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T-cell redirecting therapies related toxicities

June C et al. Science 2018;359:1361-1365

• CRS, ICANS and HLH are acute, class-toxicity events

• Cytopenia, hypogammaglobulinemia, infections are late-onset complications

CAR T Cells

T-Cell Engagers

Bystander 

immune cells 

CRS, cytokine release syndrome; HLH, hemophagocytic lymphohistiocytosis; ICANS, 
immune effector-cell associated neurotoxicity syndrome



1. Wang Y et al. Int J Lab Hematol 2021
2. Wudhikarn K et al. Blood Cancer J 2020

3. Wang D et al. Blood Cancer J 2021

B-ALL patients1 DLBCL patients2

MM patients3

On-target/off tumor: patients treated with CD19/BCMA directed CAR T cells develop B cell 

aplasia and some degree of hypogammaglobulinemia



ICAHT: EHA/EBMT consensus grading and best practice recommendations

Rejeski K et al. Blood 2023 Sep
Rejeski K et al. Hematology Am Soc Hematol Educ Program 2023 Dec 

ICAHT grading

➢ Cytopenia following CAR–T was recently termed Immune effector Cell-Associated Hematological Toxicity (ICAHT) 

Rejeski K et al Blood Adv 2024 Jan

Clinical impact of severe ICAHT (≥3°)



Drug

CAR-T Bispecific antibodies

Idecabtagene vicleucel Ciltacabtagene Autoleucel MCARH109 Teclistamab Elranatamab
Talquetamab

800 μg  sc
Cevostamab

Study KarMMa KarMMa-3 RW SOC CARTITUDE-1 CARTITUDE-4 RW SOC NCT04555551 MajesTEC-1 MagnetisMM-3 MonumenTAL-1 NCT03275103

Phase study 2 3 // 1B/2 3 // 1 1/2 2 1 1
Target BCMA BCMA BCMA BCMA BCMA BCMA GPRC5D BCMA/CD3 BCMA/CD3 GPRC5D/CD3 FcRH5/CD3

N. of patients 128 245 159 97 208 143 17 165 123 232 160
Neutropenia:

All grade
91% 78% N/A 96% 90% N/A 100% 71% 49% 36% 18% 

Neutropenia: 

G≥3
80% 76% N/A 95% 90% N/A 95% 64% 49% 32% 16%

Thrombo-

cytopenia: 

All grade

63% 54% N/A 79% 54% N/A 88% 40% 40% 23% 10%

Thrombo-

cytopenia: 

G≥3

52% 42% N/A 60% 41% N/A 65% 64% 24% 11% 6%

Anemia:

All grade
70% 66% N/A 81% 54% N/A 88% 52% 49% 43% 40%

Anemia: 

G≥3
60% 51% N/A 68% 36% N/A 65% 37% 37% 23% 22%

CYTOPENIA: SELECTED CLINICAL TRIALS

Median time to recovery from grade ≥3 cytopenias after ide-cel
(KarMMa) and cilta-cel (CARTITUDE-1) exposure was 1-4 months

Munshi et al., NEJM 2021; Rodriguez-Otero et. al, NJEM 2023; Hansen et al., JCO 2023; Berdeja et al., NEJM 
2021; San Miguel et al., NJEM 2023; Hansen et al., JCO 2023; Mailankody et al., NJEM 2022; Moreau, NEJM 
2022; Lesokhin et al., Nature Medicine 2023; Chari et al., NJEM 2022; Trudel et al., Abs 653 63rd ASH 2021



Etiologies of cytopenia post CAR T cell therapy

BMT, bone marrow transplant; HSC, hematopoietic stem cell; IEC-HS, immune effector cell-associated hemophagocytic lymphohistiocytosis-like syndrome; LGL, large granular lymphocyte; TA-TMA, transplant-
associated thrombotic microangiopathy. 

Jain T, et al Blood 2023;141:2460-2469.

Infection
Disease
CAR T cell /BMT Early cytopenia (< 30 days) Prolonged cytopenia (30–90 days) Late cytopenia (> 90 days)
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Infections
LD chemotherapy

Immune-mediated HSC suppression

HLH (rapidly rising ferritin, fever, organ dysfunction)

Immune-mediated mature blood cell destruction

Transplant associated microangiopathy (patients with antecedent BMT)

Primary disease relapse (evaluate for lineage switch)

LGL clone

Secondary marrow neoplasm



Thibaud, Oral Abstract 249 ASH 2022
Thibaud, Oral Abstract 92 ASH 2023

ASCT, autologous stem cell transplantation

Characterization of prolonged cytopenia after CAR-T



• 58 RRMM (median of 5 lines of therapy)
• 49 (84 %) patients received CAR T cell ide-cel

Baseline parameter predicts long duration of grade ≥3 cytopenias after CAR T cell

Preexisting cytopenias, hyperferritinemia and low frequency of CD 4 T cell memory indicate 
long duration of grade 3 cytopenias after CAR T cell

Xiang Zhou et al, Oral Abstract ASH 2023; Blood (2023) 142 (S1): 95



Cellular Dynamics Following CAR T Cell Therapy Are Associated with 
Response, Resistance and CRS in RRMM

CRS and cytopenias are connected to each other

▪ 27 RRMM patients treated with Ide-cel

Fischer L et al, Oral Abstract ASH 2023;  Blood (2023) 142 (S1):1008



CAR-HEMATOTOX score as a prognostic model of toxicity and response in patients 
receiving BCMA-directed CAR-T

Rejeski K et al. Hematology Am Soc Hematol Educ Program 2023 Dec
Rejeski et al. Journal of Hematology & Oncology (2023) 16:88

The CAR-HEMATOTOX score identifies patients at risk for severe hematotoxicity



The CAR-HEMATOTOX score identifies patients at risk for 
poor treatment outcomes

The CAR-HEMATOTOX score identifies patients at 
risk for severe infectious complications

CAR-HEMATOTOX score as a prognostic model of toxicity and response in patients 
receiving BCMA-directed CAR-T

Rejeski et al. Journal of Hematology & Oncology (2023) 16:88



Rejeski K et al. Hematology Am Soc Hematol Educ Program 2023 Dec 

Recognizing, defining, and managing CAR-T hematologic toxicities

DIAGNOSTIC WORKUP



Rejeski K et al. Hematology Am Soc Hematol Educ Program 2023 Dec 

Treatment algorithm for immune effector cell associated hematotoxicity

Rejeski et al. Blood 2023
Galli et al. Bone marrow transplant 2020 
Lievin et al. Bone marrow transplant 2022
Miller et al. Blood Cancer J 2022



Munshi et al., NEJM 2021; Rodriguez-Otero et. al, NJEM 2023; Hansen et al., JCO 2023; Berdeja et al., NEJM 
2021; San Miguel et al., NJEM 2023; Hansen et al., JCO 2023; Mailankody et al., NJEM 2022; Moreau, NEJM 
2022; Lesokhin et al., Nature Medicine 2023; Chari et al., NJEM 2022; Trudel et al., Abs 653 63rd ASH 2021;

INFECTIONS and HYPOGAMMAGLOBULINEMIA: 
SELECTED CLINICAL TRIALS

Drug
CAR-T Bispecific antibodies

Idecabtagene vicleucel Ciltacabtagene Autoleucel MCARH109 Teclistamab Elranatamab
Talquetamab

800 μg  sc
Cevostamab

Study KarMMa KarMMa-3 RW SOC CARTITUDE-1 CARTITUDE-4 RW SOC NCT04555551 MajesTEC-1 MagnetisMM-3 MonumenTAL-1 NCT03275103

Phase study 2 3 // 1B/2 3 // 1 1/2 2 1 1
Target BCMA BCMA BCMA BCMA BCMA BCMA GPRC5D BCMA/CD3 BCMA/CD3 GPRC5D/CD3 FcRH5/CD3

N. of patients 128 245 159 97 208 143 17 165 123 232 160
Infections:

All grade
88% 58% N/A 58% 62% N/A 18% 76% 70% 34% 42.5%

Infections: 

G≥3
22% 24% N/A 20% 27% N/A 12% 45% 40% 7% 19%

Hypogammagl

obulinemia
21% N/A N/A N/A 43% N/A N/A 75% 75% 71% N/A

N/A: not available; G: grade; N: number 



Wang Y. et al. Blood Adv. 2021
Kambhampathi et al. Blood Advances 2022

Hypogammaglobulinemia in retrospective studies of BCMA CAR T-cell therapy 



Hypogammaglobulinemia in retrospective studies with BiTes

Lancman et al, Blood 2022 Hammons et al, JAMA Open 2022



Teclistamab impairs humoral immunity in patients with heavily pretreated myeloma: 
importance of immunoglobulin supplementation

Kristine A Frerichs et al. Blood Adv 2024 Jan



Van de Donk N, et al. Athens IMS 2023 
Nooka et al. Cancer 2023 Nov

Hematologic toxicity and infections in MajesTEC-1



Clinical management of infection in T-cell redirecting therapies

Ludwig H et al. Lancet Oncology 2023
Raje N et al. Lancet Hematol 2022

Mohan M et al. BJH 2023

EMN expert 
panel

IMWG

COMMIT expert panel

IMWG manuscript under revision (Rodriguez-Otero et al.)



CONCLUSION

• ICAHT and hypogammaglobulinemia are common complications of CAR T-cell and BsAb therapy.

• Profound/prolonged cytopenias and hypogammaglobulinemia are important drivers of increased infection risk.

• CAR–HEMATOTOX scoring system enables pretherapeutic risk assessment and presents the potential for risk-
adapted management.

• Management of cytopenias following novel immunotherapies is supportive: G-CSF is the mainstay of treatment.
Clinical management of G-CSF refractory ICAHT can be challenging.

• Prophylactic administration of IVIG is recommended in patients with low IgG concentrations (< 400 mg/dl +/-
recurrent infections).

• Future studies will need to elucidate pathophysiology and predictors of these toxicities, and to develop
evidence-based management strategies (e.g., HT-adapted strategies for anti-infective prophylaxis and early G-CSF
use, optimal duration and dosing of IVIG replacement, etc.)
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