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Case Report

A case of successful CAR-T cell therapy for early isolated CNS recurrence of
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Abstract
Secondary central nervous system (CNS) lymphomas typically require CNS-penetrating drugs; however, the

available agents are limited with temporary effects and poor outcomes. Chimeric antigen receptor T (CAR-T) cell
therapy (lisocabtagene maraleucel; liso-cel) has been used to treat a few cases of isolated secondary CNS lym-
phoma. Herein, we report the case of a 66-year-old male diagnosed with diffuse large B-cell lymphoma (Ann
Arbor grade IV; R-IPI, good risk; CNS IPI: Intermediate risk) who achieved complete remission (CR) after six
courses of R-CHOP therapy. Three months later, he presented with ptosis and eye movement disorder. Systemic
CT and bone marrow examination revealed no lymphoma. Although cranial-enhanced MRI showed normal find-
ings, an increased number of B-cells (51/μL) with the original lymphoma phenotype (CD19+CD79a+CD5-CD10-CD
20-Igλ+) was detected in cerebrospinal fluid (CSF), indicating an isolated CNS relapse. Seven high-dose
methotrexate courses led to partial response. Subsequently, the patient received CAR-T cell therapy with toler-
able adverse events ― cytokine release syndrome treated with tocilizumab, no immune effector cell-associated
neurotoxicity syndrome, and bone marrow failure treated with granulocyte-colony stimulating factor and el-
trombopag. Sequential flow cytometry revealed a high peak of CAR-T cells and the presence of residual CAR-T
cells in the peripheral blood, indicating immune surveillance of CNS lymphoma by CAR-T cells. This treatment
led to a second CR. This case is the first to validate the efficacy and safety of CAR-T cell therapy for isolated sec-
ondary CNS lymphoma in clinical practice. Future accumulation of evidence on the efficacy and safety of CAR-T
cell therapy is essential.
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Introduction
Secondary central nervous system (CNS) lymphoma

requires the penetration of chemotherapeutic agents into

the CNS system. Currently, secondary CNS lymphoma

poses a significant challenge due to limited drug op-

tions and unfavorable outcomes1. In recent paradigm

shifts in therapeutic studies, a novel chimeric antigen

receptor-T (CAR-T) cell therapy has been firmly estab-

lished as an immunological treatment of activated pe-

ripheral T cells that exert an antitumor effect on the CD

19 antigen by inserting a CD19 antibody and a T cell

receptor chimeric gene for relapsed or refractory diffuse

large B-cell lymphoma (DLBCL)2-5. Following positive

outcomes from a phase 2 study (TRANSCEND NHL

001)5, lisocabtagene maraleucel (liso-cel) received ap-

proval for CAR-T cell therapy in March 20215. Further-

more, it was approved as a second-line DLBCL treat-

ment in December 20225. However, only one Japanese

case has been reported in a phase 2 trial5 where the ef-
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Figure 1A.　Histopathological findings at initial diagnosis
This specimen exhibits a diffuse proliferation of abnormal lymphoid cells with large nuclei and prominent nucleoli, consistent with immuno-
blast-like features. Immunohistochemically, the lymphoid cells are positive for CD20 and CD79a, but negative for cCD3 or CD5, and are 
classified as non-GCB phenotype (CD10-BCL6-MUM1+). Additionally, they are positive for BCL2 (100%) and MYC (50-75%) and display 
moderate Ki67-labeling (30-50%). No evidence of EBV infection can be detected through EBER-ISH. The diagnosis of DLBCL, non-GCB 
type is suggested.
Figure 1B.　Cytological findings of CSF at CNS relapse
In Giemsa staining, against the background of erythrocytes and small lymphocytes, we identified the abnormal lymphoid cells showing large 
nucleoli vacuolar cytoplasm with basophilic and unevenly distributed nuclei, enlarged, irregular karyomorphose. Thus, lymphoma infiltration 
is strongly considered from the appearance of monotonous cells. Finally, CNS infiltration was diagnosed as abnormal B cells on CSF exam-
ination (a high cell count of 51/μL in CSF) were showing a CD19+CD79a+Igλ+CD5-CD10-CD20-Igκ- phenotype on FCM examination. 
Based on the observation of abnormal lymphoid cells with large nucleoli, vacuolar cytoplasm, basophilic nuclei, and irregular karyomorphose 
in Giemsa staining, we concluded that lymphoma infiltration is most likely suggested. Furthermore, the identification of abnormal B cells 
with a CD19+CD79a+Igλ+CD5-CD10-CD20-Igκ- phenotype on FCM examination of CSF with a high cell count of 51/μL supports the di-
agnosis of CNS infiltration.

ficacy and safety of CNS lymphomas are unknown.

Herein, we report a case of CAR-T cell therapy for

treating an early CNS recurrence of DLBCL.

The Case Presentation
In May 2023, a 66-year-old male was referred to our

hospital for further examination of lymph node swel-

ling. Biopsy result revealed non-GC-type DLBCL (Fig-
ure 1A) with CS IV, IPI 2, and CNS IPI (intermediate

risk). Therefore, we initiated rituximab plus CHOP

therapy, leading to complete remission (CR).

However, 3 months after CR, isolated CNS recur-

rence occurred, with clinical symptoms including ptosis

and eye movement disorders. Contrast-enhanced cranial

CT or MRI showed no apparent abnormalities. CNS in-

filtration was confirmed through cerebrospinal fluid

(CSF) examination, revealing CD19+CD79a+Igλ+CD5-

CD10-CD20-Igκ- phenotype on Flow Cytometry (FCM)

examination (Figure 1B). No other systemic lymph

nodes lesions were observed. Therefore, high-dose

methotrexate (HD-MTX) therapy with intrathecal ad-

ministration of methotrexate (IT-MTX) was adminis-

tered, leading to a significant reduction in CSF cell

count and a cytology diagnosis of“Class III.”How-

ever, residual symptoms affecting the CNS persisted.

Therefore, we judged the CNS disease status just before

CAR-T-cell administration as“PR.”
Secondary isolated CNS relapse has a poor progno-

sis1; therefore, CAR-T cell therapy (liso-cel) was rec-

ommended as second-line treatment. The clinical course

is presented in Figure 2A. Lymphocytes were harvested

using COBE spectra in February 2023, and CAR-T cell

therapy was administered in May 2023 with fludarabine

(40 mg/body, days 4-2) and cyclophosphamide (300

mg/m2, days 4-2) as pretreatment therapy. CSF exami-

nation was performed on day 18 after CAR-T-cell ad-

ministration indicated CR status with resolution of CNS

symptoms. The case was diagnosed with cytokine re-

lease syndrome (CRS) (grade 2) according to clinical

symptoms, which required tocilizumab administration

(8 mg/kg, days 2-4)6. Immune effector cell-associated

neurotoxicity syndrome (ICANS) did not occur after

CAR-T cell therapy. Although prolonged pancytopenia

due to bone marrow failure was observed, hematopoie-

tic function recovery was effectively achieved with G-

CSF and eltrombopag combination.

Importantly, the dynamics of CAR-T cells in periph-

eral blood (PB) were examined using FCM. In PB,

25%, 8%, and 0.3% CAR-T cells were detected on

days 11, 18, and 90, respectively (Figure 2B). Residual

CAR-T cells were also observed, suggesting that these

CAR-T cell populations may contribute to CNS lym-

phoma control. Notably, we detected 46.3% of CAR-T
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Figure 2A.　The clinical course of the case at CNS relapse treated with CAR-T cell therapy
Figure 2B.　The dynamics of CAR-T cells in PB of our case
Figure 2C.　The FCM analysis of CAR-T cells in CSF of our case on day 18
In our case, we measured and detected CAR-T cells by using FCM analysis through enrollment of the JSCT23 trial (Real world data of li-
so-cel in Japanese patients with relapsed or refractory large B-cell lymphoma: UMIN000048958).

cells in the CSF (2/μL) on day 18, suggesting that these

CAR-T cells can migrate directly to meningeal lesions

of DLBCL (Figure 2C).

Discussion
Herein, we validated the efficacy and safety of CAR-

T cell therapy (liso-cel) as a second-line therapy for

early CNS recurrence of DLBCL in clinical practice.

We compared our case with a case in a previous

phase 2 trial5. In the phase 2 trial5, a 54-year-old male

was diagnosed with primary testicular lymphoma and

intracranial lesions were observed. Therefore, gemcit-

abine and methotrexate were also administered as sal-

vage therapy. Subsequently, CAR-T cell therapy was in-

itiated and CRS (grade 2) was tolerable with tocilizu-

mab. ICANS and bone marrow failure did not develop

after CAR-T cell therapy. Although it led to CR (180

days), the patient later developed PD (day 270). Mean-

while, our case involved a 66-year-old male with early

CNS relapse within 1 year. Methotrexate and IT-MTX

therapy followed by CAR-T cell therapy resulted in CR

on day 120, with grade 2 CRS and no ICANS. Notably,

both cases showed a notable effect on CNS lesions, in-

cluding CNS mass in the previous case and meningeal

lesions in the present case.

It is important to discuss whether CAR-T cell ther-

apy is effective in patients with CNS lesions.

In our case of meningeal lesions, aggressive irradia-

tion may be predicted to result in a poor outcome with

potential side effects of severe myelosuppression and

leukoencephalitis. In our case of early relapse after R-

CHOP therapy, autologous peripheral blood stem cell

transplantation might have provided only a temporary

effect with poor outcomes due to the short period from

the last chemotherapy to DLBCL relapse (<1 year).

Therefore, CAR-T cell therapy may be a suitable

second-line treatment option for our case.

However, the risk of migration to the CNS and

ICANS occurrence remains. Recent reports have shown

that CAR-T cells are continuously detected in the CSF

after CAR-T cell therapy7; these cells typically migrate

to tumor sites8. Therefore, among CAR-T cell thera-

pies2-5, liso-cel has been approved by Japanese insurance

for CNS lymphoma based on the results of the global

phase 2 trial (TRANCEND NHL 001), showing 50% of

overall response rate (ORR) (3/6) in six Japanese pa-

tients5. In our case, CAR-T cell therapy was an appro-

priate indication because there was no problem with the

use of liso-cel as a second-line treatment for early re-

currence after R-CHOP and active SCNSL.

First, in terms of efficacy, the sequential analysis of

CAR-T cells in PB showed a high peak of CAR-T cells

on day 11 and residual CAR-T cells on day 90, sug-
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gesting immune surveillance of CNS lymphoma.

Herein, we compared a previous report on CAR-T cell

dynamics (Hu K’s report, 2021) with our case. Accord-

ing to the analysis of PB and CSF of CAR-T cells in

B-ALL, CAR-T cells in CSF also increased proportion-

ally to the increase in CAR-T cells in PB9, the peak of

PB was 6% and the transition to CSF was 20%, respec-

tively9. Therefore, the PB peak in our case was 25%,

and the CSF transition may be speculated. We detected

46.3% CAR-T cells in the CSF on day 18, suggesting

that these CAR-T cells can directly infiltrate CNS le-

sions. Furthermore, long-term CAR-T cell retention

may contribute to disease control.

Second, in our case, CRS was tolerated with tocilizu-

mab treatment. ICANS did not occur after CAR-T cell

therapy. In a phase 2 study, CRS (grade 2) was also

treated with tocilizumab and ICANS was absent5. Based

on only two cases in Japan, the safety of CRS and

ICANS was not severe, contrary to previous expecta-

tions5.

Finally, we present a remarkable meta-analysis of

CAR-T therapy for CNS lymphoma (15 studies includ-

ing 30 PCNSL and 98 SCNSL cases), showing an ex-

cellent ORR (64%; primary CNS lymphoma, 57%; sec-

ondary CNS lymphoma) and safety of ICANS (48%)

(26%; grade 3-4)10.

In conclusion, we validated the efficacy and safety of

CAR-T-cell therapy for early CNS recurrence in pa-

tients with DLBCL. More cases treated with CAR-T

cell therapy for CNS lymphoma will be needed.
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