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ZUMA-1 Trial1
n = 101
Median follow-up: 63.1 months
Best ORR:  83%, CR: 58%
5-year PFS: 31.8% (95% CI: 22.9-41.1)

1adapted from Neelapu SS, et al. Blood. 2023; Epub ahead of print.

CAR-T saves lives but there is room for improvement
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Ibrutinib, a BTK inhibitor, may improve CAR-T cell manufacturing, 
in vivo cellular kinetics, and antitumor efficacy

1Dubovsky, et al. Blood. 2013;122:2539-2549; 2Fraietta, et al. Blood. 2016;127(9):1117-1127.
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Long, et al. J Clin Invest. 2017;127:3052-3064.

Ibrutinib Improves T Cell Number and Function in CLL
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Fraietta, et al. Blood.  2016; 127:1117-1127; Dubovsky, et al. Blood.  2013;122:2539-2549; Long, et al. J Clin Invest. 2017;127:3052-3064.

Ibrutinib Improves T Cell Number and Function in CLL
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• CAR T expansion kinetics and response in CLL patients 

Functional T Cell Subsets May Determine CAR T Cell Responses

*

CR, complete remission; PRTD, partial remission with late relapse of transformed disease; PR, partial response; NR, no response 

Fraietta, et al. Nat Med 2018; 24:563–571. 
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→ Responders upregulate memory-related gene and IL-6/STAT3 signatures
→ Non-responders upregulate programs involved in effector T cell 

differentiation, glycolysis, exhaustion and apoptosis

• Genomic and phenotypic evaluation of CLL patient-derived CAR T cells 
Functional T Cell Subsets May Determine CAR T Cell Responses

Fraietta, et al. Nat Med 2018; 24:563–571. 
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Functional T Cell Subsets May Determine CAR T Cell Responses
• Genomic evaluation of CLL patient-derived CAR T cells 

Genes Significantly Up- or Down-regulated

CR, complete remission; PRTD, partial remission with late relapse of transformed disease; 
PR, partial response; NR, no response Fraietta, et al. Nat Med 2018; 24:563–571. 
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Objectives

• To assess the safety, tolerability, and antitumor activity of tisagenlecleucel in 
combination with ibrutinib in adult patients with r/r DLBCL

• To describe the T-cell immunophenotype and functional activity of the 
leukapheresis and final tisagenlecleucel product in patients who had initiated 
ibrutinib prior to or post apheresis, arm 1 and arm 2, respectively

Ibrutinib Before Apheresis May Improve Tisagenlecleucel Manufacturing in 
Relapsed/Refractory Large B-Cell Lymphomas: a Phase 1b Study
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Study Design: Phase Ib, Multicenter, Nonrandomized, Open-Label

A Patients in Arm 1 were enrolled after completion of enrollment of Arm 2. b Lymphodepleting chemotherapy, ending at least 2 days before tisagenlecleucel infusion, was either fludarabine
(25 mg/m2) and cyclophosphamide (250 mg/m2) daily for 3 days or bendamustine (90 mg/m2) daily for 2 days. C Patients in complete response at 12 months post infusion were discontinued 
from ibrutinib.
alloSCT, allogeneic stem cell transplant; autoSCT, autologous stem cell transplant; BOR, best overall response; CAR, chimeric antigen receptor; CD, cluster of differentiation; CNS, central 
nervous system; DLBCL, diffuse large B-cell lymphoma; r/r, relapsed or refractory.
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Patient Demographics and Baseline Clinical Characteristics

As of September 14, 2020, 10 patients had been treated and observed through at least the Month 3 assessment



14

Efficacy and Safety Outcomes

• Six of 10 patients (60%) across both treatment arms had grade 1 CRS; no other instances of CRS were observed, and no patients required 
tocilizumab or were admitted to the intensive care unit

• One patient in Arm 2 (17%) had grade 1 ICANS; no other instances of ICANS were reported

• Three of 4 patients (75%) in Arm 1 and 2 of 6 patients (33%) in Arm 2 achieved a BOR of CR
– *Two patients responded to ibrutinib alone: Patient No. 4 in Arm 1 and patient No. 10 in Arm 2
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Summary of CAR-T Treatment-Emergent AEs

• One patient in Arm 2 (17%) had grade 3 neutropenia lasting >28 days post tisagenlecleucel infusion; no other patients had grade 3 or 4 
neutropenia or thrombocytopenia lasting >28 days

• Ibrutinib-related bradycardia and atrial fibrillation (both grade 2) were each observed in 1 patient in Arm 1a; supraventricular tachycardia (grade 
1) related to tisagenlecleucel was observed in 1 patient in Arm 2. One patient in Arm 1 with low platelet levels at baseline (grade 1) had a 
decrease in platelet count (grade 2) related to ibrutinib. No major bleeding events were observed

a Ibrutinib was discontinued in the patient with bradycardia and was dose-reduced to 140 mg/day in the patient with atrial fibrillation. 
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Impact of Ibrutinib on CAR-T Cell Manufacturing

• FP, final product

• Arm 1 was associated with higher total CAR+ manufactured cells and higher viability of the final product compared with Arm 2

• The median dose of tisagenlecleucel infused was moderately higher in Arm 1 compared with Arm 2: 3.9 (range, 3.4-4.6) vs 1.7 
(range, 1.2-3.0) × 108 CAR+ viable T cells, respectively
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Impact of Ibrutinib on T-Cell Phenotype in Apheresis Product

• Arm 1 was associated with an increased percentage of naïve/TSCM cells in the leukapheresis material compared with Arm 2

• Arm 1 was associated with a final product characterized by preserved production of IFNγ (effector cytokine considered as a biomarker 
for potency) and increased production of IL-2 (proliferative cytokine considered a marker of self-renewal) upon antigen-specific
stimulation
Data pertaining to IFNγ and IL-2 release are normalized to a non–CD19-expressing cell line: K562 meso cells.
CD, cluster of differentiation; CM, central memory (CD45RA-/CCR7+); N+TSCM, naïve/stem cell-like central memory (CD45RA+/CCR7+); IFNγ, interferon gamma; IL, interleukin;
LKPK, leukapheresis starting material; TDN, transduced number
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• These results support the feasibility of administering ibrutinib to patients with DLBCL throughout tisagenlecleucel 
therapy

• Ibrutinib may improve CAR-T cell manufacturing when given prior to apheresis: T-cell phenotype and 
function were associated with less differentiated cells and preserved production of IFNγ and IL-2.   
Further studies are needed to confirm these findings

• An increased safety risk was not observed in patients who were administered ibrutinib prior to 
apheresis

• Results from patients administered ibrutinib prior to apheresis are promising. However, efficacy 
claims are limited by the small, non-randomized nature of this study. Further studies will be needed 
to characterize the impact of ibrutinib pre-treatment in patients with DLBCL

Conclusions
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Biliang Hu, Carl June, et al., created IL-18-secreting CAR T cells (IL-18-CAR T) 
to significantly boost CAR T cell proliferation and antitumor activity. 

Preclinical studies showed:
• Robust enhancement of proliferation of IL-18-secreting human T cells in a xenograft model, 

which was dependent on TCR and IL-18R signaling. 
• IL-18 augmented IFN-γ secretion and proliferation of T cells activated by the endogenous 

TCR. 
• In a xenograft model, TCR-deficient, human IL-18-expressing CD19 CAR T cells exhibited 

significantly enhanced CAR T cell proliferation and antitumor activity.

Augmentation of Antitumor Immunity
by Human and Mouse CAR T Cells Secreting IL-18

Hu B, et al. Cell Rep.  Sep 26; 2017(13)20, 3025–3033. 
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IL-18 Secreting Anti-CD19 CAR-T Cells after Prior CAR-T Failure
- Patient characteristics, prior CAR-T treatment, and protocol therapy
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IL-18 Secreting Anti-CD19 CAR-T Cells after Prior CAR-T Failure
- Safety (N=8) and efficacy (N=7)
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IL-18 Secreting Anti-CD19 CAR-T Cells after Prior CAR-T Failure
- huCART19-IL18 expansion and persistence (N=8)

- Conclusions
• huCART19-IL18 has a manageable safety profile 
• Expansion and persistence of huCART19-IL18 cells appear adequate 
• Early efficacy is observed across dose levels in lymphoma patients previously refractory to or relapsing after commercial CAR T-cell products 
• Enrollment continues
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