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Case Report

Prolonged severe cytopenia followed by fatal CAR T-cell-mediated encephalitis in
a patient with acute lymphoblastic leukemia
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Abstract
Immune effector cell-associated neurotoxicity syndrome usually occurs within the first four weeks of chimeric

antigen receptor (CAR)-T cell therapy. In addition, prolonged cytopenia is a long-term adverse effect following
the use of CAR T-cell therapies. Here, we present a case of prolonged severe cytopenia followed by fatal CAR T-
cell-mediated encephalitis. A 22-year-old male patient was referred to our hospital for a second relapse of B-cell
precursor acute lymphoblastic leukemia (ALL), which was diagnosed 22 months after hematopoietic stem cell
transplantation from an unrelated donor. CAR T-cells (tisagenlecleucel) were infused during the third cycle of
complete remission after chemotherapy. The patient developed grade 2 cytokine release syndrome requiring a
single dose of tocilizumab. Cytopenia was profound from day 30 onward, but no other serious complications
were observed. On day 50, the patient developed sensory impairment, disturbing behavior, and confusion. Brain
magnetic resonance imaging (MRI) scan and cerebrospinal fluid (CSF) analysis revealed no pathological findings.
Severe neutropenia persisted despite G-CSF treatment, and the patient’s neurological symptoms rapidly pro-
gressed from day 65. Brain MRI revealed hydrocephalus. The CSF showed elevated xanthochromia, mononuclear
cell counts, and protein levels. A therapeutic attempt with prednisolone for encephalitis was ineffective, and
the patient died on day 77 owing to neurological toxicity. Late-onset CAR T-cell-mediated encephalitis was sus-
pected, although the CSF was not assessed for CAR T-cells. In addition, the patient developed prolonged and se-
vere cytopenia. To the best of our knowledge, this is the first report of prolonged severe cytopenia followed by
late-onset CAR T-cell-mediated encephalitis. These unexpected long-term adverse effects may occur and should
also be considered.
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Introduction
Chimeric antigen receptor (CAR)-T therapy is an ef-

fective treatment modality for relapsed B-cell precursor

acute lymphoblastic leukemia (ALL). The most preva-

lent reported adverse events include cytokine release

syndrome (CRS), immune effector cell-associated neu-

rotoxicity syndrome (ICANS), and prolonged cy-

topenia1-3. Severe ICANS usually occur within the first

4 weeks after CAR T-cell therapy and respond well to

steroids1. Patients who experience cytopenia after CAR

T-cell therapy typically recover their blood counts by

30 days, but several cases demonstrate persistent or late

cytopenia beyond 30 days3. Here, we report a case of

prolonged severe cytopenia followed by fatal progres-

sive central neurotoxicity that occurs 2 months after

CAR T-cell administration in a patient with relapsed B-

cell precursor ALL who previously underwent alloge-

neic hematopoietic stem cell transplantation (HSCT).

Case Presentation
A 17-year-old boy was diagnosed with B-cell precur-

sor ALL that relapsed in August 2019 during mainte-

nance therapy after first-line chemotherapy. Central

nervous system (CNS) involvement was negative at the
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Figure　1.　
A. Clinical course of the patient
B. Axial T1 MRI with gadolinium showing encephalitis with periventricular and hydrocephalus
WBC, white blood count; Neut, neutrophil; G-CSF, granulocyte colony-stimulating factor; PSL, prednisolone; MRI, mag-
netic resonance imaging; CSF, cerebrospinal fluid

time of diagnosis and relapse. The patient achieved a

second complete response (CR) with reinduction ther-

apy, which consisted of clofarabine, etoposide, and cy-

clophosphamide, as well as an intrathecal injection (IT)

of prednisolone/cytarabine/methotrexate. The patient un-

derwent unrelated allogeneic HSCT during second CR.

The conditioning regimen consisted of total body irra-

diation (12 Gy), cyclophosphamide (120 mg/kg), and

etoposide (30 mg/kg). However, a second combined re-

lapse (bone marrow and skin) occurred in November

2021. There was no CNS involvement even at the sec-

ond relapse. Salvage treatment with commercial CAR

T-cell therapy using tisagenlecleucel (Tisa-Cel) was

planned. The patient underwent autologous collection

and demonstrated the successful manufacture of a

CD19-CAR product, Tisa-Cel, after controlling for dis-

ease status using prednisolone and vincristine. He

achieved a third CR after bridging therapy with ino-

tuzumab, ozogamicin, mini-hyper-CVD, and IT with

prednisolone/cytarabine/methotrexate. Additionally, he

received a single dose of Tisa-Cel (total cell dose: 1.1

× 108) 4 months after the second relapse following

lymphodepletion chemotherapy with cyclophosphamide

and fludarabine. The patient developed grade 2 CRS

(ASTCT grading)4 on day 4 and required a single dose

of tocilizumab (8 mg/kg). His symptoms were relieved

after two days and white blood cell and neutrophil

counts increased to 2.0 and 0.5 × 109/L, respectively,

on day 15. However, pancytopenia with severe neutro-

penia (0.0 × 109/L) developed on day 30 (Figure 1A).

Severe neutropenia (0.0 × 109/L) persisted despite

granulocyte colony-stimulating factor (G-CSF) admini-

stration. The patient developed sensory impairment, dis-

turbing behavior, and confusion on day 50; however,

brain magnetic resonance imaging (MRI) scans and

cerebrospinal fluid (CSF) analysis revealed no patho-

logical findings. His neurological symptoms, such as

dysarthria and delirium, rapidly progressed, and MRI

resonance imaging revealed encephalitis with periven-

tricular hydrocephalus on day 64 (Figure 1B). CSF

demonstrated elevated xanthochromia, mononuclear cell

counts (27/μL), and protein levels (435 mg/dL) and de-

creased glucose (16 mg/dL). We did not analyze the

presence of CAR T-cells in the CSF because we could

not suspect CAR T-cell-mediated encephalitis at this

time. Subsequently, late-onset CAR T-cell-mediated en-

cephalitis was suspected because CSF analysis also re-

vealed no pathological findings and severe pancytopenia

persisted owing to CAR T-cells. Although he received

drainage and prednisolone as therapeutic treatments for

encephalitis, his neurological symptoms worsened on

day 77, and he died. His blood counts never recovered,

and pancytopenia with severe neutropenia (0.0 × 109/

L) persisted until death.

Cytopenia followed by CAR T mediated encephalitis
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Discussion
Hematological toxicity is a known side effect of

CAR T-cell therapy3. A biphasic course of cytopenia

has been reported. The peripheral blood counts de-

creased as a consequence of lymphodepletion chemo-

therapy. A second decreasing phase is described, whose

mechanisms remain unclear once cytopenia recovers3, 5, 6.

Grade 3 or 4 neutropenia and thrombocytopenia have

not resolved by day 28 in 53% and 41% of patients

with ALL, respectively7, 8. Fried et al. revealed that pa-

tients who experienced high-grade CRS (grade >2) and

received prior allogeneic HSCT, particularly those who

received CAR T-cell therapy <1 year after HSCT, are at

an increased risk of developing prolonged cytopenia3.

Congruently, our patient received allogeneic HSCT be-

fore CAR T-cell therapy and experienced grade 2 CRS

after CAR T-cell therapy. Sharma et al. reviewed the

possible reasons for prolonged cytopenia after CAR T-

cell therapy9. Interestingly, they proposed the suppres-

sive effect of persistent CAR T-cells is one of the rea-

sons for prolonged cytopenia. Hence, persistent CAR T-

cells may have caused prolonged severe cytopenia in

our case, since late-onset suggestive CAR T-cell-

mediated encephalitis is complicated during cytopenia.

Our patient experienced sensory impairment, disturbing

behavior, and confusion for more than one month after

CAR T-cell therapy, and these neurological symptoms

rapidly progressed. Jung et al. described the first case

of fatal late-onset CAR T-cell-mediated encephalitis af-

ter CAR T-cell therapy10. Their case initially developed

painless loss of the central visual field and rapidly de-

veloped dysarthria, dysphagia, ataxia, and intermittent

delirium 7 months after CAR T-cell therapy. CSF dem-

onstrated a high CAR T-cell-specific DNA copy num-

ber. MRI resonance imaging revealed encephalitis of

the brainstem and cerebellum. Therefore, the patient

was diagnosed with late-onset CAR T-cell-mediated en-

cephalitis. Intrathecal alemtuzumab administration to

eliminate CSF circulating CAR T-cells was markedly

effective; however, CAR T-cell DNA reappeared in the

CSF after alemtuzumab discontinuation. Our patient’s

clinical course was consistent with that of the previous

case10. CSF was not assessed for CAR T-cells because

no studies have reported late-onset CAR T-cell-

mediated encephalitis at that time, and this case was in-

itially unexpected. Although CSF was assessed for

CAR T-cells, late-onset CAR T-cell mediated encephali-

tis was suspected to be due to persistent CAR T-cells.

To the best of our knowledge, this is the first report of

prolonged severe cytopenia followed by late-onset CAR

T-cell-mediated encephalitis. Both side effects are sug-

gested to be related and therefore we should consider

unexpected long-term side effects after CAR T-cell ther-

apy.
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