb-associated CRS except?
1. CD-20 blocade with rituximab
2. IL-6 inhibition with siltuxumab
3. IL-6 inhibition with tocilizumab
4. IL-1 inhibition with anakinra
5.  Unsure



Question 4

How confident are you in your ability to incorporate and 
implement a multidisciplinary team (MDT) approach to improve 
MM patient outcomes and quality of life?
1. Very confident
2. Confident
3. Somewhat confident
4. Not very confident
5. Not at all confident



Questions?



Access accreditation information, or 
claim CE credit by scanning the QR code 


