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Management of secondary central nervous system (SCNS) involvement in relapsed or

refractory aggressive B-cell lymphomas remains an area of unmet medical need. We

report a single-center retrospective analysis of 7 adult patients with SCNS lymphoma

(SCNSL) who underwent chimeric antigen receptor (CAR) T-cell therapy for their

refractory disease, and we describe the safety of whole brain radiation therapy (WBRT)

as a bridging therapy. Six patients (85.7%) achieved a complete response at day 28, and 1

patient had progressive disease. The median progression-free survival was 83 days

(range, 28-219 days), and median overall survival was 129 days (range, 32-219 days).

Three patients died as a result of disease progression. Of the 5 patients who received

WBRT as bridging therapy, 3 had no immune effector cell–associated neurotoxicity

syndrome (ICANS), but 2 patients had grade 1 or grade 3 ICANS. No grade 4 ICANS was

reported in this subset of patients. We conclude that SCNSL should not preclude patients

from receiving CAR T-cell therapy as a treatment option because of concerns regarding

ICANS, and bridging with WBRT is not associated with increased ICANS.

Introduction

Despite recent advances, the management of secondary central nervous system (SCNS) involvement in
relapsed or refractory (R/R) aggressive B-cell lymphomas remains an area of unmet medical need
because these patients are often excluded from clinical trials.1,2 Even among patients with isolated
SCNS lymphoma (SCNSL), systemic relapse is invariable, and the median survival of these patients is
poor (#6 months).3-6 The mainstay for treatment of SCNSL remains intravenous high-dose methotrexate,
whole brain radiation therapy (WBRT), or high-dose chemotherapy followed by autologous stem cell
transplantation. New treatment approaches are indicated for these patients. Anti–CD-19 chimeric antigen
receptor (CAR) T-cell therapy is a paradigm-changing option for patients with R/R diffuse large B-cell
lymphoma (DLBCL), and there are now 3 treatment products available in the United States that have
been approved by the US Food and Drug Administration.7 The first 2 registrational CAR T-cell studies
excluded patients with lymphoma with CNS involvement because of concerns about immune effector
cell–associated neurotoxicity syndrome (ICANS), but limited retrospective data along with data from the
TRANSCEND trial have shown the feasibility of CAR T-cell therapy in SCNSL.1,2,7-10 Although in-field
systemic radiation has been shown to be safe as a bridging therapy before CAR T-cell therapy, there are
no data on the safety of WBRT as a bridging therapy before CAR T-cell infusion.11,12 Physician groups
have concerns regarding increased ICANS because there is only a limited amount of literature that would
support the idea of a combination of both modalities. However, mouse models for glioblastoma have
shown that the combination of CAR T-cell therapy and radiation therapy has a synergistic effect.13
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Key Points

� SCNSL should not
preclude patients
from receiving CAR
T-cell therapy
because of concerns
regarding ICANS.

� WBRT is not
associated with
increased ICANS
when used as a
bridge to CAR T-cell
therapy with a short
median interval in
SCNSL.
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We report here a single-center retrospective analysis of 7 adult
patients with SCNSL who received CAR T-cell therapy for their
refractory disease, and we also describe the safety of WBRT as a
bridging therapy before T-cell infusion in a subset of patients.

Methods

Data on patient demographics, disease, and CAR T-cell
therapy–related variables and patient outcomes were retrieved from
the Blood and Marrow Transplant and Cellular Therapy Program
Database. Disease and response to treatment were assessed sepa-
rately for systemic and CNS disease. Results from positron emis-
sion tomography scans with Deauville scores of 1, 2, and 3 were
considered a complete response (CR), whereas clearing lymphoma
cells from the lumbar puncture as indicated and resolution of con-
trast enhancement within parenchymal lesions on brain magnetic
resonance imaging scans were considered a CR for CNS disease
(supplemental Table 1). Adverse outcomes of cytokine release syn-
drome and ICANS were documented by primary care physicians
based on consensus guidelines from the American Society of Trans-
plantation and Cellular Therapy for Cytokine Release Syndrome and
Neurologic Toxicity Associated with Immune Effector Cells.14 Clono-
SEQ assay (Adaptive Biotechnologies) was used to assess minimal
residual disease status. The study was approved by Medical Col-
lege of Wisconsin/Froedtert Hospital Institutional Review Board #5
and conducted according to the Declaration of Helsinki.

Results and discussion

For patients in this study, median age was 50 years (range, 39-72
years), and 4 patients (57.1%) were males (see Table 1 for details
regarding patient demographics). The median number of previous
therapies was 4 (range, 2-4) (detailed treatment regimens are

provided in supplemental Table 1). Median lactate dehydrogenase
at the time of CAR T-cell therapy was 190 U/L (range, 138-327
U/L) (supplemental Table 1). Five patients had parenchymal involve-
ment and 2 had leptomeningeal disease. WBRT was administered
to 5 of the 7 patients at a median dose of 2800 cGy (400-4000
cGy) immediately before CAR T-cell therapy was administered as a
bridging therapy with a median interval of 21 days (range, 7-31
days) from the last fraction of radiation to CAR T-cell infusion (Fig-
ure 1). All patients received uniform lymphodepletion with fludara-
bine and cyclophosphamide. Axicabtagene ciloleucel was given at a
standard dose of 2 3 106 cells per kg (n 5 3), and the median
number of tisagenlecleucel cells infused was 4 3 108 (range, 3 3

108 to 4.3 3 108) (n 5 4). Cytokine release syndrome was
reported in 4 patients; grade 3 or above was reported in only 1
patient. ICANS was reported in 3 of the 7 patients, and all required
medical interventions. Adverse events and their management are
described in Table 1. The median follow-up of survivors was 5.1
months (range, 1.6-7.2 months), and at last follow-up, 4 patients
were alive. Six patients (85.7%) achieved a CR at day 28, and 1
patient had progressive disease. The median progression-free sur-
vival was 83 days (range, 28-219 days), and median overall survival
was 129 days (range, 32-219 days). Three patients died as a result
of progressive disease. Of the 5 patients who received WBRT as
bridging therapy, 3 had no ICANS, but 2 had grade 1 or 3 ICANS.
No grade 4 ICANS was reported, and all patients fully recovered
with no treatment-related mortalities. No patient received a trans-
plant after CAR T-cell therapy, and no maintenance strategies were
used.

SCNSL is associated with poor outcomes and is an disease that
should be further investigated.3,6 ZUMA-1 and JULIET trials, which
led to the approval of CAR T-cell therapy for R/R DLBCL, excluded
patients with CNS involvement because of concerns regarding

0

Patient 7

10 20 30 40 50 60 70 80 90

Days starting from last day of WBRT

100 110 120 130 140 150 160 170 180 190 200 210 220 230 240 250 260

Patient 6

Patient 5

Patient 3

Patient 2

Last WBRT to CAR-T PFS

Figure 1. Interval from last WBRT to CAR T-cell therapy and progression-free survival (PFS). PFS is for patients who were bridged with WBRT. Black line,

median time (21 days) from last WBRT to CAR T-cell treatment; green line, median PFS (83 days). (!) Ongoing CR; (#) relapsed.
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increased ICANS.1,2 In our patient population, CAR T-cell therapy
seemed to be a safe treatment option in SCNSL, with favorable out-
comes even among heavily pretreated patients. In their letter to the
editor, Abramson et al9 reported a patient who had relapsed
DLBCL with CNS involvement who received lisocabtagene maraleu-
cel with disease remission at 12 months. This led to a case series
by Frigault and colleagues7 of 8 patients who received tisagenle-
cleucel and showed ongoing CR or partial response at more than
90 days in 3 patients; 1 patient had CR at 180 days. Bennani et al15

also shared their experience with 17 patients who had similar out-
comes compared with patients receiving axicabtagene ciloleucel
who had no CNS involvement.12,15 The TRANSCEND trial included
6 patients with SCNSL of whom 3 achieved a CR.10 Our outcomes
are consistent with results of previously reported studies that had
manageable adverse events and no treatment-related mortal-
ities.7,16,17 Our patients had a median overall survival of 83 days
(2.7 months), with 3 patients in CR at more than 90 days.

Our study is limited by its retrospective nature and small sample
size, but it demonstrates 2 major findings; first, that having SCNSL
should not preclude someone from receiving CAR T-cell therapy as
a treatment option because of concerns regarding ICANS. Second,
we demonstrate that WBRT as a bridging therapy to CAR T-cell
therapy with a short interval (median, 21 days) is associated with no
new safety signals or increased ICANS, albeit with limited follow-up.
It is possible that radiosensitization may improve CAR T-cell out-
comes by enhancing T-cell trafficking into the tumor environment,
which was demonstrated with immunotherapy by Dovedi et al.18

Similarly, recent studies have shown improved progression-free sur-
vival and overall response rates in patients receiving CAR T cells

with systemic radiation as a bridging therapy when compared with
chemotherapy.12,18,19 In conclusion, we demonstrated the safety of
CNS-directed radiation as a bridge to CAR T-cell therapy and pro-
vided further evidence that SCNS involvement should not preclude
treatment with CAR T cells.
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