
UC San Diego
UC San Diego Previously Published Works

Title
Lisocabtagene maraleucel combined with ibrutinib in R/R CLL or SLL: primary results from 
TRANSCEND CLL 004.

Permalink
https://escholarship.org/uc/item/9tc4m34b

Journal
Blood

ISSN
0006-4971

Authors
Wierda, William G
Dorritie, Kathleen A
Gauthier, Jordan
et al.

Publication Date
2026-07-01

DOI
10.1182/blood.2026033565

Copyright Information
This work is made available under the terms of a Creative Commons Attribution License, 
available at https://creativecommons.org/licenses/by/4.0/
 
Peer reviewed

eScholarship.org Powered by the California Digital Library
University of California

https://escholarship.org/uc/item/9tc4m34b
https://escholarship.org/uc/item/9tc4m34b#author
https://creativecommons.org/licenses/by/4.0/
https://escholarship.org
http://www.cdlib.org/


American Society of Hematology
2021 L Street NW, Suite 900,
Washington, DC 20036
Phone: 202-776-0544 | Fax 202-776-0545
editorial@hematology.org

Lisocabtagene maraleucel combined with ibrutinib in R/R CLL or SLL: primary
results from TRANSCEND CLL 004
Tracking no: BLD-2026-033565R1

William Wierda (The University of Texas MD Anderson Cancer Center, United States) Kathleen Dorritie
(UPMC, United States) Jordan Gauthier (Fred Hutchinson Cancer Research Center, United States)
Rajneesh Nath (Banner MD Anderson Cancer Center, United States) Thomas Kipps (University of
California, San Diego School of Medicine, United States) Peter Riedell (The David and Etta Jonas
Center for Cellular Therapy, University of Chicago, United States) Herbert Eradat (UCLA, United
States) Saad Kenderian (Mayo Clinic, United States) Mohamed Kharfan-Dabaja (Mayo Clinic, United
States) Nirav Shah (Medical College of Wisconsin, United States) Scott Solomon (Northside Hospital
Cancer Institute, United States) Deborah Stephens (Lineberger Cancer Center, University of North
Carolina, United States) Daniel Ermann (Huntsman Cancer Institute, University of Utah, United
States) Jon Arnason (Beth Israel Deaconess Medical Center, United States) Abhinav Deol (Wayne State
University, United States) Tatyana Feldman (Hackensack University Medical Center, United States)
Charalambos Andreadis (University of California San Francisco, United States) Monalisa Ghosh
(University of Michigan, United States) Shuo Ma (Northwestern University, United States) Stephen
Schuster (Lymphoma Program, Abramson Cancer Center, University of Pennsylvania, United States)
Usama Gergis (Thomas Jefferson University, United States) Julie Vose (University of Nebraska
Medical Center, United States) Jacob Soumerai (Mass General Brigham Cancer Institute, United
States) Koen van Besien (Seidman Cancer Center, United States) Sherilyn Tuazon (Bristol Myers
Squibb, United States) Serena Perna (Bristol Myers Squibb, United States) San-San Ou (Bristol Myers
Squibb, United States) Revathi Ananthakrishnan (Bristol Myers Squibb, United States) Neha Rane
(Bristol Myers Squibb, United States) Eniko Papp (Bristol Myers Squibb, United States) Sahar Ansari
(Bristol Myers Squibb, United States) Ethan Thompson (Bristol Myers Squibb, United States) Abood
Okal (Bristol Myers Squibb, United States) Leanne Peiser (Bristol Myers Squibb, United States)
Yizhe Chen (Bristol Myers Squibb, United States) Sanhita Sengupta (Bristol Myers Squibb, United
States) Pradipta Ray (Bristol Myers Squibb, United States) Jixian Wang (Bristol Myers Squibb,
Switzerland) Tanya Siddiqi (City of Hope Orange County, United States) 

Abstract:
Patients in the liso-cel plus ibrutinib cohort of the phase 1/2, open-label TRANSCEND CLL 004 study
had relapsed/refractory chronic lymphocytic leukemia (CLL)/small lymphocytic lymphoma (SLL) and
received liso-cel (50×106 [dose level (DL)1] or 100×106 [DL2] chimeric antigen receptor–positive T
cells) with concurrent ibrutinib from enrollment through 90 days after liso-cel infusion or longer
per investigator discretion. Primary end point was complete response/remission (CR)/CR with
incomplete marrow recovery (CRi) by investigator assessment. Among 56 patients who received
ibrutinib plus liso-cel (DL1, n=5; DL2, n=51), median (range) age was 64.5 years (44‒77), 98% had
high-risk cytogenetics, 55% had progression on Bruton tyrosine kinase inhibitor and venetoclax
failure, and median (range) number of prior therapies was 5 (1‒13). Median (range) follow-up was
24.8 months (3.1‒51.8). At DL2, CR/CRi rate was 45% (95% confidence interval [CI], 31‒60) and
overall response rate was 86% (95% CI, 74‒94). Median (95% CI) duration of response was not reached
(NR; 28.7‒NR) for patients with CR/CRi and 41.4 months (23.3‒NR) for all responders. Median (95%
CI) progression-free survival was 31.4 months (20.1‒NR). In DL1+DL2, most common grade ≥3
treatment-emergent adverse events (TEAE) were neutropenia (52%) and anemia (41%). Cytokine release
syndrome was reported in 80% of patients (grade 3, 4%; no grade 4/5), and neurological events in
41% (grade 3/4, 11%; no grade 5). Ibrutinib-related TEAEs were reported in 68% of patients (grade
3/4, 43%; no grade 5). Liso-cel plus ibrutinib demonstrated notable efficacy in patients with
relapsed/refractory CLL/SLL with predictable and manageable safety. Clinicaltrials.gov:
NCT03331198; NCT03435796.

Conflict of interest: COI declared - see note

COI notes: W.G.W. received research funding from AbbVie, AstraZeneca/Acerta Pharma, Bristol Myers
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KEY POINTS (140 characters, including spaces for each point) 63 

 Liso-cel plus ibrutinib showed substantial efficacy with deep remissions, 64 

supporting use of the combination in patients with R/R CLL/SLL (138/140 65 

max) 66 

 The safety profile was manageable with no new signals or added toxicity, 67 

supporting the potential of the combination in this population (137/140 max) 68 
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ABSTRACT (249/250 words) 69 

Patients in the liso-cel plus ibrutinib cohort of the phase 1/2, open-label 70 

TRANSCEND CLL 004 study had relapsed/refractory chronic lymphocytic leukemia 71 

(CLL)/small lymphocytic lymphoma (SLL) and received liso-cel (50×106 [dose level 72 

(DL)1] or 100×106 [DL2] chimeric antigen receptor–positive T cells) with concurrent 73 

ibrutinib from enrollment through 90 days after liso-cel infusion or longer per 74 

investigator discretion. Primary end point was complete response/remission (CR)/CR 75 

with incomplete marrow recovery (CRi) by investigator assessment. Among 56 76 

patients who received ibrutinib plus liso-cel (DL1, n=5; DL2, n=51), median (range) 77 

age was 64.5 years (44‒77), 98% had high-risk cytogenetics, 55% had progression 78 

on Bruton tyrosine kinase inhibitor and venetoclax failure, and median (range) 79 

number of prior therapies was 5 (1‒13). Median (range) follow-up was 24.8 months 80 

(3.1‒51.8). At DL2, CR/CRi rate was 45% (95% confidence interval [CI], 31‒60) and 81 

overall response rate was 86% (95% CI, 74‒94). Median (95% CI) duration of 82 

response was not reached (NR; 28.7‒NR) for patients with CR/CRi and 41.4 months 83 

(23.3‒NR) for all responders. Median (95% CI) progression-free survival was 31.4 84 

months (20.1‒NR). In DL1+DL2, most common grade ≥3 treatment-emergent 85 

adverse events (TEAE) were neutropenia (52%) and anemia (41%). Cytokine release 86 

syndrome was reported in 80% of patients (grade 3, 4%; no grade 4/5), and 87 

neurological events in 41% (grade 3/4, 11%; no grade 5). Ibrutinib-related TEAEs 88 

were reported in 68% of patients (grade 3/4, 43%; no grade 5). Liso-cel plus ibrutinib 89 

demonstrated notable efficacy in patients with relapsed/refractory CLL/SLL with 90 

predictable and manageable safety. Clinicaltrials.gov: NCT03331198; NCT03435796. 91 
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INTRODUCTION 92 

Lisocabtagene maraleucel (liso-cel) is an autologous, CD19-directed, 4-1BB chimeric 93 

antigen receptor (CAR) T-cell product that is approved for the treatment of multiple 94 

relapsed or refractory (R/R) B-cell malignancies, including chronic lymphocytic 95 

leukemia (CLL)/small lymphocytic lymphoma (SLL).1-7 In the TRANSCEND CLL 004 96 

(NCT03331198) study, a single infusion of liso-cel as monotherapy resulted in 97 

durable complete responses/remissions (CR) or CR with incomplete marrow 98 

recovery (CRi) and manageable safety in patients with R/R CLL/SLL. In patients who 99 

previously experienced disease progression on a Bruton tyrosine kinase inhibitor 100 

(BTKi) and venetoclax failure, liso-cel at a target dose of 100×106 CAR+ T cells 101 

achieved a CR/CRi rate of 18% (95% confidence interval [CI], 9‒32; null hypothesis, 102 

≤5%; P = .0006) per independent review committee assessment and median duration 103 

of response (DOR) of 35 months in the primary analysis5; the rate increased to 20% 104 

(95% CI, 10‒34) in a subsequent analysis with longer follow-up.8 Because T cells 105 

from patients with CLL/SLL are generally immunologically impaired, there is an 106 

opportunity to improve the efficacy of this treatment for patients with CLL/SLL.9,10 107 

The effects of the BTKi, ibrutinib, including potential off-target activity on interleukin-108 

2–inducible T-cell kinase (ITK) and TEC family kinases, can influence CAR T-cell 109 

biology directly by altering T-cell phenotype, function, and proliferation.11-13 110 

Preclinical data show that ibrutinib improves liso-cel activity directly, enhancing CAR 111 

T-cell efficiency through increased cytokine secretion and T-cell activation.14 Both 112 

ibrutinib and the second-generation BTKi, acalabrutinib, extended survival in tumor-113 

bearing mice combined with CAR T cells. Ibrutinib also has a broad off-target activity 114 

against ITK in T cells, including skewing T-cell development towards Th1 and 115 

memory phenotypes.14 Based on these promising preclinical results, pilot and single-116 
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center clinical studies of ibrutinib combined with other CAR T-cell therapies 117 

demonstrated the potential to improve in vivo CAR T-cell expansion and function and 118 

achieve high response rates in R/R CLL/SLL.15,16 However, larger, multicenter 119 

studies were lacking. 120 

Here, we report the results from the primary analysis of the cohort of patients with 121 

R/R CLL/SLL who received liso-cel plus ibrutinib in the multicenter, open-label, phase 122 

1/2 TRANSCEND CLL 004 study.123 
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METHODS 124 

Study design and participants 125 

TRANSCEND CLL 004 was a multicenter, open-label, phase 1/2 study conducted in 126 

the United States.5 The study enrolled patients aged ≥18 years with a diagnosis of 127 

CLL or SLL with measurable disease and an indication for treatment based on 128 

investigator assessment, Eastern Cooperative Oncology Group performance status 129 

of ≤1, and adequate bone marrow (BM) and organ function. Additionally, patients 130 

must have met ≥1 of the following: 1) receiving a BTKi with progressive disease at 131 

the time of enrollment; 2) receiving a BTKi ≥6 months with a response less than CR 132 

and with high-risk cytogenetics (complex karyotype [≥3 chromosomal abnormalities], 133 

del(17p), TP53 mutation, or unmutated immunoglobulin heavy-chain variable region 134 

gene); 3) have BTK or PLCγ2 mutation per local laboratory assessment with or 135 

without progression on ibrutinib; and/or 4) previously received a BTKi with no 136 

contraindications to initiating or reinitiating ibrutinib. Additionally, starting on 16 137 

February 2021 (after protocol amendment 5), patients must also have progressed on 138 

a BTKi and received prior venetoclax. The full eligibility criteria are provided in the 139 

supplement. 140 

Procedures 141 

The ibrutinib combination cohort was evaluated in phase 1 dose-escalation and 142 

dose-expansion portions of the study. Results of the dose-escalation portion of the 143 

study were reported.17 At enrollment, patients started or continued ibrutinib at 420 mg 144 

daily (or less if previously reduced to manage toxicity) through leukapheresis and for 145 

up to 90 days after liso-cel administration (or longer per investigator discretion), 146 

unless toxicity required dose reductions or discontinuation. Patients who previously 147 
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discontinued ibrutinib restarted treatment as soon as possible after confirming 148 

eligibility, before leukapheresis. Bridging therapy in addition to ibrutinib during liso-cel 149 

manufacturing was allowed at the investigator’s discretion (supplement) with 150 

measurable disease reconfirmed before lymphodepletion (30 mg/m2 fludarabine and 151 

300 mg/m2 cyclophosphamide intravenously daily for 3 days). Patients received 152 

liso-cel infusion at a target dose of 50 × 106 (dose level [DL]1) or 100 × 106 (DL2) 153 

CAR+ T cells 2‒7 days after lymphodepletion. DL2 was selected as the 154 

recommended dose for expansion based on dose-escalation results.17 155 

End Points and Assessments 156 

The primary end point of the dose-expansion portion of the study was CR/CRi rate 157 

per investigator using 2018 International Workshop on CLL criteria at the 158 

recommended dose (end point definitions are in supplemental Table 1).18 159 

Secondary end points included safety (type, frequency, and severity of adverse 160 

events [AE] and laboratory abnormalities), overall response rate (ORR), undetectable 161 

minimal residual disease at 10−4 sensitivity (uMRD4) rate in peripheral blood (PB; in 162 

all patients and those with best response of CR/CRi), DOR, DOR in patients with 163 

CR/CRi, time to response, time to CR/CRi, progression-free survival (PFS), and 164 

overall survival (OS). Exploratory end points included cellular kinetics, liso-cel 165 

transgene persistence, rates of B-cell aplasia (defined as <3% CD19+ B cells in PB 166 

lymphocytes as assessed by flow cytometry) and gene expression. Assessment of 167 

uMRD4 rate in BM was conducted post hoc. Assessment details are in the 168 

supplemental Methods and supplemental Table 2. 169 

Post hoc analyses of gene signatures indicative of T-cell exhaustion/dysfunction 170 

were performed on cells from patients in the liso-cel plus ibrutinib and liso-cel 171 

monotherapy cohorts from TRANSCEND CLL 004. T-cell exhaustion analyses are 172 
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described in the supplement. 173 

Liso-cel–treated patients who completed or withdrew from TRANSCEND CLL 004 174 

could enroll in a separate long-term follow-up (LTFU) study (NCT03435796) for 175 

safety and OS for up to 15 years after liso-cel. Data from LTFU were included for 176 

study duration, OS, and death analyses. 177 

Statistical analysis 178 

The study planned to enroll approximately 20 patients evaluable for dose-limiting 179 

toxicities in the dose-escalation portion; those patients not evaluable were replaced. 180 

After enrollment of the dose-escalation portion, the cohort was expanded to treat an 181 

additional ~20‒50 patients at the recommended dose to further evaluate safety and 182 

efficacy. Analyses were performed on the combined population of patients from the 183 

dose-escalation and dose-expansion portions. 184 

Post hoc propensity score matching and weighting analyses were performed to 185 

compare efficacy and safety outcomes between the liso-cel plus ibrutinib and liso-cel 186 

monotherapy cohorts (conducted in parallel [nonrandomized]) from TRANSCEND 187 

CLL 004. The methodology and end points assessed are detailed in the 188 

supplement. 189 

There was no efficacy hypothesis testing; all analyses were descriptive except for the 190 

propensity score matching and weighting analyses. Analysis sets are defined in 191 

supplemental Table 3. 192 

 193 

The study was conducted in accordance with the Declaration of Helsinki, 194 

International Conference on Harmonisation Good Clinical Practice guidelines, and 195 
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applicable regulatory requirements. Institutional review boards at participating 196 

institutions approved the study protocol and amendments. All patients provided 197 

written informed consent before any study-related procedures. 198 

DATA SHARING STATEMENT 199 

Bristol Myers Squibb policy on data sharing may be found at 200 

https://www.bms.com/researchers-and-partners/independent-research/data-sharing-201 

request-process.html.  202 
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RESULTS 203 

Patients 204 

Between 16 August 2018 and 23 November 2021, 65 patients were enrolled in the 205 

liso-cel plus ibrutinib cohort and underwent leukapheresis. Of those, CAR T-cell 206 

product was successfully manufactured for 63 (97%) patients (liso-cel, n = 62; 207 

nonconforming product, n = 1; supplemental Table 4). Fifty-six (86%) patients 208 

received liso-cel (DL1, n = 5; DL2, n = 51) plus ibrutinib (supplemental Table 5); 209 

reasons for not receiving combination treatment are in Figure 1. All 56 patients were 210 

efficacy evaluable. In the combination-treated set, 55 (98%) patients had high-risk 211 

cytogenetics (del[17p], mutated TP53, unmutated immunoglobulin heavy-chain 212 

variable region, or ≥3 chromosomal aberrations), and median (range) sum of the 213 

product of perpendicular diameters was 27.3 cm2 (1.4‒217.7) (Table 1). Patients had 214 

a median (range) of 5 (1‒13) prior lines of systemic therapy, including 13 (23%) who 215 

received ≤2 prior therapies, and 55% experienced progression on prior BTKi and 216 

discontinued venetoclax due to progression, intolerability, or lack of response. 217 

Sixteen (29%) patients received bridging therapy for disease control in addition to 218 

concurrent ibrutinib during liso-cel manufacturing (supplemental Table 6). 219 

Median (range) time from leukapheresis to liso-cel availability was 25 days (17‒79) 220 

and from leukapheresis to liso-cel infusion was 35 days (28‒179). Median (range) 221 

time of ibrutinib exposure was 34 days (15‒188) from leukapheresis to liso-cel 222 

infusion and 95 days (6‒1517) after liso-cel infusion (supplemental Table 7); 12 223 

(21%) patients required ibrutinib dose adjustment and 31 (55%) discontinued ibrutinib 224 

due to AEs or other reasons (supplemental Table 8). At data cutoff (12 January 225 

2024), 28 (50%) of 56 patients discontinued the study, 11 (20%) completed the 226 

study, and 17 (30%) were ongoing; 5 (18%) of 28 eligible patients enrolled in LTFU 227 
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(Figure 1). Median (range) on-study follow-up (including LTFU) was 24.8 months 228 

(3.1‒51.8). 229 

Efficacy 230 

Efficacy results are reported in patients in the combination-treated efficacy set who 231 

received liso-cel at DL2 (n = 51). The primary end point of investigator-assessed 232 

CR/CRi rate was 45% (n = 23; 95% CI, 31‒60; CR, n = 21; CRi, n = 2), and the 233 

secondary end point of ORR was 86% (n = 44; 95% CI, 74‒94) (Table 2). CR/CRi 234 

rate and ORR were generally consistent across patient subgroups, including those 235 

with high-risk cytogenetics and BTKi progression/venetoclax failure (supplemental 236 

Figure 1). All 51 patients were MRD-evaluable in PB and 49 were evaluable in BM. 237 

The uMRD4 rate based on all patients in the efficacy set was 86% (n = 44; 95% CI, 238 

74‒94) in PB and 84% (n = 43; 95% CI, 71‒93) in BM. In patients who achieved 239 

CR/CRi (n = 23), uMRD4 rate was 96% (n = 22; 95% CI, 78‒100) in both PB and BM 240 

(supplemental Table 9). For most responders, CLL cell clearance in both PB and 241 

BM occurred by day 30 (supplemental Table 10). Median (range) time to first 242 

response (CR/CRi/partial response/remission [PR]/nodular PR [nPR]) and first 243 

CR/CRi was 1.0 month (0.9‒6.0) and 3.1 months (0.9‒12.1), respectively. Of the 23 244 

patients with a best response of CR/CRi, 11 had CR/CRi as their first response; the 245 

remaining 12 had a first response of PR/nPR, which deepened to CR/CRi. Median 246 

(95% CI) PFS and OS were 31.4 months (20.1‒NR) (Figure 2A) and NR (27.5‒NR) 247 

(Figure 2B), respectively, with a 24-month PFS and OS rate of 62% (95% CI, 46‒74) 248 

and 80% (95% CI, 65‒88), respectively. All 16 patients who were ongoing (ie, in 249 

follow-up at data cutoff) were responders (12 patients had a best response of CR/CRi 250 

and 4 had a best response of PR/nPR). Median (95% CI) DOR was 41.4 months 251 

(23.3‒not reached [NR]) (Figure 2C) with a 24-month probability of continued 252 
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response of 65% (95% CI, 47‒79) and the median (95% CI) DOR in patients with 253 

CR/CRi was NR (28.7‒NR) with a 24-month probability of continued CR/CRi of 85% 254 

(95% CI, 60‒95). 255 

In post hoc analyses of the 44 patients in the combination-treated efficacy set at DL2 256 

with uMRD4 in PB, the median (95% CI) PFS was 31.4 months (20.1‒NR) (Table 2); 257 

for the 22 patients who achieved CR/CRi, median (95% CI) PFS was NR (29.6‒NR) 258 

and for the 19 patients who achieved PR/nPR, median (95% CI) PFS was 16.6 259 

months (11.9‒31.4) (Figure 2D). 260 

Safety 261 

In the combination-treated set, 48 (86%) patients experienced grade ≥3 treatment-262 

emergent AEs (TEAE; defined as AEs that occurred within 90 days of liso-cel 263 

administration or within 30 days of ibrutinib completion, whichever ended later; Table 264 

3 and supplemental Table 11), most commonly neutropenia (52%) and anemia 265 

(41%). There were no grade 5 TEAEs, including no grade 5 TEAEs related to liso-cel 266 

or ibrutinib. Grade ≥3 TEAEs considered related to liso-cel by investigator 267 

assessment occurred in 32 (57%) patients (supplemental Table 12) and grade ≥3 268 

TEAEs considered related to ibrutinib by investigator assessment occurred in 24 269 

(43%) patients (supplemental Table 13), including cardiovascular events of 270 

hypertension (7%) and atrial fibrillation (2%). There were a total of 5 hemorrhage 271 

events reported on study as follows: 2 low-grade hemorrhage events considered 272 

related to ibrutinib by investigator assessment (grade 2 post-procedural hematuria, 273 

n = 1; grade 1 catheter site hemorrhage, n = 1) and 3 additional low-grade 274 

hemorrhage events not considered related to treatment (grade 1 oral blood blister, 275 

n = 1; grade 1 hemoptysis, n = 1; grade 1 hematuria, n = 1). None led to ibrutinib 276 
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discontinuation. Four of the 5 patients with hemorrhage events were receiving 277 

anticoagulant or antiplatelet therapy at the time of event. 278 

A total of 18 deaths occurred on study (supplemental Table 14), including 2 279 

between leukapheresis and lymphodepletion (intraparenchymal hemorrhage, n = 1 280 

[this patient was on ibrutinib when the event started, which eventually led to its 281 

discontinuation]; unknown, n = 1) and 16 >90 days after CAR T-cell infusion. The 282 

primary causes of death were disease progression (n = 6), unknown (n = 6, including 283 

3 patients who had withdrawn consent), COVID-19 infection (n = 3), and mixed 284 

septic/cardiogenic shock (n = 1). 285 

Any-grade cytokine release syndrome (CRS) was reported in 45 (80%) patients in 286 

the combination-treated set (Table 3 and supplemental Table 15) with 2 (4%) 287 

patients experiencing grade 3 CRS and no grade 4 or 5 events reported. Any-grade 288 

neurological events (NE) were reported in 23 (41%) patients with 5 (9%) patients 289 

experiencing grade 3 NEs, 1 (2%) with a grade 4 NE, and no grade 5 events 290 

reported. The most common grade ≥3 nervous system TEAEs regardless of 291 

attribution were aphasia and encephalopathy in 3 (5%) patients each (supplemental 292 

Table 16). Thirty-three (59%) patients received tocilizumab and/or corticosteroids for 293 

the treatment of CRS and/or NEs, including 9 (16%) who received tocilizumab only, 5 294 

(9%) who received corticosteroids only, and 19 (34%) who received both tocilizumab 295 

and corticosteroids; 1 (2%) patient received a vasopressor. Grade 3 infections were 296 

reported in 8 (14%) patients, with no grade 4 or 5 infections reported. Prolonged 297 

cytopenias (grade ≥3 at the day 30 visit) were reported in 25 (45%) patients; of 298 

patients with prolonged cytopenia and laboratory results after day 30, 3 (100%) of 3 299 

patients with anemia, 14 (70%) of 20 patients with neutropenia, and 14 (100%) of 14 300 

patients with thrombocytopenia recovered to grade ≤2 levels by day 90 301 
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(supplemental Table 17). Five (9%) patients had second primary malignancies; 302 

none were T-cell malignancies. Macrophage activation syndrome and tumor lysis 303 

syndrome (both grade 3 events) were reported in 1 (2%) patient each. 304 

Cellular kinetics 305 

In the cellular kinetic set (n = 54), liso-cel showed rapid expansion with a median 306 

(interquartile range [IQR]) time to maximum expansion (tmax) of 10 days (IQR, 9‒14) 307 

(Figure 3A and supplemental Table 18); median (IQR) maximum transgene level 308 

(Cmax) was 127,350 copies/μg (47,091‒228,924) and area under the curve for 309 

transgene levels from 0 to 28 days after infusion (AUC(0‒28d)) was 833,643 days × 310 

copies/μg (446,493‒1,671,085) with no apparent differences in cellular kinetics 311 

between DLs (supplemental Table 18). For context, while TRANSCEND CLL 004 312 

was not designed to compare cohorts, in the monotherapy cohort, median (IQR) tmax 313 

was 14 days (10‒15), Cmax was 76,662 copies/μg (29,568‒182,265), and AUC(0‒28d) 314 

was 663,910 days × copies/μg (204,380‒1,714,815).5 Persistence of the liso-cel 315 

transgene was detected up to 24 months after liso-cel infusion in 7 of 20 evaluable 316 

patients (Figure 3B). B-cell aplasia rates over time are in supplemental Figure 2. 317 

Propensity score matching and weighting analyses 318 

Post hoc propensity score matching and weighting analyses were conducted to 319 

adjust for any differences in key characteristics between the liso-cel monotherapy 320 

and liso-cel plus ibrutinib combination cohorts. Patient characteristics before and 321 

after balancing are shown in supplemental Table 19. The odds of CR/CRi and 322 

overall response were higher with combination treatment (statistically significant) by 323 

most comparison methods (supplemental Table 20). Hazard ratios for PFS and OS 324 

and odds ratios for grade ≥3 CRS/NE were numerically lower with combination 325 
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treatment vs monotherapy, though not statistically significant for most comparison 326 

methods. 327 

T-cell exhaustion gene signature score 328 

In pooled gene signature score analyses using cells from patients who received 329 

liso-cel plus ibrutinib and liso-cel monotherapy, reduced T-cell exhaustion gene 330 

signature score19,20 in sorted CAR-positive T cells at Cmax was associated with a 331 

trend toward improved PFS (Figure 4A). Furthermore, a significantly lower T-cell 332 

exhaustion score at Cmax was observed in CAR-positive T cells from patients who 333 

achieved uMRD4 in BM compared with those who were MRD detectable; however, 334 

no significant differences were observed in CAR-negative T cells or by MRD status in 335 

PB (Figure 4B). In analyses comparing gene signature scores in cells from patients 336 

who received liso-cel plus ibrutinib vs liso-cel monotherapy, significantly lower T-cell 337 

exhaustion score at Cmax was observed in patients who received combination 338 

treatment vs monotherapy (Figure 4C). No difference was observed in exhaustion 339 

scores in CAR-negative T cells between treatment groups.  340 
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DISCUSSION 341 

In this primary analysis of the combination cohort from TRANSCEND CLL 004, 342 

liso-cel plus ibrutinib treatment demonstrated substantial efficacy with deep 343 

remissions in patients with R/R CLL/SLL. The safety profile was manageable, with 344 

low rates of severe CRS and NEs and no new safety signals or added toxicity, 345 

supporting the potential of the combination in this population. 346 

Liso-cel is an effective treatment for patients with R/R CLL/SLL, including those with 347 

disease that has failed targeted therapies. However, the efficacy of CAR T-cell 348 

therapies in CLL has historically been limited by acquired T-cell dysfunction, 349 

characterized by impaired proliferative capacity, exhausted phenotype, and 350 

diminished T-cell cytotoxicity.19,21,22 Ibrutinib- and other BTKi-mediated effects on 351 

CAR T-cell functionality may improve CAR T-cell performance.14 Additionally, in 352 

preliminary analyses of CAR+ T cells from patients treated with liso-cel plus ibrutinib 353 

compared with liso-cel alone, ibrutinib decreased the expression of pathways 354 

associated with inflammatory signaling and reduced serum interleukin-6, and these 355 

changes were associated with enhanced CAR T-cell function and efficacy.23 Overall, 356 

these studies suggested that adding ibrutinib could enhance both efficacy and safety 357 

of CAR T-cell treatment in B-cell malignancies. 358 

The feasibility of ibrutinib plus CAR T-cell combination treatment in patients with R/R 359 

CLL was originally explored by smaller, single-center studies.15,16 A phase 1/2 360 

feasibility study of 19 patients with R/R CLL and high-risk disease features treated 361 

with CD19-directed CAR T-cell therapy with or without concomitant ibrutinib was 362 

conducted at the Fred Hutchinson Cancer Center/University of Washington 363 

(NCT01865617).15 Patients treated with combined therapy achieved an ORR of 83%, 364 

CR rate of 22%, and BM uMRD4 rate of 72%.15 Similarly, in a single-center, phase 2 365 
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study of 19 patients with CLL treated with CD19-directed CAR T cells and ibrutinib at 366 

the University of Pennsylvania (NCT02640209), the CR rate was 44% and BM uMRD 367 

at 10−5 sensitivity rate was 72% in evaluable patients.16 368 

In TRANSCEND CLL 004, high ORR and uMRD4 rates were also observed with 369 

combined therapy. Among the 51 liso-cel plus ibrutinib-treated patients who received 370 

liso-cel at DL2, CR/CRi rate was 45%, ORR was 86%, and PB uMRD4 rate was 86% 371 

(BM uMRD4 rate, 84%). In patients treated at DL2 who achieved CR/CRi, uMRD4 372 

rate was 96% in both PB and BM. Grade ≥3 CRS (4%) and NEs (11%) were low in 373 

all combination-treated patients. The heterogeneity in ibrutinib treatment duration 374 

after liso-cel infusion in TRANSCEND CLL 004 limits understanding of the optimal 375 

duration of ibrutinib in this combination therapy. 376 

Previous reports suggested that increased T-cell exhaustion markers and late 377 

differentiation of CAR T cells derived from patients with CLL were associated with 378 

lack of favorable responses.19,23 Our exploratory gene expression analysis extends 379 

previous work by demonstrating a significant reduction in CAR T-cell exhaustion at 380 

the time of maximal CAR T-cell expansion in patients treated with liso-cel and 381 

ibrutinib compared with patients treated with liso-cel alone. These data suggest that 382 

ibrutinib treatment may reduce exhaustion in CAR T cells after infusion and are 383 

among the first data demonstrating that combination treatment can directly improve 384 

CAR T-cell function in patients, translating into improved responses. BTKi therapy 385 

holds promise in mitigating intrinsic factors that could otherwise diminish CAR T-cell 386 

function over time during antigen exposure, either through BTK-dependent or -387 

independent mechanisms, such as ITK inhibition.12 Preclinical data indicate that 388 

acalabrutinib exhibits limited impact on ITK activity, while ibrutinib induces broader 389 

gene expression changes, consistent with preclinical studies.14 Zanubrutinib has also 390 
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demonstrated ITK inhibition preclinically,24 but its effects and the effects of 391 

noncovalent BTKis on CAR T-cell therapy remain to be explored.25-27 Therefore, a 392 

class-wide (covalent or noncovalent) BTKi benefit in combination with CAR T-cell 393 

therapy cannot be ruled out, as BTKis differ in off-target profiles and T-cell 394 

modulation mechanisms. This distinction, not explored in this study, warrants further 395 

investigation. 396 

Results of the current study also compare favorably with the efficacy and safety of 397 

ibrutinib monotherapy in patients with R/R CLL/SLL, though comparisons should be 398 

made with caution due to differences in study designs, patient characteristics, and 399 

treatment history. While reported ORRs with ibrutinib monotherapy in patients with 400 

R/R CLL were generally similar to the ORR observed in this study, CRs are rarely 401 

achieved with ibrutinib alone, with reported CR rates of 0‒10%.28-31 In contrast, the 402 

combination of liso-cel plus ibrutinib in this heavily pretreated population resulted in 403 

high CR and uMRD rates. Although ibrutinib monotherapy has been associated with 404 

a risk of severe hemorrhage and cardiovascular AEs,28,30,31 the combination therapy 405 

did not appear to increase the risk; in fact, no such events were observed in this 406 

study. 407 

In the primary analysis of the monotherapy cohort from the TRANSCEND CLL 004 408 

study, a single administration of liso-cel achieved an independent review committee–409 

assessed CR/CRi rate of 18% and ORR of 43% in efficacy-evaluable patients with 410 

R/R CLL/SLL and previous BTKi progression/venetoclax failure who received liso-cel 411 

at a target dose of 100 × 106 CAR+ T cells.5 Median DOR, PFS, and OS were 35.3 412 

months, 11.9 months, and 30.3 months, respectively. The safety profile was 413 

manageable in all liso-cel–treated patients, with grade 3 CRS reported in 10 (9%) 414 
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patients with no grade 4 or 5 events and grade 3 NEs in 21 (18%) patients, grade 4 415 

NE in 1 (1%) patient, and no grade 5 NEs. 416 

The differences in study design and patient populations (due to differences in 417 

inclusion criteria) between the liso-cel plus ibrutinib combination and liso-cel 418 

monotherapy cohorts in the TRANSCEND CLL 004 study preclude any direct 419 

comparisons between cohorts. In the absence of a comparator arm in the current 420 

study, post hoc propensity score–balancing analyses were performed to allow 421 

efficacy and safety to be compared between the liso-cel plus ibrutinib and liso-cel 422 

monotherapy cohorts from TRANSCEND CLL 004. In the analyses, liso-cel plus 423 

ibrutinib demonstrated a trend for better efficacy and safety compared with 424 

monotherapy, with statistically significant differences in CR rates and ORR and 425 

numerically lower rates of grade ≥3 CRS/NEs. No differences in PFS or OS were 426 

observed. Of note, the combination cohort of the current study was not designed or 427 

powered for hypothesis testing. 428 

Cellular kinetics were not considered in the propensity score analyses; however, in 429 

comparisons with primary analysis results from the liso-cel monotherapy cohort, 430 

median tmax was shorter (10 vs 14 days) in the combination cohort vs the 431 

monotherapy cohort with no other apparent differences in expansion.5 Of note, 432 

unmatched comparisons between cohorts should be made with caution due to 433 

differences in study design and patient characteristics. 434 

In conclusion, the combination of liso-cel plus ibrutinib treatment was efficacious and 435 

feasible in this cohort of patients with R/R CLL/SLL and induced deep and durable 436 

responses. The safety profile was manageable and predictable, with no new signals 437 

detected with combination treatment. 438 
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Table 1. Demographics and baseline characteristics (combination-treated set) 661 

Characteristic DL2*  
(n = 51)† 

Total 
(n = 56)† 

Age, median (range), y 65.0 (44‒77) 64.5 (44‒77) 

Male, n (%) 34 (67) 37 (66) 

Race, n (%)   

White 42 (82) 46 (82) 

Black or African American 6 (12) 7 (12.5) 

Unknown 3 (6) 3 (5) 

Ethnicity, n (%)   

Hispanic or Latino 2 (4) 2 (4) 

Not Hispanic or Latino 45 (88) 49 (87.5) 

Unknown 4 (8) 5 (9) 

ECOG PS at screening, n (%)   

0 23 (45) 23 (41) 

1 28 (55) 33 (59) 

Bulky disease per investigator 
≥5 cm before LDC, n (%) 

 
 

Yes 18 (35) 18 (32) 

No 29 (57) 33 (59) 

Unknown 4 (8) 5 (9) 

SPD per investigator before 
LDC, cm2 

 
 

No. 47 51 

Median (range) 28.5 (1.4‒217.7) 27.3 (1.4‒217.7) 

LDH before LDC, U/L   

Median (range) 208.0 (2.1‒679.0) 205.0 (2.1‒679.0) 

≥ ULN, n (%) 22 (43) 24 (43) 

Rai disease stage at screening, 
n (%) 

 
 

0‒II 26 (51) 29 (52) 

III or IV 23 (45) 25 (45) 

Unknown or missing 2 (4) 2 (4) 

Binet disease stage at 
screening, n (%) 

 
 

A or B 27 (53) 30 (54) 

C 21 (41) 23 (41) 
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Unknown or missing 3 (6) 3 (5) 

High-risk cytogenetics, n (%)    

Any 50 (98) 55 (98) 

del(17p) 23 (45) 25 (45) 

Mutated TP53 23 (45) 24 (43) 

Unmutated IGHV 37 (73) 39 (70) 

At least 3 chromosomal 
aberrations 25 (49) 29 (52) 

Previous lines of systemic 
therapy, median (range) 5 (1‒13) 5 (1‒13) 

1 3 (6) 4 (7) 

2 9 (18) 9 (16) 

3 7 (14) 7 (12.5) 

4 6 (12) 7 (12.5) 

≥5 26 (51) 29 (52) 

Previous therapy, n (%)   

Previous BTKi 51 (100) 56 (100) 

BTKi refractory‡ 49 (96) 54 (96) 

BTKi relapsed§ 0 0 

BTKi intolerant only 0 0 

Previous venetoclax 39 (76) 42 (75) 

Venetoclax refractory‡ 32 (63) 33 (59) 

Venetoclax relapsed§ 5 (10) 5 (9) 

Venetoclax intolerant only 1 (2) 3 (5) 

Previous BTKi and 
venetoclax 39 (76) 42 (75) 

BTKi progression and 
venetoclax failure‖ 28 (55) 31 (55) 

Previous 
chemoimmunotherapy 37 (73) 42 (75) 

Previous HSCT 3 (6) 3 (5) 

Previous PI3K inhibitor 10 (20) 11 (20) 

Received bridging therapy,¶ n 
(%) 13 (25) 16 (29) 

Time from diagnosis to liso-cel 
infusion, months, median 
(range) 114 (14‒281) 114 (14‒281) 

All percentages are rounded to whole numbers except those with “.5%.” 662 
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BTKi, Bruton tyrosine kinase inhibitor; CAR, chimeric antigen receptor; CR, complete 663 

response/remission; CRi, complete response/remission with incomplete marrow 664 

recovery; DL, dose level; ECOG PS, Eastern Cooperative Oncology Group 665 

performance status; HSCT, hematopoietic stem cell transplantation; IGHV, 666 

immunoglobulin heavy-chain variable region; iwCLL, International Workshop on 667 

Chronic Lymphocytic Leukemia; LDC, lymphodepleting chemotherapy; LDH, lactate 668 

dehydrogenase; liso-cel, lisocabtagene maraleucel; nPR, nodular partial 669 

response/remission; PI3K, phosphoinositide 3-kinase; PR, partial 670 

response/remission; SPD, sum of the product of perpendicular diameters; TP53, 671 

tumor protein 53; ULN, upper limit of normal. 672 

*Target dose of 100 × 106 CAR+ T cells. 673 

†Includes 2 patients diagnosed with small lymphocytic lymphoma. 674 

‡Defined as treatment failure (nonresponse) or as progression within 6 months from 675 

last dose of therapy. 676 

§Defined as disease progression in a patient who has previously reached CR/CRi or 677 

PR/nPR for a period of at least 6 months. 678 

‖Includes patients who progressed on a BTKi and met one of the following criteria: 1) 679 

discontinued venetoclax due to disease progression or intolerability and the patient’s 680 

disease met indications for further treatment per iwCLL 2018 criteria or 2) failed to 681 

achieve an objective response within 3 months of initiating therapy. 682 

¶Bridging therapy included other anticancer therapies in addition to concurrent 683 

ibrutinib treatment given for disease control during liso-cel manufacturing.684 
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Table 2. Efficacy outcomes (combination-treated efficacy set) 685 

 

DL1* 

(n = 5) 

DL2† 

(n = 51) 

Total 

(n = 56) 

Investigator-assessed CR/CRi rate, n (%) [95% CI]‡ – primary 

end point 3 (60) [15‒95] 23 (45) [31‒60] 26 (46) [33‒60] 

Investigator-assessed ORR, n (%) [95% CI]‡ 4 (80) [(28‒100] 44 (86) [74‒94] 48 (86) [74‒94] 

Best overall response, n (%)    

CR/CRi 3 (60) 23 (45) 26 (46) 

CR 3 (60) 21 (41) 24 (43) 

CRi 0 2 (4) 2 (4) 

PR/nPR 1 (20) 21 (41) 22 (39) 

Stable disease 1 (20) 3 (6) 4 (7) 

Progressive disease 0 4 (8) 4 (7) 

uMRD4 in PB, n (%) [95% CI]‡,§ 4 (80) [28‒100] 44 (86) [74‒94] 48 (86) [74‒94] 

MRD-evaluable patients, n (%)‖ 5 (100) 51 (100) 56 (100) 

uMRD4 in BM, n (%) [95% CI]‡,§ 4 (80) [28‒100] 43 (84) [71‒93] 47 (84) [72‒92] 

MRD-evaluable patients, n (%)‖ 5 (100) 49 (96) 54 (96) 

uMRD4 in PB in patients with CR/CRi, n (%) [95% CI]‡,§ 3 (100) [29‒100] 22 (96) [78‒100] 25 (96) [80‒100] 

MRD-evaluable patients, n (%)‖ 3 (100) 23 (100) 26 (100) 

uMRD4 in BM in patients with CR/CRi, n (%) [95% CI]‡,§ 3 (100) [29‒100] 22 (96) [78‒100] 25 (96) [80‒100] 

MRD-evaluable patients, n (%)‖ 3 (100) 22 (96) 25 (96) 
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Time to first response, median (range), months 1.0 (1.0‒1.0) 1.0 (0.9‒6.0) 1.0 (0.9‒6.0) 

Time to first CR/CRi, median (range), months 1.0 (1.0‒1.0) 3.1 (0.9‒12.1) 2.1 (0.9‒12.1) 

DOR    

Median (95% CI), months¶ NR (4.4‒NR) 41.4 (23.3‒NR) 41.4 (23.3‒NR) 

Probability of continued response at 24 months, % (95% CI)¶ NE 65 (47‒79) 66 (48.5‒79) 

Probability of continued response at 30 months, % (95% CI)¶ NE 61 (41.5‒75) 61 (42.5‒76) 

Median follow-up, months (range)# 22.6 (4.4‒23.3+) 23.4 (2.3‒47.2) 23.3 (2.3‒47.2) 

DOR in patients with CR/CRi    

Median, months (95% CI)¶ NR NR (28.7‒NR) NR (28.7‒NR) 

Median follow-up, months, median (range)# 22.6 (21.7‒23.3+) 23.4 (8.6‒47.2) 23.1 (8.6‒47.2) 

PFS    

No. of events 2 22 24 

Median, months (95% CI)¶ NR (5.4‒NR) 31.4 (20.1‒NR) 31.4 (20.1‒NR) 

PFS rate at 24 months, % (95% CI)¶ 60 (13‒88) 62 (46‒74) 62 (47‒73.5) 

PFS rate at 30 months, % (95% CI)¶ NE 54 (36.5‒68) 54 (37‒68) 

Median follow-up, months (range)# 23.6 (5.4‒24.2+) 24.25 (0.8‒48.2) 24.05 (0.8‒48.2) 

PFS in patients with CR/CRi    

No. of events 0 4 4 

Median, months (95% CI)¶ NR NR (29.6‒NR) NR (29.6‒NR) 

PFS rate at 24 months, % (95% CI)¶ 100 (NR‒NR) 85 (60‒95) 87 (65‒96) 

PFS rate at 30 months, % (95% CI)¶ NE 76 (45‒91) 77 (47‒92) 
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Median follow-up, months (range)# 23.6 (22.7‒24.2+) 24.25 (9.5‒48.2) 24.05 (9.5‒48.2) 

PFS in patients with uMRD4 in PB     

No. of patients with uMRD4 in PB 4 44 48 

No. of events 1 (25) 18 (41) 19 (40) 

Median (95% CI), months¶ NR (5.4‒NR) 31.4 (20.1‒NR) 31.4 (21.2‒NR) 

PFS rate at 24 months, % (95% CI)¶ 75 (13‒96) 63 (46‒76) 64 (48‒76) 

PFS rate at 30 months, % (95% CI)¶ NR 53 (34‒69) 54 (35‒70) 

Median (95% CI) follow-up, months# 23.6 (5.4‒24.2+) 24.1 (2.8‒48.2) 24.0 (2.8‒48.2) 

PFS in patients with uMRD4 in PB who achieved CR/CRi    

No. of patients with uMRD4 in PB who achieved CR/CRi 3 22 25 

No. of events, % 0 4 (18) 4 (16) 

Median (95% CI), months¶ NR  NR (29.6‒NR) NR (29.6‒NR) 

PFS rate at 24 months, % (95% CI)¶ 100 (NR‒NR) 84 (58‒95) 86 (63‒95) 

PFS rate at 30 months, % (95% CI)¶ NR 74 (41‒90) 76 (43‒91) 

Median (range) follow-up, months# 23.6 (22.7‒24.2+) 24.1 (9.5‒48.2) 24.1 (9.5‒48.2) 

PFS in patients with uMRD4 in PB who achieved PR/nPR    

No. of patients with uMRD4 in PB who achieved PR/nPR 1 19 20 

No. of events, % 1 (100) 11 (58) 12 (60) 

Median (95% CI), months¶ 5.4 (NR‒NR) 16.6 (11.9‒31.4) 16.6 (8.6‒31.4) 

PFS rate at 24 months, % (95% CI)¶ 0 (NR‒NR) 47 (23‒68) 45 (21‒66) 

PFS rate at 30 months, % (95% CI)¶ 0 (NR‒NR) 35 (12‒61) 34 (11‒58) 
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Median (range) follow-up, months# NR (5.4‒5.4) 23.9 (3.4‒36.8+) 23.9 (3.4‒36.8+) 

OS    

No. of events 1 15 16 

Median (95% CI), months¶ NR (15.5‒NR) NR (27.5‒NR) NR (31.4‒NR) 

OS rate at 24 months, % (95% CI)¶ 80 (20‒97) 79.5 (65‒88) 79.5 (66‒88) 

OS rate at 30 months, % (95% CI)¶ 80 (20‒97) 68 (50‒81) 69 (52‒81) 

Median (range) follow-up, months# 33.5 (15.5‒49.3+) 26.8 (3.6‒49.8) 26.8 (3.6‒49.8) 

+, ongoing; BM, bone marrow; CAR, chimeric antigen receptor; CI, confidence interval; CR, complete response/remission; CRi, 686 

complete response/remission with incomplete marrow recovery; DL, dose level; DOR, duration of response; NE, not estimable; nPR, 687 

nodular partial response/remission; NR, not reached; MRD, minimal residual disease; ORR, overall response rate; OS, overall 688 

survival; PB, peripheral blood; PFS, progression-free survival; PR, partial response/remission; uMRD4, undetectable minimal residual 689 

disease, 10−4 sensitivity. 690 

*Target dose of 50 × 106 CAR+ T cells. 691 

†Target dose of 100 × 106 CAR+ T cells. 692 

‡Two-sided 95% exact Clopper-Pearson CI. 693 

§Rates are calculated out of the total number of patients. 694 

‖Patients with baseline and ≥1 postbaseline MRD result. 695 

¶Kaplan-Meier method was used to obtain 2-sided 95% CIs. 696 
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#Reverse Kaplan-Meier method was used to obtain the median follow-up. 697 
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Table 3. Treatment-emergent adverse events and adverse events of special 698 

interest (combination-treated set) 699 

Treatment-emergent adverse events 

 Total 

(n = 56) 

 Any 

grade Grade ≥3 

Any TEAE,* n (%) 56 (100) 48 (86) 

Most common TEAEs (≥20%), n (%)   

CRS 45 (80) 2 (4) 

Neutropenia† 30 (54) 29 (52) 

Anemia 29 (52) 23 (41) 

Fatigue 22 (39) 1 (2) 

Headache 22 (39) 0 

Diarrhea 21 (37.5) 0 

Nausea 18 (32) 0 

Hypokalemia 15 (27) 0 

Pyrexia 15 (27) 0 

Thrombocytopenia 15 (27) 10 (18) 

Decreased appetite 14 (25) 0 

Confusional state 13 (23) 2 (4) 

Febrile neutropenia 13 (23) 12 (21) 

Neutrophil count decreased† 13 (23) 12 (21) 

Peripheral edema 13 (23) 0 

Chills 12 (21) 0 

Constipation 12 (21) 0 

Hypophosphatemia 12 (21) 3 (5) 

Treatment-emergent adverse events of special interest 

 Total 

(n = 56) 

CRS‡  

Any grade, n (%) 45 (80) 

Grade 1, n (%) 20 (36) 
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Grade 2, n (%) 23 (41) 

Grade 3, n (%) 2 (4) 

Grade 4, n (%) 0 

Grade 5, n (%) 0 

Time to onset, median (range), days 7 (1‒14) 

Time to resolution, median (range), days 5 (2‒18) 

NEs§  

Any grade, n (%) 23 (41) 

Grade 1, n (%) 8 (14) 

Grade 2, n (%) 9 (16) 

Grade 3, n (%) 5 (9) 

Grade 4, n (%) 1 (2) 

Grade 5, n (%) 0 

Time to onset, median (range), days 8 (1‒15) 

Time to resolution, median (range), days 8 (1‒362) 

Tocilizumab and/or corticosteroid use for CRS and/or 

NEs‖ 
 

Tocilizumab and/or corticosteroids, n (%) 33 (59) 

Tocilizumab only, n (%) 9 (16) 

Corticosteroids only, n (%) 5 (9) 

Both tocilizumab and corticosteroids, n (%) 19 (34) 

Doses of tocilizumab, median (range) 2 (1‒4); n=28 

Other AESIs, n (%)  

Prolonged cytopenia¶ 25 (45) 

Grade ≥3 infections 8 (14) 

Second primary malignancy#,** 5 (9) 

Tumor lysis syndrome 1 (2) 

Macrophage activation syndrome 1 (2) 

Infusion-related reaction 0 

Autoimmune disorders# 0 

All percentages are rounded to whole numbers except those with “.5%.” 700 
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AE, adverse event; AESI, adverse event of special interest; CRS, cytokine release 701 

syndrome; liso-cel, lisocabtagene maraleucel; NE, neurological event; TEAE, 702 

treatment-emergent adverse event. 703 

*AEs were coded using the Medical Dictionary for Regulatory Activities (MedDRA), 704 

version 26.0. CRS was graded per Lee 2014 criteria.32 All other AEs were graded per 705 

the National Cancer Institute Common Terminology Criteria for Adverse Events, 706 

version 4.03. TEAEs were defined as AEs that occurred within 90 days of liso-cel 707 

administration or within 30 days of ibrutinib completion, whichever ended later. AEs 708 

occurring after the initiation of a subsequent therapy or liso-cel retreatment were not 709 

considered TEAEs. 710 

†Neutropenia and neutrophil count decreased were coded using MedDRA version 711 

26.0, where neutropenia is under the System Organ Class of Blood and Lymphatic 712 

System Disorders and neutrophil count decreased is under the System Organ Class 713 

of Investigations. 714 

‡CRS was graded based on Lee 2014 grading criteria.32 715 

§NEs were defined as investigator-identified neurological AEs related to liso-cel. 716 

‖One (2%) patient received vasopressors for management of CRS and/or NEs. 717 

¶Prolonged cytopenias were defined as grade ≥3 laboratory result of anemia, 718 

neutropenia, or thrombocytopenia not resolved at the day 29 study visit. 719 

#Includes AEs from the long-term follow-up study if any were reported. 720 

**Included events of malignant papillary urothelial carcinoma (n = 1), squamous cell 721 

carcinoma of the tonsil (n = 1), squamous cell carcinoma and myelodysplastic 722 

syndrome (n = 1), squamous cell carcinoma, skin (n = 1), and basal cell carcinoma 723 

(n = 1). 724 
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FIGURE LEGENDS 725 

Figure 1. Patient disposition (CONSORT). *Defined as any product wherein one of 726 

the CD8 or CD4 cell components did not meet one of the requirements to be 727 

considered liso-cel but could be considered appropriate for infusion; the patient who 728 

received nonconforming product was not included in efficacy or safety analyses. †All 729 

combination-treated patients were efficacy evaluable, defined as all patients who 730 

received liso-cel and at least 1 dose of ibrutinib who also met the following baseline 731 

criteria: 1) had measurable disease present before liso-cel administration based on 732 

investigator assessment; 2) did not develop Richter transformation or mantle cell 733 

lymphoma before liso-cel infusion; and 3) for those receiving bridging therapy in 734 

addition to ibrutinib, patients had baseline disease assessments completed and had 735 

measurable disease present on baseline disease assessment after bridging therapy 736 

and before liso-cel administration. ‡Includes 3 patients who completed TRANSCEND 737 

CLL 004 and 2 patients who had discontinued the study. AE, adverse event; DL, 738 

dose level; ITT, intent to treat; liso-cel, lisocabtagene maraleucel; LTFU, long-term 739 

follow-up; PD, progressive disease. 740 

Figure 2. Time-to-event outcomes. Kaplan-Meier curves of (A) PFS (B) OS, (C) 741 

DOR, and (D) PFS in patients with uMRD4 in PB by best overall response 742 

(combination-treated efficacy set). Reverse Kaplan-Meier method was used to obtain 743 

median follow-up. PFS was defined as the time from liso-cel infusion to progressive 744 

disease or death; OS was defined as the time from liso-cel infusion to death; DOR 745 

was defined as the time from first response to progressive disease or death. CI, 746 

confidence interval; CR, complete response/remission; CRi, complete 747 

response/remission with incomplete marrow recovery; DL, dose level; DOR, duration 748 

of response; liso-cel, lisocabtagene maraleucel; MRD, minimal residual disease; 749 
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nPR, nodular partial response/remission; NR, not reached; OS, overall survival; PB, 750 

peripheral blood; PD, progressive disease; PFS, progression-free survival; PR, 751 

partial response/remission; SD, stable disease; uMRD4, undetectable minimal 752 

residual disease at 10−4 sensitivity. 753 

Figure 3. Liso-cel cellular kinetics and persistence. Liso-cel transgene (A) 754 

expansion profile and (B) persistence (cellular kinetic set). Data are number of 755 

patients with liso-cel persistence/number of patients with an available sample at the 756 

specific time point. Persistence was defined as a transgene count greater than or 757 

equal to the lower limit of detection (5 copies/reaction). Concentration values after 758 

the initiation of retreatment of liso-cel (including lymphodepletion) or after another 759 

anticancer treatment were excluded. DL, dose level; IQR, interquartile range; liso-cel, 760 

lisocabtagene maraleucel. 761 

Figure 4. T-cell exhaustion gene signature score analysis. T-cell exhaustion 762 

gene signature score analyses in sorted CAR T cells at Cmax association with (A) 763 

PFS, (B) MRD status, and (C) treatment. Panels A and B include pooled samples 764 

from patients treated with liso-cel as monotherapy or in combination with ibrutinib. In 765 

panel A, comparisons of survival outcomes between patients with high and low T-cell 766 

exhaustion score in sorted CAR-positive T cells were performed using log-rank P 767 

values. Boxplots were used to present the median and quartiles of T-cell exhaustion 768 

score between patients based on MRD status in bone marrow and peripheral blood 769 

(panel B) and between patients treated with monotherapy and combination therapy 770 

(panel C) in both sorted CAR-negative and CAR-positive T cells. CAR, chimeric 771 

antigen receptor; Cmax, maximum transgene level; MRD, minimal residual disease; 772 

PFS, progression-free survival. 773 

 774 
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FIG 1. Patient disposition (CONSORT) 

1 

Did not receive liso-cel plus ibrutinib 

combination treatment, n = 8 
• No longer met eligibility criteria, n = 4 

o Had another primary malignancy, n = 3 

o Had Richter transformation, n = 1 

• Died, n = 2 

o Intraparenchymal hemorrhage, n = 1 

o Unknown cause of death, n = 1 

• Withdrew consent, n = 1 

• Discontinued ibrutinib due to AE 

(stomatitis) before liso-cel infusion, n = 1 

Received nonconforming product,* n = 1 

Leukapheresed ITT set 

N = 65 

Completed study, n = 11 

Discontinued study, n = 28 

• Died, n = 11 

• Withdrew consent, n = 8 

• PD at month 24, n = 4 

• Lost to follow-up, n = 3 

• Other reasons, n = 2 

Liso-cel + ibrutinib combination set† 

n = 56 (safety set) 

DL1, n = 5  

DL2, n = 51 (efficacy set) 

Ongoing 

n = 17 
Enrolled in LTFU, n = 5 of 28 (18%) 

eligible patients‡ 

Figure 1
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Median (95% CI) follow-up for PFS: 24.3 months (23.7–35.5) 
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Median (95% CI) follow-up for OS: 26.8 months (24.1–31.6) 
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Median (95% CI) follow-up for DOR: 23.4 months (22.1–35.4) 
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FIGURE 3. 
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FIGURE 4. 
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