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Mantle cell lymphoma (MCL) makes up 5% to 6% of all non-Hodgkin lymphomas.1,2 The risk of sec-
ondary central nervous system (SCNS) involvement in MCL is ~4%, with 0.9% having CNS involvement
at diagnosis.1 The median survival from time of CNS diagnosis was historically <4 months.1 Limited
data have shown that Bruton tyrosine kinase inhibitors can achieve biologically relevant concentrations
in CNS and may improve outcomes of patients with MCL with SCNS involvement, relative to con-
ventional chemoimmunotherapies.3,4

CD19–directed chimeric antigen receptor T-cell (CAR-T) therapy is a standard option for relapsed/
refractory MCL. The ZUMA-2 trial showed favorable efficacy with 67% complete response (CR) rates
and a manageable safety profile, leading to Food and Drug Administration approval of brexucabtagene
autoleucel.3,5 Unfortunately, patients with SCNS involvement were excluded. With limited availability of
data, additional studies are required to assess safety and efficacy of CAR-T in MCL with SCNS
involvement. Here, we report a retrospective experience of 6 US centers of patients with MCL with
SCNS involvement receiving CAR-T therapy.

Patients with MCL with SCNS involvement at any point in their disease history and receiving CAR-T
therapy between the years 2016 and 2022 were included. This study was approved by institutional
review boards of all participating sites. Disease response assessment was done for both systemic and
CNS disease. Systemic response was assessed using the Lugano criteria,6 whereas CNS response
was assessed as per International Primary CNS Lymphoma Collaborative Group criteria.7 Progression-
free survival (PFS) and overall survival (OS) for entire cohort, as well as subsets of patients with and
without active CNS disease at the time of CAR-T infusion, were assessed. Cytokine release syndrome
(CRS) and immune effector cell–associated neurotoxicity syndrome (ICANS) were collected using the
consensus guidelines from American Society of Transplantation and Cellular Therapy.8 This study was
approved by institutional review boards of all participating sites, with Medical College of Wisconsin
serving as the primary site for data holding and analysis.

Twelve patients were included with a median age of 72 years (range, 50-82) at CAR-T infusion, and 9
participants (75%) were males. Patient demographics are detailed in Table 1. Eight patients had active CNS
disease at the time of CAR-T infusion. Of the 4 patients without CNS disease, 2 had active systemic
disease at infusion. The median number of prior therapies was 4 (range, 2-6). Three patients received cranial
radiation as bridging therapy with a median interval of 16 days (range, 11-55) before CAR-T infusion. A total
of 11 patients received brexucabtagene autoleucel, whereas 1 patient received a CD19/20-directed
investigational product. CRS developed in 11 patients (91.67%) and was grade 1 to 2 in all cases (toci-
lizumab use; n = 9). Ten patients (83.33%) developed ICANS, including 7 (58%) with grade 3 to 4 ICANS
(62% and 50% in patients with or without active CNS disease, respectively). Median time to CRS and
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Table 1. Patient and disease characteristics

Characteristic

Overall,

N = 12

Without active CNS disease at CAR-T infusion,

n = 4

Active CNS disease at CAR-T infusion,

n = 8

Age at CAR-T infusion (range), y 72 (50-82) 75 (71-82) 71 (50-77)

Race

Asian 2 (17%) 1 (25%) 1 (12.5%)

White 10 (83%) 3 (75%) 7 (87.5%)

Sex

Female 3 (25%) 2 (50%) 1 (12.5%)

Male 9 (75%) 2 (50%) 7 (87.5%)

Stage at diagnosis

III 1 (8.3%) 1 (25%) 0 (0%)

IV 11 (92%) 3 (75%) 8 (100%)

ECOG

0-1 9 (75%) 4 (100%) 5 (62.5%)

2 2 (16.7%) 0 (0%) 2 (25%)

>3 1 (8.3%) 0 (0%) 1 (12.5%)

Timing of secondary CNS involvement

Diagnosis 2 (17%) 1 (25%) 1 (12.5%)

Relapse 10 (83%) 3 (75%) 7 (87.5%)

Median number of prior therapy lines (range) 4 (2-6) 4 (4-5) 4 (2-6)

Sites of active CNS Disease at CAR-T infusion

None 4 (33%) 4 (100%) 0 (0%)

Parenchymal 2 (17%) 0 (0%) 2 (25%)

Leptomeningeal 5 (42%) 0 (0%) 5 (63%)

Both 1 (8.3%) 0 (0%) 1 (13%)

Active systemic disease present at CAR-T infusion 6 (50%) 2 (50%) 4 (50%)

Prior transplant before CAR-T 3 (25%) 1 (25%) 2 (25%)

History of CNS radiation

No 8 (67%) 3 (75%) 5 (62.5%)

Yes, extracranial stereotactic RT 1 (8.3%) 1 (25%) 0 (0%)

Yes, WBRT or focal stereotactic brain RT 3 (25%) 0 (0%) 3 (37.5%)

Prior BTKi use 11 (92%) 4 (100%) 7 (88%)

Interval between BTKi before CAR-T (range), mo 4 (1-22) 3.0 (2-4) 5 (1-22)

Reasons for discontinuation

Intolerance 1 (8.3%) 0 (0%) 1 (14%)

PD 6 (50%) 1 (25%) 5 (72%)

Not available/others 4 (33%) 3 (75%) 1 (14%)

Time from last RT to CAR-T infusion (range), d 36 (11-245) 245 (245-245) 16 (11-55)

Bridging therapy prior to CAR-T

None 6 (50%) 1 (25%) 5 (63%)

BTKi with or without chemotherapy 2 (17%) 2 (50%) 0 (0%)

Extracranial focal stereotactic RT 1 (8.5%) 1 (25%) 1 (13%)

WBRT or stereotactic brain RT 3 (25.5%) 0 (0%) 2 (25%)

Interval between diagnosis and CAR-T infusion
(range), d

20 (6-169) 25 (6-90) 20 (7-169)

Type of CAR-T product

Brexu-cel 11 (92.7%) 4 (100%) 7 (88%)

Investigational 1 (8.3%) 0 (0%) 1 (13%)

BTKi, Bruton tyrosine kinase inhibitor; Brexu-cel, brexucabtagene autoleucel; ECOG, Eastern Cooperative Oncology Group; RT, radiation; WBRT, whole brain radiation.
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Table 1 (continued)

Characteristic

Overall,

N = 12

Without active CNS disease at CAR-T infusion,

n = 4

Active CNS disease at CAR-T infusion,

n = 8

Lymphodepletion regimen

Bendamustine 1 (8.3%) 0 (0%) 1 (13%)

Fludarabine/cyclophosphamide 11 (92.7%) 4 (100%) 7 (88%)

BTKi, Bruton tyrosine kinase inhibitor; Brexu-cel, brexucabtagene autoleucel; ECOG, Eastern Cooperative Oncology Group; RT, radiation; WBRT, whole brain radiation.
ICANS onset was 3 (range, 0-8) and 6 days (range, 2-8), respectively.
All patients with ICANS also had grade 1 to 2 CRS. Eight patients
with ICANS had elevated ferritin (median, 958 ng/mL) and C-reactive
protein (median, 11.89 mg/dL). Elevated lactate dehydrogenase at
lymphodepletion (n = 7; P = .29), Eastern Cooperative Oncology
Group performance status (P = .43), leukemic phase (n = 2; P = .47),
and marrow involvement (n = 3; P ≥ .99) were not associated with
ICANS. Management of ICANS included systemic corticosteroids
(n = 10), intrathecal steroids (n = 1), intrathecal chemotherapy (n =
1), and anakinra (n = 3). Among patients with or without active CNS
involvement, rates of CRS (87.5% vs 100%) or ICANS (87.5% vs
75%) were similar. The median follow-up of survivors was
16.7 months (range, 13.4-33.7), and at last follow-up, 6 patients were
alive. Six patients relapsed; 2 had CNS relapse, and 3 had systemic
relapse, whereas 1 had both CNS and systemic relapse.

Best systemic response at 1 month after CAR-T therapy was CR (n =
11 [92%]), whereas 1 patient had partial response. At 3 months after
CAR-T therapy, 11 patients (92%) had CR, whereas 1 patient had
progressive disease (PD). Similarly, best CNS response at 1 month
after CAR-T therapy was CR in 11 patients (92%), whereas 1 patient
had stable disease. At 3 months, 11 patients (92%) continued to
remain in CR, whereas 1 patient had PD. We further assessed the
responses of patients who had active CNS disease vs patients with
no active CNS disease. Objective response rates (ORRs) for CNS
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Figure 1. Clinical course of patients. PR
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response in patients with active CNS disease at 1-month and 3-
month time points were 100% (n = 8) and 88% (n = 7; 1 patient
had PD), respectively. For patients with no active CNS disease, the
ORR was 100% (n = 4) at 1- and 3-month time points for both CNS
and systemic responses. Two patients without active CNS disease
experienced a relapse, 1 with CNS and the other with systemic
disease. Figure 1 summarizes clinical course of all patients.

The 6- and 12-month PFS for the overall cohort were 58% (95%
confidence interval [CI], 36-94) and 33% (95% CI, 15-74),
respectively, with an OS of 83% (95% CI, 65-100) and 67%
(95% CI, 45-99). Among patients with active CNS disease, the 6-
and 12-month PFS were 50% (95% CI, 25-100) and 25%
(95% CI, 7.5-83) respectively, whereas the OS was 75% (95% CI,
50-100) and 63% (95% CI, 37-100). Finally, in patients without
active CNS disease at CAR-T infusion, the 6-month and 12-month
PFS were 75% and 50%, respectively, whereas the OS for similar
time intervals was 100% and 75%, respectively. Twelve-month
nonrelapse mortality rate for the overall cohort was 10%
(95% CI, 0.43-38). Cumulative incidence of relapse at 12 months
was 50% (95% CI, 19-75) for the overall cohort and 50% (95% CI,
11-80) in patients with active CNS disease.

Our study continues to build on the efficacy of anti-CD19 CAR-T
therapy in patients withMCLwith SCNS involvement. Our results are in
linewith the 2 prior studieswith respect toORRs andCR rates.9-11 The
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US Lymphoma CAR-T Consortium study included 16 patients with
SCNS involvement and reported an ORR of 81%, with CR rates of
75% in patients with active CNS disease.9 Ryan et al10 reported an
ORR of 86% in patients with active CNS disease (n = 7) with CR rates
of 28.6%. In our cohort, theORRwas 100%, with 92%achieving aCR
at the 1-month interval. The US Lymphoma CAR-T Consortium study
did not report SCNS specific outcomes, but Ryan et al10 reported a
12-month PFS of 36% and OS of 71% in patients with active CNS
disease, which was slightly higher than that reported in our case series
(25% and 63%, respectively). As far as adverse events of CRS and
ICANS are concerned, we had no patients with grade ≥3 CRS,
consistent with the data from the US Lymphoma CAR-T Consortium
study and Ryan et al.10 Interestingly, similar to Ryan et al,10 we also
report an increased signal of ICANS (10 out of 12 patients; with 7
having grade ≥3) irrespective of the presence or absence of active
CNS disease at the time of CAR-T infusion (71% vs 67%). Notable
differences in PFS andOSbenefit is evident between patientswith and
without active CNS disease at the time of CAR-T infusion in our
analysis, which suggests that controlling CNS disease before infusion
could lead to better outcomes in this population.

In this retrospective study, anti-CD19 CAR-T therapy showed
encouraging response rates in patients with MCL with and without
active CNS disease at infusion, with a reasonable safety profile and
manageable adverse events. The risk of CNS relapse unfortunately is
high in such patients. Limitations of this study include the retrospec-
tive nature and small sample size with broad confidence intervals,
although our data provide meaningful insight on CAR-T response in
patients with MCL with SCNS involvement. Increased frequency of
ICANS remains a concern and a topic worthy of further study.
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