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Abstract
Background.  Chimeric antigen receptor-modified T (CAR T) cells are profoundly changing the standard of care in 
B-cell malignancies. This new therapeutic class induces a significant number of acute neurotoxicity, but data re-
garding mid- and long-term neurological safety are scarce. We evaluated mid-term neurological safety, with spe-
cial emphasis on cognitive functions, in a series of adults treated with CAR T cells.
Methods.  Patients treated in a single center with CD19-targeted CAR T cells for a relapsing B-cell lymphoma were 
prospectively followed up by neurologists. Before CAR T-cell infusion, all patients underwent neurological examin-
ations with neuropsychological testing and filled out questionnaires assessing anxiety, depression, and cognitive 
complaints. Patients surviving without tumor progression were re-evaluated similarly, 6-12 months later.
Results.  In this prospective cohort of 56 consecutive adult patients treated with CAR T cells, 27 were eligible for 
mid-term evaluation (median time 7.6 months). Twelve patients developed an acute and reversible neurotoxicity 
with median duration time of 5.5 days. In all patients, neurological examination on mid-term evaluation was sim-
ilar to baseline. In self-assessment questionnaires, 63% of patients reported clinically meaningful anxiety, depres-
sion, or cognitive difficulties at baseline, a number reduced to 44% at the time of mid-term evaluation. On cognitive 
assessments, no significant deterioration was found when compared to baseline, in any cognitive functions as-
sessed (verbal and visual memory, executive functions, language, and praxis), even in patients who developed 
acute neurotoxicity.
Conclusion.  In this cohort of patients treated with CD19-targeted CAR T cells, we found no evidence for neurolog-
ical or cognitive toxicity, 6-12 months after treatment.

Key Points

• This study provides prospective data on mid-term neurotoxicity after CAR T-cell therapy.

•  No evidence for neurological deficits or cognitive disorders was found after 6-12 months.
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The recent clinical success of anti-CD19 chimeric antigen 
receptor-modified T-cell (CAR T) therapy represents a break-
through in treatment modalities of B-cell hematological 
malignancies.1,2 However, CAR T-cell infusions have been 

associated with significant side effects, such as cytokine re-
lease syndrome (CRS) and acute neurotoxicity.3,4

Neurological symptoms are observed in approximately half 
of the patients and usually occur within the first 2 weeks after 
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CAR T-cell infusion.3–9 This neurotoxicity typically includes 
cognitive impairments, movement disorders, and some-
times seizures.3–9 Neurological symptoms regress rapidly 
with a median duration of 6 days, although severe forms 
might lead to death in rare cases. In one series, severe 
neurotoxicity was associated with significantly shorter 
survival,9 but neurotoxicity was the cause of death in only 
one patient, suggesting that other factors such as high-
risk disease may have contributed to the poor outcome in 
this series.

In contrast with the short-term evolution of acute neuro-
toxicity, data regarding the long-term neurological safety 
of this new treatment modality are scarce. This point is 
significant as these treatments have a high rate of durable 
remission, including in patients who developed neuro-
toxicity.10 In a study in which patients filled out self-report 
questionnaires, 47.5% of them complained of anxiety, de-
pression, or cognitive disorders.11 Unfortunately, the base-
line evaluation in this series is extracted from the medical 
records, while post-CAR T data are collected from ques-
tionnaires, thus impeding direct comparison between both 
endpoints. However, this series stresses the importance 
of studying long-term neurocognitive disorders that can 
remain underdiagnosed, yet impacting quality of life, in 
patients treated with CAR T cells. Such neurocognitive dis-
orders have been described after chemotherapy or after 
allogeneic stem cell transplant, involving various neuro-
psychological domains, including executive functions, 
verbal working memory, visuospatial functions, proc-
essing speed and attention,11–15 and daily social and pro-
fessional life.16

The objective of this study is to evaluate neurological 
safety between 6 and 12 months after infusions of CAR T 
cells, with special emphasis on cognitive functions, in a co-
hort of patients surviving without tumor progression for 
more than 6 months.

Patients and Methods

Patients

Adult patients treated in Hôpital Saint-Louis (Paris) out-
side clinical trials with anti-CD19 CAR T-cell therapy 
(tisagenlecleucel or axicabtagene ciloleucel) for a relapsing 

lymphoma between October 2018 and August 2019 were 
included in this prospective cohort. Patients received 
lymphodepleting chemotherapy with cyclophosphamide 
and fludarabine before CAR T-cell infusion. This observa-
tional study was approved by the local institutional review 
board for ethics and clinical research (CLEA-2019-74) and 
conducted in compliance with STROBE Statement,17 and 
all patients signed an informed consent.

Neurological Follow-up

During the period reported here (October 2018 and August 
2019), all lymphoma patients treated with CAR T cells un-
derwent full neurological examinations and neuropsy-
chological testing at baseline, within 5  days before CAR 
T-cell infusion. If acute neurotoxicity occurred, patients 
were monitored by a neurologist on a daily basis and 
treated according to the standard of care of our institu-
tion, with steroids and anticonvulsants when required. 
Neurotoxicity was graded according to National Cancer 
Institute Common Terminology Criteria for Adverse Events 
(CTCAEv_5).18 Between 6 and 12 months after the infusion 
of CAR T cells, neurological examination and neuropsy-
chological assessment were administered to patients still 
alive. To avoid any bias, patients who relapsed after CAR T 
cells and received another oncological treatment were not 
included in the analysis.

On the same day as neuropsychological testing, patients 
completed a set of self-administered questionnaires from 
the Hospital Anxiety and Depression Scale (HADS)19 and 
the Prospective and Retrospective Memory Questionnaire 
(QMRP)20 to collect data on anxiety, mood states, and cog-
nitive complaints (see Supplementary Table 1). Anxiety was 
defined as “HADS anxiety” ≥ 8/21; depression as “HADS 
depression” ≥ 8/21; and memory complaints as “QMRP 
Prospective Memory” ≤ 21/40 or “QMRP Retrospective 
Memory” ≤ 19.4/40.

Cognitive performance was assessed by a trained neu-
ropsychologist using a comprehensive battery of standard-
ized neuropsychological tests. The overall cognitive level 
was assessed using the Mini-Mental State Examination 
(MMSE) and five cognitive domains were specifically exam-
ined: episodic memory, short-term memory, executive func-
tions, language, and praxis. The neuropsychological tests 
used in this study have demonstrated reliability, validity, 
and availability of published cutoff and norms in the French 

Importance of the Study

Chimeric antigen receptor-modified T (CAR T)-cell 
therapy is a highly promising treatment for hematolog-
ical malignancies but is frequently associated with cyto-
kine release syndrome and neurotoxicity. Neurotoxicity 
usually occurs within the first 2 weeks after CAR T-cell 
infusion and regresses rapidly with a median duration 
of 6 days. Data regarding long-term neurological safety 
of this new treatment modality are scarce. This study 

provides for the first time prospective data on mid-term 
neurotoxicity after CAR T-cell therapy in a homogeneous 
cohort of patients, evaluated both before and between 6 
and 12 months after CAR T cells. Extensive neurological 
and cognitive examinations founded no evidence for 
mid-term neurological deficits or cognitive disorders, 
even in patients who developed an acute neurotoxicity 
after CAR T cells.

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
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population (see Supplementary Table 2). Some tests are fre-
quently encountered in the international literature (MMSE, 
Rey-Osterrieth Complex Figure, Boston Diagnosis Aphasia 
Examination, Stroop Test, Trail Making Test-A and B, Digit 
Span forward and backward), while others are specific to 
French-speaking patients (French version of the Free and 
Cued Selective Reminding Test, Mahieux gestural praxis 
battery, naming task of 80 images). The choice of tests fol-
lowed the recommendations of the International Cognition 
and Cancer Task Force (ICCTF)12 and of the Reflecting Group 
on Cognitive Evaluations in Oncology (GREC-Onco).21 The 
order of administration of tests and questionnaires was the 
same for all patients. To limit practice effects, alternate ver-
sions were used for the memory tests.

Statistical Analysis

Two kinds of analysis were conducted. First, we compared 
subjective (self-administered questionnaires) and objec-
tive (cognitive tests) measures before treatment and at 
mid-term evaluation, with the aim of highlighting a poten-
tial effect of treatment with CAR T cells on cognition.

For this statistical analysis, continuous variables are 
presented as median (range: minimum to maximum) in 
nonparametrical variables and as mean (standard devia-
tion) in normally distributed variables. Nominal variables 
are presented as percentage. For continuous variables, ana-
lyses were carried out using either a t test or a Wilcoxon test 
according to the acceptance of the normality assumption 
(Shapiro-Wilk normality test, P = .10). Every test was done 
in the paired condition in order to reduce inter-individual 
variance. For the nominal variables, analyses were carried 
out with a nonparametric test (chi-square tests for within 
groups according to comparisons). P values were based on 
2-sided tests, at a significance level of 0.05.

A second analysis was conducted in order to determine 
whether the existence of acute neurotoxicity after injection 
could influence the patients’ mid-term cognitive outcome. 
For this, a nonparametric test (Mann-Whitney test) was 
used since the assumptions of the parametric tests (nor-
mality and homogeneity) were not met.

For both analyses, given the large number of cognitive 
comparison (18 comparisons), the significance level was 
lowered to 0.003 (Bonferroni correction). Statistical ana-
lyses were performed using jamovi software (Version 1.2).

Results

Patients’ Characteristics

Fifty-six consecutive adult patients receiving anti-CD19 
CAR T cells treatment for relapsed/refractory diffuse large 
B-cell lymphomas were screened. Four of these patients 
were not included in this study because they were not 
able to understand French enough to complete tests and 
questionnaires (n = 3) or had a very low level of educa-
tion (n = 1), leaving 52 patients for a prospective follow-up. 
All these patients filled out self-questionnaires assessing 
anxiety, depression, and cognitive complaints and were 

examined by both a neurologist and a neuropsychologist 
to assess neurocognitive functions at baseline.

During follow-up, 18 of these 52 patients died of tumor 
progression (no neurological-related death), at a median 
of 2.3  months (0.3-12.6). Six other patients underwent 
treatment for progression, and one was lost to follow-up, 
leaving 27 disease-free patients for mid-term neurolog-
ical evaluation (mean age ± SD: 58  ± 14  years old). Ten 
patients were treated with tisagenlecleucel and 17 with 
axicabtagene ciloleucel.

Six to 12  months after CAR T-cell infusion (median 
7.6 months; range 6.1-12 months; Supplementary Table 4), 
all these 27 patients, among whom 12 had developed an 
acute neurotoxicity, filled out again the self-questionnaires 
and were re-examined by a neurologist and a neuropsy-
chologist (see Figure 1, flowchart).

Neurological Assessment

Within the 27 patients, baseline neurological examination 
was considered normal in 12 patients (44%). Eleven pa-
tients (41%) had a peripheral sensory neuropathy probably 
due to previous chemotherapies, and four patients (15%) 
complained of radiculopathy due to local compression 
(mainly sciatica). Cerebral MRIs were done in all patients 
and were considered normal for age except in two pa-
tients; one showing punctiform Flair hyper-signals and one 
with multiple micro-bleeds.

Twelve patients developed an acute and regressive neuro-
toxicity (grade 1-2 in eight patients; grade 3-4 in four patients). 
The baseline characteristics of the 12 patients developing 
neurotoxicity did not differ from others in terms of mean 
age, level of education, and gender (see Supplementary 
Table 3). The median day of onset of neurological symptoms 
was day 7 (range 0-18). Neurological symptoms included 
cognitive disorders in most patients (n = 8). Four remaining 
patients without cognitive disorders had isolated cerebellar 
syndrome (n = 1), dyskinesia (n = 1), headaches (n = 1), and 

  

Neurological and cognitive evaluation
before CAR T-cell infusion

(N=52 patients)

Consecutive patients receiving CAR T-cell
therapy for B-cell lymphomas

(N = 56 patients )

Excluded (N = 4):
- Do not understand French enough to complete
the test (N=3)  
- Unable to complete tests due to very low level
of education (N=1) 

- Death (N=18)
- Lymphoma progression (N=6)
- Lost for follow-up (N=1)

Neurological and cognitive evaluation
6 to 12 months after CAR T-cells infusion

(N=27 patients)

Fig. 1  Flowchart of the patients analyzed in the study.
  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
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paraesthesia (n = 1). Detailed neurological symptoms are de-
scribed in Table 1. All patients recovered from neurotoxicity 
within 6 weeks (six patients received steroids), with a me-
dian duration time for recovery of 5.5 days (1-42).

In all patients, neurological examination on mid-term 
evaluation (over 6  months) was similar to baseline. 
Namely, we found no evidence for tremor, seizures, sen-
sorimotor, or cerebellar deficits in both groups, including 
in the 12 patients who developed an acute neurotoxicity.

Self-Questionnaires

At baseline and at time of mid-term follow-up, all the 27 
patients were asked to fill out the HADS and QMRP ques-
tionnaires19,20 assessing anxiety, depression, and memory 
complaints (Table 2; Supplementary Table 4). All question-
naires were retrieved. The most frequent complaints were 
anxiety, reported by 48% of patients at baseline, with a sig-
nificant decrease at the time of follow-up (30% of patients). 
Only two patients reported anxiety at mid-term evaluation 
but not at baseline. Memory complaints, reported by eight 
patients (30%) at baseline (prospective memory in seven 
and retrospective memory in five), persisted in only three 
patients (11%) after 6 months.

Cognitive Assessment

Extensive and validated cognitive assessments for verbal 
and visual memory, executive functions, language, and 
praxis were administrated to all patients (not lost for fol-
low-up) both before and 6-12 months after CAR T-cell in-
fusions. At baseline, all patients’ performance was within 
normal limits.

At the time of mid-term evaluation, no significant dif-
ference was found when compared to baseline, in all 

cognitive functions assessed, neither when each patient 
assessment was compared to its own baseline assessment 
(Supplementary Table 5), nor when the cohort was taken 
as a whole (Table 3). Performances were even improved in 
three tests assessing visuo-constructive functions (copy of 
the Rey-Osterrieth Complex Figure), visuospatial memory 
(recall of the Rey-Osterrieth Complex Figure), and working 
memory (digit span).

In the three patients complaining of memory disorders 
on self-questionnaires after 6 months, cognitive tests were 
strictly similar to baseline. No evidence for mid-term cog-
nitive impairment was seen in the 12 patients who did de-
velop an acute neurotoxicity, including the four patients 
who developed grade 3-4 neurotoxicity with severe acute 
cognitive disorders (Supplementary Tables 5 and 6).

Discussion

We report here a cohort of patients treated in a single 
center with anti-CD19 CAR T cells for relapsed/refractory 
B-cell lymphoma and prospectively followed up by neur-
ologists to monitor potential mid-term (6-12 months) neu-
rological and/or cognitive disorders.

The incidence of acute neurological disorders attributed 
to CAR T cells was 40%, occurring with a median delay after 
CAR T-cell infusion of 7 days. All patients recovered within 
2 months and none of them developed another acute neu-
rological deficit afterwards. Both this incidence and the 
evolution are in line with the literature.3–9 In a previous 
study, no clear difference in terms of frequency of neuro-
toxicity between the type of CAR T cells (tisagenlecleucel 
or axicabtagene ciloleucel) was found.9 There are some 
reports of patients with remittent neurological deficits 
after neurotoxicity onset, but these neurological events re-
solved within 2 months after CAR T-cell infusions.4,7,9

  
Table 1  Neurological Symptomatology in the 12 Patients Who Developed an Acute Neurotoxicity

Period CTC Grade Cognitive Disorders Other Symptoms

1 Days 1-8 1 None Dyskinesia of the upper 
limbs 

2 Days 2-9 1 Dyscalculia -

3 Days 10-19 1 None Truncal and kinetic cere-
bellar syndrome 

4 Days 8-15 1 None Dysesthesia

5 Days 15-20 2 Lexical dysgraphia, executive disorders Truncal and kinetic cere-
bellar syndrome 

6 Days 5-10 2 Drowsiness, dysgraphia, executive disorders Truncal and kinetic cere-
bellar syndrome 

7 Days 5-7 2 None Headaches

8 Days 18-23 2 Executive disorders Myoclonus

9 Days 9-42 3 Drowsiness, aphasia with comprehension dis-
orders, ideatory apraxia

Truncal and kinetic cere-
bellar syndrome

10 Days 6-8 3 Perplexity, simple order comprehension disorder, 
anomic aphasia, complete ideatory apraxia 

-

11 Days 8-26 3 Drowsiness, aphasia, agraphia, executive dis-
orders 

Truncal and kinetic cere-
bellar syndrome, myoclonus 

12 Days 6-12 4 Drowsiness, major agraphia, acalculia, dysarthria  

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
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cognitive functions assessed, neither when each patient 
assessment was compared to its own baseline assessment 
(Supplementary Table 5), nor when the cohort was taken 
as a whole (Table 3). Performances were even improved in 
three tests assessing visuo-constructive functions (copy of 
the Rey-Osterrieth Complex Figure), visuospatial memory 
(recall of the Rey-Osterrieth Complex Figure), and working 
memory (digit span).

In the three patients complaining of memory disorders 
on self-questionnaires after 6 months, cognitive tests were 
strictly similar to baseline. No evidence for mid-term cog-
nitive impairment was seen in the 12 patients who did de-
velop an acute neurotoxicity, including the four patients 
who developed grade 3-4 neurotoxicity with severe acute 
cognitive disorders (Supplementary Tables 5 and 6).

Discussion

We report here a cohort of patients treated in a single 
center with anti-CD19 CAR T cells for relapsed/refractory 
B-cell lymphoma and prospectively followed up by neur-
ologists to monitor potential mid-term (6-12 months) neu-
rological and/or cognitive disorders.

The incidence of acute neurological disorders attributed 
to CAR T cells was 40%, occurring with a median delay after 
CAR T-cell infusion of 7 days. All patients recovered within 
2 months and none of them developed another acute neu-
rological deficit afterwards. Both this incidence and the 
evolution are in line with the literature.3–9 In a previous 
study, no clear difference in terms of frequency of neuro-
toxicity between the type of CAR T cells (tisagenlecleucel 
or axicabtagene ciloleucel) was found.9 There are some 
reports of patients with remittent neurological deficits 
after neurotoxicity onset, but these neurological events re-
solved within 2 months after CAR T-cell infusions.4,7,9

  
Table 1  Neurological Symptomatology in the 12 Patients Who Developed an Acute Neurotoxicity

Period CTC Grade Cognitive Disorders Other Symptoms

1 Days 1-8 1 None Dyskinesia of the upper 
limbs 

2 Days 2-9 1 Dyscalculia -

3 Days 10-19 1 None Truncal and kinetic cere-
bellar syndrome 

4 Days 8-15 1 None Dysesthesia

5 Days 15-20 2 Lexical dysgraphia, executive disorders Truncal and kinetic cere-
bellar syndrome 

6 Days 5-10 2 Drowsiness, dysgraphia, executive disorders Truncal and kinetic cere-
bellar syndrome 

7 Days 5-7 2 None Headaches

8 Days 18-23 2 Executive disorders Myoclonus

9 Days 9-42 3 Drowsiness, aphasia with comprehension dis-
orders, ideatory apraxia

Truncal and kinetic cere-
bellar syndrome

10 Days 6-8 3 Perplexity, simple order comprehension disorder, 
anomic aphasia, complete ideatory apraxia 

-

11 Days 8-26 3 Drowsiness, aphasia, agraphia, executive dis-
orders 

Truncal and kinetic cere-
bellar syndrome, myoclonus 

12 Days 6-12 4 Drowsiness, major agraphia, acalculia, dysarthria  

  

  
Table 2  Percentage of Patients With Self-Assessment of Anxiety, Depression, and Cognitive Complaints Before (Baseline) and 6-12 Months (Mid-
Term) After Post-CAR T Therapy (Patients Can Present Several Signs)

Baseline Evaluation (%) Mid-Term Evaluation (%) P

HADS—anxiety 48 30 .09

HADS—depression 11 7 .56

QMRP prospective memory 26 11 .04

QMRP retrospective memory 19 7.4 .18

Abbreviations: CAR T, chimeric antigen receptor-modified T cells; HADS, Hospital Anxiety and Depression Scale; QMRP, Prospective and 
Retrospective Memory Questionnaire.

  

  
Table 3  Neuropsychological Tests in Our Series, at Baseline and 6-12 Months (Mid-Term Evaluation) After CAR T-Cell Infusion

Name of Neuropsychological Tests Baseline Evaluation Median 
(Min-Max) and Mean (SD)

Mid-Term Evaluation Me-
dian (Min-Max) and Mean 
(SD)

P

Mini-Mental State Examination (Score/30) 29 (25-30) 30 (23-30) 08

Episodic memory    

 � French Free and Cued Selective Reminding Test (learning 
score %)

50% (−14% to 83%) 57% (−14% to 100%) .20

 � French Free and Cued Selective Reminding Test (cueing 
score %)

94% (54% to 100%) 92% (64% to 100%) .45

 � French Free and Cued Selective Reminding TestDelayed 
Free Cued consolidation (score—% of forgetfulness)

6.7% (−21% to 75%) 7.1% (−44% to 63%) .60

 � Visuospatial Memory (Recall of the Rey-Osterrieth Com-
plex Figure—score/36)

21 (5-33) 26 (18-36) <.001

Short-term Memory    

  Digit Span forward and backward (score/19) 9 (4-15) 10 (6-17) .002

Executive functions    

  Trail Making Test part A (seconds) 33 (18-80) 34 (16-80) .16

  Trail Making Test part B (seconds) 84 (42-291) 75 (31-318) .31

 � Trail Making Test part B (time) − Trail Making Test part 
A (seconds)

51 (16-253) 41 (13-275) .19

 � Stroop test: time of interference part − time of denomina-
tion part (seconds)a

58.5 (32-190) 56 (23-152) .008

Language    

  Oral naming task of 80 images (score/80) 79 (66-80) 79 (71-80) 1

  Semantic verbal fluency (number of items in 2 minutes) 31 (17-56) 30 (21-60) .58

 � Dictation of the Boston diagnostic aphasia examination 
(score/3)

3 (1-3) 3 (0-3) .60

 � Repetition (words/sentences) of the Boston diagnostic 
aphasia examination (score/26)

26 (25-26) 26 (25-26) 1

Praxis    

 � Copy of the Rey-Osterrieth Complex Figure—score/36 
(constructive praxis)

34 (27-36) 36 (30-36) <.001

 � Symbolic gestures of the Mahieux gestural praxis  
battery—score/5 (gestural praxis)

5 (4-5) 5 (5-5) 1

 � Pantomimes of the Mahieux gestural praxis battery—
score/10 (gestural praxis)

10 (10-10) 10 (7-10) .37

 � Imitation of abstract gestures of the Mahieux gestural 
praxis battery—score/8 (gestural praxis)

8 (7-8) 8 (7-8) .23

Abbreviation: CAR T, chimeric antigen receptor-modified T cells.
an = 26 patients as one refused to perform the Stroop test. The significance level was lowered to 0.003 (Bonferroni correction).

  

http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
http://academic.oup.com/neuro-oncology/article-lookup/doi/10.1093/neuonc/noab077#supplementary-data
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When neurologically evaluated between 6 and 
12  months after treatment with CAR T, none of the pa-
tients showed any evidence for mid-term neurological 
deficits. All patients showed similar neurological evalu-
ations at baseline and follow-up, including those who 
had developed acute neurotoxicity. This observation 
contrasts with the series of Cordeiro et  al. that reports 
late or long-lasting neurological events in 9/86 patients 
including vascular events, Alzheimer’s dementia, pe-
ripheral neuropathy, restless legs, migraine, seizures, 
and psychiatric events.22 However, baseline evaluation 
is lacking in this series making the relationship of these 
heterogeneous symptoms with CAR T cells unclear in this 
heavily pretreated population, at risk for chemotherapy-
related cognitive impairment. Physiopathology of acute 
neurotoxicity remains unknown. Current hypotheses 
are alteration of the blood-brain barrier due to cytokine 
release and/or infiltration with lymphocytes and CAR T 
cells4,23,24 which might be related to CD19 expression in 
brain mural cells.25 Some series also mentioned cases 
of vascular events.8,22 Our study was not intended to 
clarify the physiopathology, but the return to baseline 
at 6 months in patients who developed an acute neuro-
toxicity without any recurrent episodes, fits better with a 
transient blood-brain barrier alteration than with autoim-
mune or vascular disorders.

Patient-reported outcomes (PROs), measuring health 
status directly from a questionnaire filled out by patients, 
is an interesting tool for evaluation of treatment-related 
toxicities, although self-assessment might be subjected 
to bias.26–28 In our cohort, the rate of meaningful anxiety, 
depression, or cognitive difficulties reported by patients 
was higher at baseline than at the mid-term evaluation 
and this improvement was statistically significant for 
anxiety and prospective and retrospective memory com-
plaint questionnaires. The main complaint being anxiety, 
this trend makes sense for patients achieving remis-
sion of their hematological malignancies. However, the 
level of anxiety remained high in our cohort (30%) when 
compared to the general French population,29 prob-
ably because hindsight after remission was still short 
(6-12 months). In a series of 40 long-term survivors after 
CAR T cells, assessed 1-5 years after remission, the mean 
self-reported neuropsychiatric status was not clinically 
meaningfully different from the general US population.11 
In line with this latter series, our cohort was similar to 
the general French population in terms of depressive 
signs.29

We did not find evidence for mid-term cognitive dete-
rioration after CAR T cells, neither when the cohort was 
taken as a whole, nor when individual patients were 
compared to their own baseline assessments. Better 
still, we saw a significant improvement in performance 
in three cognitive tests involving visuospatial memory 
and working memory. Several factors may account for 
this finding; the most likely being the reduction in anx-
iety which is well known to have deleterious impact on 
memory and working memory,30 or a practice effect 
leading to improvement in cognitive test procedures.31 
Secondly, we analyzed the subset of patients who previ-
ously developed a short-term neurotoxicity, presuming 

that these patients could be more at risk for long-term 
deficits, especially if they had developed acute cog-
nitive disorders. Yet, even in this subgroup, no mid-
term cognitive disorders were found. Interestingly, the 
subset of patients complaining of memory disorders in 
self-questionnaires was not identified with extensive 
cognitive assessment, highlighting the limitations of 
PROs. In the Ruark series, 37.5% of patients reported at 
least one cognitive difficulty on long-term evaluation.11 
This figure is much higher than the 11% of patients 
complaining of memory disorders in our series, but the 
discrepancy probably relies on the different method-
ology and tests used in the Ruark series (no baseline 
assessment, only one item assessing memory, longer 
time interval of the assessment). Evaluation at 2 years 
in our cohort is underway to assess whether cognition 
could worsen over time. We acknowledge that the small 
number of patients included is a limitation of the study. 
However, in such neurocognitive studies with a sys-
tematic evaluation at baseline, it is necessary to find a 
compromise between the number of participants and 
the extensiveness of neurocognitive evaluation, which 
is time-consuming (about 2 hours per patient), requires 
active participation of the patients, and is at high risk 
of loss to follow-up. Only patients who did respond to 
CAR T cells and did not require any other oncological 
interventions were analyzed in this study. This choice 
was made with the idea of minimizing bias, but makes 
us unable to comment on the cognitive outcomes in pa-
tients with progression, which might have been more 
at risk of neurotoxicity. Among our 12 patients who de-
veloped acute neurotoxicity, none of them had seizures. 
This is not surprising as seizures are not so frequently 
encountered in CAR T cells.9 However, this might also 
have introduced a bias in our analysis, as prolonged 
seizures and/or cerebral edema might represent a risk 
factor for poor cognitive outcomes. Further studies on 
cohorts of patients who did experience seizures will be 
needed to address this point.

In conclusion, although CD19-targeted CAR T-cell therapy 
induces a significant rate of acute neurotoxicity, we found 
no evidence in this cohort of patients for mid-term (more 
than 6 months) neurological or cognitive toxicity. This is an 
important point for extending the indications for this type 
of treatment and should be checked for other types of CAR 
T treatments.
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induces a significant rate of acute neurotoxicity, we found 
no evidence in this cohort of patients for mid-term (more 
than 6 months) neurological or cognitive toxicity. This is an 
important point for extending the indications for this type 
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