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CASE REPORT
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Abstract
Chimeric antigen receptor T (CAR-T)-cell therapy is a promising treatment for relapsed/refractory multiple myeloma 
(RRMM). In our previous report, CD19- and BCMA-targeted CAR-T co-administration was associated with a high response 
rate. Although cytokine release syndrome (CRS) and neurotoxicity are frequent complications following CAR-T treatment, 
cerebral infarction is rarely reported as a CAR-T-related complication. We reported a 73-year-old female MM patient who 
received CD19- and BCMA-targeted CAR-T for refractory disease. Her disease responded to CAR-T therapy, but she devel-
oped neurological symptoms following CRS. Cranial CT and MRI demonstrated multiple cerebral infarctions and bilateral 
anterior cerebral artery (ACA) occlusion. We suggest that cerebral infarction other than CAR-T-related neurotoxicity is the 
underlying cause of abnormal neuropsychological symptoms, and diagnostic imaging tests should be actively performed to 
exclude ischemic cerebrovascular events.
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Introduction

Chimeric antigen receptor T (CAR-T)-cell therapy has 
recently emerged as a novel treatment for a variety of hema-
tological malignancies. To date, CD19-targeted CAR-T-cell 
products, such as tisagenlecleucel and axicabtagene cilo-
leucel, have been approved by the U.S. FDA for clinical 
use for pediatric acute lymphoblastic leukemia (ALL) and 
adult diffuse large B-cell lymphoma subtypes (DLBCL) 
[1]. Although CD19 is not widely expressed by myeloma 
cells, its expression was detected in a few myeloma stem 
cells [2]. Compared with CD19, B-cell maturation antigen 

(BCMA) is more specifically and universally expressed by 
MM cells in most MM patients. Therefore, BCMA-targeted 
CAR-T is commonly considered to be a better strategy for 
the treatment of MM, although CD19-targeted CAR-T alone 
or combined with BCMA-targeted CAR-T can be selected 
for therapeutic purpose [3, 4]. In our previous phase II study, 
co-administration of CD19- and BCMA-targeted CAR-T 
cells was therapeutically feasible and efficacious in the 
relapsed/refractory multiple myeloma (RRMM) setting [5]. 
Although CAR-T therapy has a high response rate, a barrier 
to the widespread use of CAR-T-cell therapy is its toxicity, 
primarily cytokine release syndrome (CRS) and neurologi-
cal toxicity [6]. CAR-T-associated neurotoxicity can result 
in headache, confusion, and delirium, among other neural 
changes. Importantly, most of these adverse effects are gen-
erally reversible and symptoms usually resolve over time [6, 
7]. To the best of our knowledge, however, cerebral infarc-
tion has never been reported during CAR-T therapy. We 
report a patient with refractory MM who received CAR-T 
salvage therapy and developed cerebral infarction following 
the amelioration of CRS.
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Case

A 73-year-old female with a history of diabetes, hyper-
tension, and coronary heart disease was first admitted to 
the Department of Cardiology for overt heart failure. Her 
initial workup suggested anemia, proteinuria, hypoalbu-
minemia, and hyperglobulinemia with a significantly high 
IgA. She was then transferred to our department, because 
plasma dyscrasia was highly suspected. Her bone marrow 
examination demonstrated 20.5% monoclonal plasma cells 
and a normal karyotype. Immunofixation assay revealed 
monoclonal IgA-λ in serum. The total amount of 24-h 
urine λ chain was 3.7 g and serum creatinine was normal. 
FISH test on CD138-sorted cells was positive for IGH/
FGFR3 fusion and CKS1B/CDKN2C amplification, but 
negative for TP53 deletion, translocation of IGH/MAFB, 
IGH/MAF, and CCND1/IGH. Bone survey demonstrated 
multiple lytic lesions in the spine and skull by both MRI 
and X-ray. Congo red staining was negative on skin biopsy. 
She was diagnosed with IgA-λ multiple myeloma, R-ISS 
stage III. She initially received a cycle of a BD regimen 
(bortezomib; dexamethasone) for the treatment of mye-
loma; however, her IgA level continued to increase at the 
end of the cycle. Lenalidomide was added and her IgA 
level began to decrease 1 month later. As this was likely a 
bortezomib-refractory case, we switched to an IRD (ixa-
zomib; lenalidomide; dexamethasone) regimen. While on 
the IRD regimen, her IgA level continued to decrease and 
the best recorded response was very good partial response 
(VGPR). However, lenalidomide was withdrawn because 
of intolerance. Three months after the best recorded 
response, there was an abrupt increase in serum IgA and 
total urine λ chain. As her disease quickly rebounded and 
relative intolerance to both lenalidomide and ixazomib 
(severe thrombocytopenia and renal insufficiency) was 
observed, we enrolled her into the CAR-T therapy clinical 
trial (ChiCTROIC-17011272). While waiting for CAR-T 
to be available, we put her on the IRD regimen again. Con-
sidering her comorbidities and pancytopenia, dose-reduced 
and truncated IRD was selected. She responded slightly to 
the reintroduction of IRD. However, her serum IgA level 
began to increase again approximately one month later, 
along with the exacerbation of renal impairment. Although 
the COVID-19 pandemic greatly affected the turnover of 
CAR-T, an autologous CAR-T product was re-infused 
after FC (fludarabine; cyclophosphamide) T-cell-deleted 
conditioning chemotherapy in Feb, 2020. This product 
consisted of humanized anti-CD19 CAR-T cells (1 ×  106 
cells per kg) and murine anti-BCMA CAR-T cells (1 ×  106 
cells per kg). Both CARs included a 4-1BB costimulatory 
domain and the CAR-T cells were acquired by transfect-
ing CD3-positive T cells with a lentiviral vector carrying 

the CAR sequence, as previously described [5]. Within 
the first couple of weeks, her serum IL-6 and ferritin lev-
els remained normal, but her serum IgA level continued 
to decrease during this period, because she stopped all 
anti-myeloma agents after CAR-T-cell infusion. On the 
23rd day post-infusion, she developed fever and increased 
levels of serum IL-6(829 pg/mL; normal range < 7 pg/mL) 
and ferritin (1432 ng/mL; normal range 4.63–204 ng/mL), 
which suggested CRS. Her fever did not resolve after sup-
portive treatment, and sustained hypofibrinogenemia and 
marked neutropenia were unresponsive to G-CSF. Her 
fever resolved after a dose of 400 mg of tocilizumab, but 
neutropenia and hypofibrinogenemia did not improve. We 
prescribed dexamethasone at 10 mg once daily to con-
trol her CRS, and her neutrophil count normalized and 
hypofibrinogenemia improved. However, on the 29th day 
post-infusion, we noted signs of elusion and memory 
defects in the patient, and she also exhibited weakness of 
both legs. We suspected CAR-T-related neurotoxicity and 
added cyclophosphamide at 300 mg once daily in addi-
tion to dexamethasone to eliminate the CAR-T cells. On 
the 30th day post-infusion, her pulmonary infection wors-
ened. No causative agent was identified by sputum culture. 
We administered empiric antibiotic therapy with imipe-
nem/cilastatin. However, on the 31st day post-infusion, 
she was comatose. Cranial CT revealed cerebral atrophy 
with ischemic changes in the white matter of the brain, 
bilateral frontal lobe edema density, and possible frontal 
lobe cerebral infarction (Fig. 1A, B). Subsequent cranial 
MRI and vascular imaging demonstrated multiple acute 
cerebral infractions of the bilateral frontal lobes, radioac-
tive crown and corpus callosum, bilateral occlusion of the 
A2 fragment of ACA (Fig. 1C, D), and bilateral localized 
visualization of the A2 segment of the anterior cerebral 
artery with no clear visualization of its distal and branch 
(probable occlusion; Fig. 1E). The coma lasted until she 
died of pulmonary infection on the 34th day post-infusion. 
The clinical course is shown in Fig. 2.

Discussion

Although CAR-T-cell therapy was demonstrated to be effec-
tive against hematological malignancies, such as B-cell acute 
lymphoblastic leukemia, some types of lymphoma, and MM, 
CAR-T-related toxicities cause significant morbidities, some-
times even death. Among those toxicities, CRS and neuro-
toxicity are the most prominent and unique to CAR-T ther-
apy [1, 6, 7]. To better define and manage them, a grading 
system and treatment algorithm were proposed [8]. In our 
previously report, 91% (19/22) of all RRMM patients who 
received dual CAR-T products developed CRS, and 86% 
(18/22) had grade I to II and only one patient developed grade 
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III CRS. Although there were two patients who had neuro-
logical complications, none of them had cerebral infarction 
[5]. Strati et al. [9] recently reported that 68 of 100 patients 
with relapsed or refractory large B-cell lymphoma (LBCL) 

treated using axicabtagene ciloleucel developed immune effec-
tor cell-associated neurotoxicity syndrome (ICANS) and 41 
(41%) had grade ≥ 3. Of 38 patients with ICANS who under-
went MRI, three had MRI findings with features of stroke. 

Fig. 1  Cranial CT and MRI 
images. a, b Cranial CT. 
Bilateral diffuse hypo-density 
was detected by CT around 
the cerebral ventricles and 
corona radiata on the 30th 
day post-CAR-T infusion (red 
arrow). c, d Cranial MRI. Low 
signal intensity on T1-weighted 
images and high signal intensity 
on T2-weighted images of the 
bilateral frontal lobes, radioac-
tive crown, and corpus callosum 
on the 30th day post-CAR-T 
infusion (red arrow). e Magnetic 
resonance angiography (MRA) 
showed bilateral occlusion of 
the A2 segment of the ACA 
(red arrow)
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A working group of experts from 11 centers in the United 
States called the chimeric antigen receptor-intensive-care unit 
(CAR-ICU) initiative reported that ischemic and hemorrhagic 
strokes concomitant with neurotoxicity were observed at five 
centers [10], but the authors did not describe ischemic or hem-
orrhagic stroke in detail. According to these reports, ischemic 
stroke is a less common complication of CAR-T therapy. In 
our case, neurological symptoms emerged during the ame-
lioration of CRS, and to our knowledge, CAR-T-associated 
neurotoxicity usually, but not always, develops following CRS. 
Therefore, it may be simply misdiagnosed as neurotoxicity 
instead of ischemic stroke if proper imaging is not performed. 
To date, there is no report of bilateral ACA occlusion during 
CAR-T therapy for relapsed/refractory MM. Of note, occlu-
sion of bilateral ACA occurred, while the patient had marked 
thrombocytopenia and hypofibrinogenemia. As infarction of 
the ACA territory accounts for only 0.3–4.4% of reported cer-
ebral infarctions, and bilateral infarction is even more rare [11, 
12]. Cytokine secretion induced by CAR-T-cell therapy can 
cause systemic inflammatory storm in recipients. A key role 
of inflammation in the pathogenesis of ischemic stroke has 
been reported [13]. Cytokine-mediated endothelial activation 
and damage were noted in patients who developed neurotox-
icity after CD19 CAR-T infusion, which enabled the transit 
of high concentrations of systemic cytokines into the CSF 
[14]. Norelli et al. [15] demonstrated in a mouse model that 
inflammatory cytokines, such as IL-1β, which usually increase 
during CRS, are associated with CAR-related neurotoxicity. 

Thus, cerebral infarction was probably associated with CRS. 
In addition, coagulation abnormalities frequently occur during 
CAR-T treatment, which was also observed in the present case, 
and CRS is thought to be one of the causes of coagulation dis-
orders [16]. Considering this patient had no atrial fibrillation, 
embolism was unlikely responsible for bilateral infarction. In 
conclusion, this is the first report of bilateral ACA occlusion 
during CAR-T therapy for relapsed/refractory MM, which 
may easily be confused with CAR-T related neurotoxicity; 
therefore, imaging should be actively performed for patients 
who develop neurological symptoms after CAR-T infusion to 
exclude ischemic cerebrovascular events.
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