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Outline
▪ Diffuse large B-cell lymphoma 

▪ 3rd line and beyond (ZUMA 1, JULIET, TRANSCEND NHL 001)
▪ 2nd line (ZUMA 7, TRANSFORM) 
▪ Proposed algorithm 

▪ Mantle cell lymphoma 
▪ ZUMA 2 

▪ Follicular lymphoma 
▪ ZUMA 5 
▪ ELIANA

▪ CAR T-cell associated toxicities

▪ CAR T-cell therapy failure mechanism(s)
▪ Treatment options (?)

▪ Take home messages



What is CAR T-cell therapy? 

▪Stands for Chimeric Antigen Receptor T-cell Therapy

▪ Immunotherapy that uses engineered T lymphocytes to 
specifically target the intended cancer cell 
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Normal T-cell CAR T-cell 

Target antigen 

Signaling domain 
         Antigen recognition domain 

Adapted and modified from Hinrichs CS & Restifo NP. Nat Biotechnol. 2013; 31(11):999-1008

CD19: B-cell lymphoma/ALL 
BCMA: Multiple myeloma

FDA approved

CAR T-cell benefits
▪ Localization
▪ Cytotoxic killing
▪ Expansion 
▪ Persistence 



Diffuse large B cell lymphoma 
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Crump M, et al. Blood. 2017; 130 (16): 1800-09 

Before availability of CAR-T 
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ZUMA 1: Axicabtagene ciloleucel 

7-10X ↑ CR rates 

Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44

Variables DLBCL PMBCL or TFL All pts 

N pts enrolled 81 30 111

N pts treated with axi-cel 77 (95%) 24 (80%) 101 (91%)

Median (range) age, years 58 (25-76) 57 (23-76) 58 (23-76)

Stage III-IV disease 67 (87%) 19 (79%) 86 (85%)

≥ 3 prior lines of therapy 49 (64%) 21 (88%) 70 (69%)

Relapsed after auto-HCT 16 (21%) 5 (21%) 21 (21%)
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Neelapu SS, et al. Blood Adv. 2021 Oct 26;5(20):4149-4155

Treatment difference

HR=0.27 (95%CI=0.00-0.38)

73% reduction in risk of death
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Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44



5-Year OS
With ≥5 years of F/U:
▪ 5-year OS rate was 42.6% (95% CI, 32.8-

51.9) among pts treated with axi-cel

The 5-year OS rate:

▪ In CR=64.4% (95% CI, 50.8-75.1); the median 
survival time among complete responders was 
not reached (95% CI, 63.4-NE)

▪ 37 of 59 CR patients (63%) are still alive at 
the 5-year data cutoff

▪ One patient’s event time was updated from Month 42 to 39 after data cutoff and is not 
reflected in this figure

▪ Axi-cel, axicabtagene ciloleucel; CR, complete response; NE, not estimable; OS, overall
survival; PD, progressive disease; PR, partial response

138 Jacobson et al. ASH 2021 Poster #1764

Jacobson C, et al. ASH 2021, Abs 1764
Neelapu SS, et al. Blood. 2023. Online ahead of print



Locke & Neelapu et al                      AACR 2017                   #9986

DOR by best objective response 
(median F/U of 15.4 months)

Neelapu SS, et al. N Engl J Med. 2017; 377:2531-44

CR matters!



Schuster SJ, et al. Lancet Oncol. 2021; 22:1403-15

▪ At a median follow-up of 40.3 months 
(IQR 37·8–43·8)

▪ ORR= 53% by IRC-assessed
▪ CR= 39%
▪ The median time to first response= 29 

(28-31) days 

Variables All pts 

N pts 
enrolled 

111

Median 
(range) age, 

years 

56 (22-76)

Stage III-IV 
disease

84 (76%)

≥ 3 prior 
lines of 
therapy 

57 (52%)

Relapsed 
after auto-

HCT

54 (49%)

Schuster SJ, et al. N Engl J Med. 2019; 380:45-56
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Abramson JS, et al. Lancet. 2020; 396;839-52 

Overall survival Progression-free survival 

TRANSCEND NHL 001
(Lisocabtagene maraleucel)



Double/triple hit lymphoma
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Kieron Dunleavy, Double-hit lymphoma: optimizing therapy, 
Hematology Am Soc Hematol Educ Program, 2021, 
Copyright © 2023 American Society of Hematology 

Dunleavy K. Hematology Am Soc Hematol Educ Program. 2021;2021(1):157-63
Herrera AF, et al. J Clin Oncol. 2017; 35: 24-31
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Zurko J, et al. Am Soc Hematol 2022 (Abs 154)

DHL Non-DHL P-value 

ORR 69% 66% 0.7

mPFS 7.5 months 6.2 months 0.2

mOS NR 21 months 0.6

Predictor of inferior PFS on multivariable analysis
▪ >2 lines of therapy pre-apheresis
▪ Bridging therapy
▪ Elevated LDH at apheresis

▪ 536 pts from 13 US centers
▪ 408 pts included  (DHL=80; non-DHL=328)

 



▪3 randomized studies: 

▪ZUMA-7: Axi-cel vs. SOC (Axi-cel better)

▪TRANSFORM: Liso-cel vs. SOC (Liso-cel better)

▪BELINDA: Tisagenlecleucel vs. SOC (no difference)
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Moving CAR T-cell therapy to 2nd line 

X



Locke et al    ASH 2021           Plenary Abstract 2

Patient Disposition: Nearly 3× as Many Axi-Cel Patients 
Received Definitive Therapy Versus SOC Patients

17

SOC Arm
n=179

Received ≥ 1 Dose of Salvage 
Chemotherapy

n=168

Axi-Cel Arm
n=180

Enrolled (Randomized)
N=359

Received Lymphodepleting 
Chemotherapy

n=172

Received Axi-Cel Infusion
n=170

Underwent Leukapheresis
n=178

Responded to Salvage Chemotherapy 
and Underwent Leukapheresis

n=69

Received HDT-ASCT 
n=64

Responded to Salvage Chemotherapy
n=80

36% received HDT-ASCT94% received Axi-Cel

Reasons Did Not Undergo 
Leukapheresis
• PD (n=1)
• Other (n=1)

Reasons Not Received
• AE (n=2)
• Death (n=2)
• PD (n=1)
• Other (n=1)

Reasons Not Received
• AE (n=2)

Reasons Not Received
• Patient request (n=8)
• Lost to follow-up (n=1)
• Other (n=2)

Reasons for Not Proceeding
• PD (n=56)
• SD (n=27)
• AE (n=1)
• Other (n=4)

Reasons Did Not Undergo  
Leukapheresis 
• PD (n=9)
• AE (n=1)
• Insufficient response 

(n=1)

Reasons HDT Not Received
• PD (n=5)

ASH Plenary presentation: courtesy Dr. Frederick Locke 
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Primary endpoint: EFS

Locke FL, et al. N Engl J Med. 2022;386(7):640-654

EFS
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Westin JR, et al. N Engl J Med. 2023; Jun 5. doi: 10.1056/NEJMoa2301665. Online ahead of print

ZUMA 7: shows OS 
advantage (vs. SOC)



ZUMA-7 subgroup analysis
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Locke FL, et al. N Engl J Med. 2022;386(7):640-654
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EFS

Kamdar M, et al. Lancet 2022; 399: 2294–308

No updates on OS (yet)
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TRANSFORM: subgroup analysis

Kamdar M, et al. Lancet 2022; 399: 2294–308



CIBMTR analysis: CAR-T vs. auto-HCT in 
chemosensitive disease (PR)

▪ Patients in partial response (PR)
▪ CAR T=145
▪ Auto-HCT=266

▪ Median age, years
▪ CAR T= 60 (24-91) yrs
▪ Auto-HCT=58 (18-80), p=0.07

▪ Median lines of prior therapies
▪ CAR T= 3 (2-11)
▪ Auto-HCT=2 (1-6), p<0.001

Shadman M, et al. Blood. 2022; 139(9):1330-39



CIBMTR analysis: CAR-T vs. auto-HCT in 
complete remission (CR)

CAR T Auto-HCT P-value 
Relapse 
(2-year)

48% 27.8% ↓ <0.001

PFS
(2-year)

47.8% 66.2% ↑ <0.001

OS
(2-year)

66.5% 78.9% ↑ 0.037

Univariate analysis 

Shadman, et al. Am Soc Hematol 2023 (Abs 781)
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Proposed treatment algorithm in DLBCL
DLBCL

R-CHOPPrimary refractory Responsive

Relapse

CAR T-cell therapy
▪ Axi-cel
▪ Liso-cel

Within < 12 months ≥ 12 months 

2nd line therapy

Sensitive Refractory

Auto-HCT CAR T-cell therapy
▪ Axi-cel
▪ Tisagenlecleucel
▪ Liso-cel

PR/CR

Bispecific Abs 
▪ Glofitamab
▪ Epcoritamab



ZUMA-2: Baseline characteristics
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Wang M, et al. ASH 2019. Abs 754
Wang M, et al. NEJM. 2020. 382:1331



ZUMA-2: ORR 
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ASH 2019. Abs 754

Wang M, et al. ASH 2019. Abs 754
Wang M, et al. NEJM. 2020. 382:1331



ZUMA-2
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ASH 2019. Abs 754

Wang M, et al. ASH 2019. Abs 754
Wang M, et al. NEJM. 2020. 382:1331
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Mantle cell lymphoma: ZUMA-2 study 
3-year update (OS)

Wang M, et al. J Clin Oncol. 2023;41(3):555-567



Proposed algorithm for relapsed MCL
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Relapsed MCL 
Could have received: 
▪ Chemoimmunotherapy 
▪ And/or autologous HCT 
▪ And/or BTK inhibitors

Response to subsequent line(s) of therapy

No Yes  

Brexucabtagene autoleucel
Clinical trial  

Donor available 
and patient fit 

Allogeneic HCT 

Yes No 

Autologous HCT (if no prior)
Pirtobrutinib 
Clinical trial  



Follicular lymphoma

▪~5% of all hematologic neoplasms

▪Marked heterogeneity, several morphological variants 
and specific subtypes

▪Usually indolent, with a median overall survival of >15 
years

▪ Yet, remains incurable

▪~20% progress or relapse within 2 years of treatment 
initiation → dismal prognosis (POD24)
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Carbone A, et al. Nat Rev Dis Primers. 2019; 5(1):83
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1ry endpoint: ORR by IRRC

Median F/U=17.5 months

Median PFS= Not reached

for FL; 12 months for MZL 

Median OS= Not reached for 

FL and MZL 

Jacobson CA, et al. Lancet Oncol. 2022 Jan;23(1):91-103
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▪ Updated outcomes from ZUMA-5 after ≥4 years median follow-up

▪ 159 pts enrolled (127 FL; 31 MZL) and 152 treated with axi-cel (124 FL; 28 MZL)

▪ Median F/U 52.5 months (range, 20.3-69.4; FL: 53.7, MZL: 43.8)

▪ Median progression-free survival= 57.3 months (95%CI=34.9-NE)

▪ 4-year PFS=52%

▪ Median overall survival (OS)= Not reached
▪ 4-year OS=72%

Neelapu SS, et al. Am Soc Hematol. 2023 (Abs 4868)
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N=97 
Median prior therapies of 4 (2-13)
FLIPI high >3=59.8%
Median F/U 9.9 months 

Median OS not reached

Fowler NH. Nat Med. 2021, Dec 17. doi: 10.1038/s41591-021-01622-0. Online ahead of print
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Dreyling M, et al. Am Soc Hematol 2022 (Abs 608)

▪ 94 pts evaluable for efficacy

▪ Median F/U= 28.9 months 

▪ Complete response rate=68% 

▪ Overall response rate= 86.2%

▪ Median PFS= Not reached 

▪ Estimated 2-year PFS=57.4%

▪ Estimated 2-year OS=87.7%

PFS by best overall response



©2011 MFMER  |  slide-36

Kambhampati S, et al. Am Soc Hematol 2023 (Abs 2121)

Historical SOC: chemotherapy, 
anti-CD20 mAb + chemotherapy, 
immunomodulatory IMID drugs)

https://ash.confex.com/data/abstract/ash/2023/9/2/Paper_178629_abstract_313654_0.jpg
https://ash.confex.com/data/abstract/ash/2023/9/2/Paper_178629_abstract_313654_0.jpg


Toxicities associated with 
CAR T-cell treatments 



Short-term toxicity(ies)



▪ Potentially serious complication of CAR-T therapy

▪ Knowledge about exact mechanism continues to evolve 

▪ Cytokine mediated inflammatory response:
▪ In vivo CAR-T activation and expansion
▪ Also, from immune cells (macrophages) that respond to 

CAR-T activation

▪ Symptoms: Mild (pyrexia) → severe (hemodynamic compromise 
and organ failure) 

▪ Median time to onset: varies according to product (2-4 days)

▪ Rare: Hemophagocytic lymphohistiocytosis (HLH)/macrophage 
activation syndrome (MAS) 

Cytokine Release Syndrome (CRS)

Murthy H, et al. Immunotargets Ther. 2019; 8: 43-52
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Lee DW, et al. Biol Blood Marrow Transplant. 2019; 25: 625-38



ASTCT consensus grading (CRS)

Lee DW, et al. Biol Blood Marrow Transplant. 2019; 25: 625-38

▪ Always rule out a possible infectious cause of the fever
     Blood and urine cultures, chest X-ray, examine sites of IV lines
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Management of CRS by Grade 

▪ Grade 1: r/o sepsis, antimicrobials commonly started, anti-pyretics, 
consider tocilizumab for fevers lasting >2-3 days or refractory 
fevers 

▪ Grade 2: guided management of hypotension (IV fluids), hypoxia 
(nasal canula), tocilizumab ± glucocorticoids

 

▪ Grade 3: ICU consult, vasopressors, high-flow oxygen, non-
rebreather mask, glucocorticoids

▪ Grade 4: multiple pressors, mechanical ventilation, glucocorticoids, 
anakinra (if refractory, off label), siltuximab (if refractory, off label) 



Risk factors 
▪ CAR-T product (Axi-cel)

▪ High tumor burden

▪ Higher peak of CAR-T cells

▪ Pre-existing neurologic comorbidities 

▪ Disease burden in the bone marrow (B-ALL)

▪ Severity of CRS 

Chavez JC, et al. Hematol Oncol Stem Cell Ther. 2020 Mar;13(1):1-6

Neurotoxicity 



Lee DW, et al. Biol Blood Marrow Transplant. 2019; 25: 625-38

*ICE: Immune Effector Cell-Associated Encephalopathy score

ASTCT Consensus Grading (ICE score*)



ASTCT consensus Grading (ICANS*)

Lee DW, et al. Biol Blood Marrow Transplant. 2019; 25: 625-38

*ICANS: Immune effector cell-associated neurotoxicity syndrome



©2011 MFMER  |  slide-46

Management of neurotoxicity by Grade 

▪ Grade 1: Supportive care, aspiration precautions, avoid 
CNS acting drugs 

▪ Grade 2: Anti-seizure precautions, consider glucocorticoids 
(dexamethasone or solumedrol), neuro-ICU consult  

▪ Grade 3: Continue glucocorticoids (dexamethasone or 
solumedrol), consider radiologic eval (r/o increased 
intracranial pressure), airway protection 

▪ Grade 4: Continue glucocorticoids, airway protection



Long-term toxicities 



▪ Duration of cytopenias post 
CAR T-cell therapy is 
variable, ranging from 14 to 
180 days, sometimes 
longer 

▪ Significant percentage 
experience persistent 
cytopenias lasting >30 
days 

Transfusion dependence  

Infections 

Prolonged hospitalization 

Increased medical costs

Zhu F et al. Cell Transplant. 2020 Jan-Dec;29:963689720919434
Yassine F et al. Hematol Oncol Stem Cell Ther. 2022; 15(3):122-130

Cytopenia (CAR-to-penia) 



Causes of cytopenia after CAR T cell 
therapy?

Early cytopenia Prolonged cytopenia

Effect of bridging therapy 
(CT/XRT)

Effect of Lymphodepleting agents

CAR T cell construct

Complications: CRS, IEC-HS

Immune related cytopenia?

Cytopenia of unclear cause?

CHIP

Secondary malignancy

Disease relapse

Infections

Day 30



Therapy-related myeloid neoplasms 
following CAR T-cell therapy

Alkhateeb HB et al. Blood Cancer J. 2022;12(7):113

▪ 189 pts treated with CAR T-cell at Mayo Clinic of whom 10 
(5.3%) developed t-MN. Five received prior autologous HCT

▪ Median interval from CAR T → t-MN 9.8 (IQR 3.6-19.8) mos

▪ Pre-CAR T BM samples on three patients, NGS:
▪ DNMT3A (Arg882His, VAF 7%)
▪ DNMT3A (Met801Val, VAF 8%)
▪ TP53 (Ile254Ser, VAF 40%)



Management of cytopenias

▪ Largely relies on supportive care 

▪ G-CSF is used for the management of neutropenia

▪ The European Society of Blood and Marrow 
Transplantation practice guidelines recommend waiting 
at least 14 days post CAR T-cell infusion prior to 
considering G-CSF for management of neutropenia

Jain T, et al. Blood. 2023; 141 (20): 2460–2469
Yakoub-Agha I, et al. Haematologica. 2018; 105 (2): 297
Galli E, et al. Bone Marrow Transplant. 2020; 55:2347–2349



Management of cytopenias

▪ Routine anti-bacterial and anti-fungal prophylaxis not 
recommended
▪ Targeted based on clinical suspicion 

▪ Anti-viral and anti-pneumocystis pneumonia prophylaxis 
recommended from start of lymphodepletion to 1-year post CAR T-
cell or until CD4 count >0.2x10^9 /L

▪ IVIG replacement to be considered in adults who have had 
infections with encapsulated organisms

▪ In clinical practice and in trials, IVIG replacement often considered 
and targeted to trough IgG levels > 400 mg/dL
▪ But, how often to be checked? 

Yakoub-Agha I et al. Haematologica. 2020; 105(2):297-316



CAR T-cell therapy failure 

▪Dismal prognosis in general
▪ Median overall survival after failing axicabtagene ciloleucel

approx. 6 months 
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Spiegel JY, et al. Blood. 2021; 137 (13): 1832-35
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CD19 negative escapeCD19 positive disease
Relapse 

Plaks, et al. Blood. 2021; 138 (12): 1081–1085

New approaches needed: New target(s), multi-targets, etc. 

CD19 negative escape= 30% 
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▪ N=88
▪ 18 US centers 

Zurko J, et al. Haematologica. 2023; 108: 98-109 

1-year OS=59% (95% CI: 49-72)



What about a new target different from 
CD19? 
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Manufactured in Mayo Clinic Florida

▪ We manufactured a novel CAR-T cell therapy targeting B-cell activating 
factor receptor (BAFF-R), a key regulator of B-cell proliferation and 
maturation→ we named it MC10029
▪ Revised manuscript version submitted to journal (pending decision)

▪ Pre-clinical data completed 

▪ FDA granted an IND (June 21, 2023)

▪ Phase I clinical trial anticipated to activate in March 2024 

▪ Study will allow inclusion of prior CD19-guided CAR T-cell failures
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Luo et al. Cancer Immunol Immunother.2023; 72: 4031-47

Z138 cells: Blastoid variant of MCL
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As of 12-31-2023, the FDA had become aware of 22 cases of T-cell cancers that 
occurred after CAR-T product treatment. Such cancers include: T-cell lymphoma, 
T-cell LGL, PTCL, and CTCL

Among 14 cases with data, cancers manifested within 2 years after CAR T cells 
(range, 1 to 19 months), with roughly half occurring within the 1st year

Some are still under investigation. In 3 cases for which genetic sequencing was 
performed, the CAR transgene was detected in the malignant clone

With > 27,000 doses of the 6 approved products having been administered in the 
USA, the overall rate of T-cell cancers is low

Verdun N, et al. N Engl J Med. 2024; Jan 24 (online ahead of print)



Take home messages 

▪ CAR-T revolutionized Rx of DLBCL, MCL, and FL. Here to stay!

▪ In relapsed/refractory DLBCL (≥ 3rd line, 5-year OS ≥ 42.6% (axi-cel))

▪ For DLBCL achieving CR, (≥ 3rd line, 5-year OS=64.4% (axi-cel))

▪ In 1ry refractory DLBCL or early relapse (<12 months)

▪ Axi-cel better than SOC (PFS, OS); Liso-cel better than SOC (PFS)

▪ Responses are sustained in MCL and FL
▪ For MCL in CR, 30-mos OS=76.1% (Brexu-cel)
▪ For FL in CR, 3-year OS=75% (Axi-cel)
▪ For FL in CR, 2-year OS=87.7% (Tisa-cel)
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Take home messages 

▪ Short-term toxicities are unique (CRS and ICANS), but 
manageable 

▪ Long-term more challenging 
▪ Pancytopenia 
▪ Hypogammaglobulinemia 
▪ Therapy-related myeloid neoplasms

▪ CHIPs prior to CAR T-cell vs. after CAR T-cell? 
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