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Abstract

Introduction: Treatment with CD19 chimeric antigen receptor (CAR) T cells is an innovative therapeutic approach
for patients with relapsed/refractory diffuse large B cell lymphoma (r/rDLBCL) and B-lineage acute lymphoblastic leu-
kemia (r/rALL). However, convincing therapeutic response rates can be accompanied by cytokine release syndrome
(CRS) and severe neurotoxicity termed immune effector cell-associated neurotoxicity syndrome (ICANS).

Methods: Single center, prospective observational study of fifteen consecutive r/r DLBCL patients treated with
Tisagenlecleucel within 1 year at Hannover Medical School. Extensive neurological work-up prior to CART cell infusion
included clinical examination, cognitive testing (Montreal-Cognitive-Assessment), brain MR, electroencephalogram,
electroneurography, and analysis of cerebrospinal fluid. After CART cell infusion, patients were neurologically exam-
ined for 10 consecutive days. Afterwards, all patients were assessed at least once a week.

Results: ICANS occurred in 4/15 patients (27%) within 6 days (4-6 days) after CART cell infusion. Patients with ICANS
grade 2 (n=3) exhibited similar neurological symptoms including apraxia, expressive aphasia, disorientation, and
hallucinations, while brain MRI was inconspicuous in either case. Treatment with dexamethasone rapidly resolved the
clinical symptoms in all three patients. Regarding baseline parameters prior to CART cell treatment, patients with and
without ICANS did not differ.

Conclusions: In our cohort, ICANS occurred in only every fourth patient and rather low grade neurotoxicity was
found during daily examination. Our results demonstrate that a structured neurological baseline examination and
close monitoring are helpful to detect CART cell related neurotoxicity already at an early stage and to potentially
prevent higher grade neurotoxicity.
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Background

Therapy with chimeric antigen receptor (CAR)-T cells

directed against the B-cell surface marker CD19 is a

new therapeutic approach for patients with malignant

B-cell diseases [3, 14, 24]. In a retrospective study of
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cell therapies showed significantly better response rates
in their pivotal studies. Tisagenlecleucel exhibited an
objective response rate (ORR) of 52% and a complete
remission (CR) rate of 40% in patients with refractory
or relapsed DLBCL [1]. Axicabatagene Ciloleucel for its
part showed ORR and CR rates of 74% and 54%, respec-
tively [14]. However, during establishment of CAR T cell-
based therapies it was observed that the occurring side
effects differed significantly from those under classical
chemotherapy or antibody therapies. In particular, two
characteristic clinical manifestations due to drug toxicity
have been described: (1) Depending on the CD19 CAR T
product, 58—94% of patients developed a cytokine release
syndrome (CRS) [9, 15] triggered by a pronounced
cytokine release from activated T cells in peripheral
blood and consecutive systemic inflammation [28]. (2)
Neurological adverse events termed immune effector cell
associated neurotoxicity syndrome (ICANS) have been
reported. The prevalence and severity of neurotoxicity
depend on various factors such as previous therapies,
tumor load, different designs of CAR T cells, CAR T cell
dosage, and infusion regime [7, 8, 20, 22]. Although CRS
and neurotoxicity are considered as separate CAR T cell-
associated toxicities, as they do not occur simultaneously
and are treated differently, there is evidence that CRS
plays a role in the development of neurotoxicity and that
the occurrence of severe CRS increases the risk of neuro-
toxicity [8]. ICANS can manifest with multiple and ini-
tially in unspecific symptoms such as tremor, headache,
or neurocognitive deficits [16]. In severe cases, ICANS
can lead to the development of brain edema with accom-
panying focal neurological deficits such as apraxia and
dysarthria [16]. However, motor aphasia, seizures, and/or
loss of consciousness might even occur without signs of
brain edema [22]. Deaths due to neurotoxicity have been
reported in 3% of patients [8, 14]. A specific therapy of
ICANS is currently not available and thus corticoster-
oids were used in most studies as first-line therapy [2,
18]. There is still limited knowledge about the occurrence
and description of ICANS symptoms and their tempo-
ral evolution. Here, we provide the results of extensive
neurological monitoring of 15 adult DLBCL patients
who received CAR T cell therapy in a prospective sin-
gle center study. The aim of the study was to determine
the frequency and severity of neurotoxicity in the local
cohort and to develop a suitable diagnostic and therapeu-
tic approach to minimize severe neurotoxicity.

Methods

Study design and setting

Eighteen patients with relapsed and refractory DLBCL
were screened for treatment with Tisagenlecleucel
between April 2019 and February 2020 and included into
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this prospective single center study at Hannover Medi-
cal School, Hannover, Germany. Fifteen patients were
finally treated. All patients received an extensive neuro-
logical examination prior to CAR T cell therapy (Fig. 1).
After CAR T cell infusion, patients were neurologically
examined for 10 consecutive days. Up to 4 weeks fol-
lowing infusion, the patients were assessed at least once
a week. Three patients had been screened but were not
treated with CAR T cells. In two of them, the therapeu-
tic concept was changed to palliative care and one patient
received rituximab, bendamustine, and polatuzumab
instead of CAR T cell therapy due to rapid lymphoma
progression.

Participants

Demographic data included age, sex, underlying dis-
ease, number of previous therapy regimes, CAR T cell
dose, and time since diagnosis of DLBCL (see Additional
file 1). Besides clinical neurological examination and
MoCA testing (see Additional file 2), diagnostic pro-
cedures included brain MRI, electroencephalography
(EEQG), electroneurography (ENG) (median, peroneal and
sural nerve), CSF examination (cell count, protein lev-
els, albumin ratio, lactate, intrathecal immunoglobulin
synthesis, oligoclonal bands (OCB)), and serum analy-
sis for antineuronal antibodies. All patients gave written
informed consent for participation (Hannover Medical
School, 2413-2014). One patient included in the present
study was previously described in detail [26].

Diagnostic procedures

All patients received an extensive neurological monitor-
ing before, during and after CAR T cell therapy. MoCA
testing was used to detect cognitive deficits. For the first
10 days after CAR T cell treatment MoCA testing was
applied daily, then once a week for at least 1 month. A
total of three different versions of the MoCA test were
applied. The ICANS grading was based on the current
ASTCT consensus criteria [13].

All patients were examined by brain magnetic reso-
nance imaging (MRI) using a whole body MR system
operating at 3 Tesla (Skyra, Siemens, Erlangen, Germany).
The multisequence protocol included 3D fluid attenuated
inversion recovery (FLAIR), axial T2-weighted, diffusion-
weighted imaging (DWI), susceptibility weighted imag-
ing (SWI) and T1-weighted sequences before and after
single dose intravenous Gadolinium administration.
All images were analyzed by an experiences neuroradi-
ologist (>15 years) with special expertise in the field of
neuroinflammation.

Electrophysiological diagnostics were performed with
superficial stimulators and recording electrodes as con-
ventional standard routine procedures [27]. For EEGs,
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Fig. 1 Hannover cohort neurological examination and monitoring before, during and after CART cell treatment. CSF: cerebrospinal fluid; EEG:
electroencephalography; MoCA: Montreal Cognitive Assessment; MRI: magnetic resonance imaging

electrode placement was performed according to the
10/20 system [11]. Besides hyperventilation with subse-
quent resting derivation, photostimulation with a flick-
ering light was performed as well.

CSF and serum samples were analyzed by routine
methods which have been described before [25]. Imme-
diately after CSF withdrawal by lumbar puncture, CSF
cell count, total CSF protein, and CSF lactate were ana-
lyzed. For further analyses the residual CSF was cen-
trifuged (145 g for 15 min) and the supernatant frozen
at—70° C. CSF oligoclonal bands were determined by
isoelectric focusing in polyacrylamide gels with consec-
utive silver staining [10].

Commercially available cerebellum primate slides
(INOVA Diagnostics) and immunoblots with recom-
binant antigens (PNS-Blot, Ravo Diagnostika) were
utilized for detection of antineuronal antibodies via
indirect immunohistochemistry.

Results

Patients’ characteristics

In the period from April 2019 to March 2020, 15
adult patients with refractory or relapsed DLBCL
were treated with CAR T cell therapy (Tisagenlecleu-
cel). Their median age at CAR T infusion was 59 years
(range 31-75 years). Six patients (40%) were female.
The number of previous lines of antineoplastic thera-
pies ranged from 2 to 6 (mean: 5). The median time
from diagnosis of DLBCL until CAR T infusion was 17
(4-197) months. Patients received 2.3 (0.2-3.5) x 108
CAR T cells (mean, range) after lymphodepletion with
Fludarabine and Cyclophosphamide.

Baseline results
All patients were neurologically examined and received
baseline brain MRI, EEG and electrophysiological
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measurements. Three patients showed mild cognitive
impairment (MoCA test<26 points) at baseline while
EEG and imaging findings remained unremarkable.
MRI at baseline was inconspicuous in 12/15 cases. In
two cases, vascular white matter lesions suggestive
of ischemic white matter disease were found. Those
lesions went beyond the normal age-related damage
and were scored with Fazekas grade 2 [6]. Addition-
ally, one woman exhibited right frontal meningioma as
an incidental finding. EEG examinations were normal
in 9/15 patients. Subtle vigilance fluctuations (alpha
decay) and slight dysrhythmia were observed in indi-
vidual cases (n=6). In 11 patients clinical signs and
symptoms of polyneuropathy were detectable during
neurological examination. Electrophysiological investi-
gations revealed signs of neuropathy in all 15 patients.

Table.1 Baseline characteristics: CSF examination (n=10) and
other diagnostic findings

Diagnostic methods Patients (n)

Signs and/or symp-  Clinical 11/15
toms of neuropathy Neurography 15/15
Brain MRI Vascular lesions (Fazekas grade>2)  2/15
EEG Subtle vigilance fluctuations 6/15
CSF analysis Elevated cell count 0/10
Elevated protein 2/10
Elevated Qalbumin 2/10
Oligoclonal bands 0/10

CSF: cerebrospinal fluid; EEG: electroencephalography; MRI: magnetic resonance
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An association with previous chemotherapies may be
suspected.

In 10/15 patients (67%) CSF analysis was performed.
No patient showed significant pathological CSF find-
ings: CSF count was normal in all patients (mean 1/yl,
range 1-3 cells/ul) (normal value <5 cells/pl), mean CSF
protein was 413 mg/l (range 289-578 mg/l) (normal
value <520 mg/l), and average Qalbumin amounted to
6.48 (range 3.65-9.23) (with the cohort’s average age of
59 years the upper limit of Qalbumin is 7.93). With 9.23
and 8.48, two patients exhibited slightly elevated Qal-
bumin indicating a subtle disturbance of the blood-CSF
barrier function. In no case, oligoclonal bands (type 2 or
type 3) as a sign of intrathecal immunoglobulin synthe-
sis became apparent. Likewise, antineuronal antibodies
could not be detected in any case. An overview of base-
line results is presented in Table 1.

Neurological monitoring during CART cell therapy-MoCA
testing and ICANS incidence

Patients underwent daily neurological examination
and MoCA-testing. The median assessment period was
10 consecutive days after CAR T cell therapy (range
6—14 days) unless cognitive state did not allow further
testing. ICANS was diagnosed in 4/15 patients. Con-
versely, MoCA results remained within the normal range
in 11/15 patients and only slight fluctuations were detect-
able. 3/4 ICANS patients showed a steep drop in MoCA
test results on days 4, 5 and 6, respectively (Fig. 2). Espe-
cially executive functions, word finding, and retentive-
ness were disturbed (data not shown). In all three cases,

MoCA score

Pat 01
Pat 02
Pat 03
Pat 04
Pat 05
Pat 06
Pat 07
Pat 08
Pat 09
Pat 10
Pat 11
Pat 12
Pat 13
Pat 14
Pat 15

KEXEREXZERERL X

.
.

T

0 2 4

6 8 10

Days since CAR T therapy

Fig. 2 MoCA test results during 10 days monitoring period. All 15 patients were treated with CART cell therapy. Except for patient 4 and patient 15
all patients were subjected to a daily MoCA test until the 10th day after therapy. MoCA: Montreal Cognitive Assessment. Pat: patient. *Patient 4 was
intubated due to severe CRS on day 8, no further testing; # Patient 15 was transferred to palliative care unit on day 7, no further testing
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decrease in MoCA testing was followed by further symp-
toms such as apraxia, tremor, and hallucinations. The
patients presented with behavioral changes and seemed
suspicious and scared. Symptoms of those three patients
with a significant deterioration in MoCA-testing are
further on described in more detail. None of the three
patients exhibited signs of suggestive of inflammation,
particularly no imaging sign suggestive of brain edema
on MRI or showed seizures, and thus, they were finally
diagnosed with ICANS grade 2. Another patient who
reported vivid nightmares and who was slightly disori-
ented and confused, was diagnosed with ICANS grade
1. She exhibited a MoCA test result of 23/30 points on
day 4. Her symptoms spontaneously completely resolved.
Two of four ICANS patients required monitoring on
ICU. Steroid treatment with intravenous dexamethasone
40 mg per day was initiated in all three cases with ICANS
grade 2. The therapy was continued in tapering doses for
a total of 4 or 5 days. ICANS symptoms of two patients
completely resolved after steroid treatment. One patient
showed an improvement, but still had residual neurocog-
nitive symptoms such as orientation and concentration
disorder. Interestingly, only one patient presented with
CRS before she developed neurological symptoms.

Description of ICANS°Il in case 7

A 75-year old woman was diagnosed with DLBCL and
received R-CHOP (rituximab, cyclophosphamide, doxo-
rubicin, vincristine, prednisone). Disease was progressive
17 months later and she received re-induction therapy
with R-DHAP (rituximab, dexamethasone, high dose
Ara-C, cisplatin) therapy and high dose BEAM (BCNU,
etoposide, Ara-C, melphalane) with autologous stem
cell transplant as consolidation therapy. After another
relapse, polatuzumab-vedotin in combination with Ben-
damustin and Rituximab was initiated. Pre-existing con-
ditions included atrial fibrillation, hypothyroidism, and
cervical carcinoma in 1985. During baseline examination,
a slight cognitive impairment was noted (MoCA test: 25
points). Clinical examination, brain MRI, and EEG did
not reveal significant pathological findings. About 2 years
after diagnosis of DLBCL, the patient received tisagenle-
cleucel (cells: 3.4 x 108/kg bodyweight) after lymphode-
pletion with fludarabine and cyclophophamide. On day
2 after the infusion, she presented with fluid-refractory
hypotension and fever. Assuming CRS grade 2 the patient
was admitted to the intensive care unit. As IL-6 serum
levels rapidly increased on day 3 [5388 ng/l] (Fig. 4) toci-
lizumab treatment was initiated. On day 4, when IL-6
levels started to slowly decrease [4956 ng/l], first neuro-
cognitive deficits, namely concentration-, memory-, and
word finding difficulties could be detected and MoCA-
test score was 22/30 points. On day 5 and 6, the score
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further declined to 20/30 and 14/30 points, respectively.
The patient presented with tremor, visual hallucinations,
and signs of apraxia and aphasia. Brain MRI showed no
pathological findings and consecutively ICANS grade
2 was diagnosed. Dexamethasone was started on day 6.
One day after the initiation of dexamethasone treatment
(dosage: 40 mg per day), neurological symptoms rapidly
improved. On day 8 after CAR T cell infusion, the patient
again achieved 28 out of 30 points in the MoCA test and
steroid therapy was quickly tapered. Neurological symp-
toms described are presented in Fig. 3.

Description of ICANS°Il in case 11

A 63-year old man was diagnosed with DLBCL in 2003
and received 6 courses of R-CHOEP (R-CHOP + etopo-
side) therapy which obtained remission for 13 years.
Thirteen years after his initial diagnosis, he suffered
from a first relapse and was treated with rituximab and
bendamustine. After another relapse and treatment
with rituximab, gemcitabine, oxaliplatin for 8 months,
decision for CAR T cell therapy was made. The patient’s
underlying diseases included terminal renal insuffi-
ciency, thrombosis of the right femoral vein, and right
hip-total endo prosthesis. Except for vascular white
matter changes on brain MRI and clinical and elec-
trophysiological signs of polyneuropathy, neurological
baseline remained inconspicuous. He received fludara-
bine and cyclophosphamide for lymphodepletion and
subsequently tisagenlecleucel (cells: 3.2 x 10%/kg body-
weight). On day 2 after the infusion, neutropenic fever
was diagnosed but no other signs of CRS became obvi-
ous. Six days after CAR T cell therapy the patient sud-
denly developed visual hallucinations, apraxia, aphasia,
and orientation disorder. MoCA test result deterio-
rated from normal values to only 4 of 30 points. ICANS
grade 2 was diagnosed as brain MRI showed no signs
of edema or other pathologies. He was transferred to
the intensive care unit and was treated with dexameth-
asone (initial dosage: 40 mg per day) in descending

Headache Apraxia
Disturbed

Aphasia consciousness

Tremor

Orientation Delirium

disorder

Seizures

¢ Hallucinations

Fig. 3 Typical ICANS symptoms independent of ICANS grading.
Symptoms occurring in the cases described above are printed in bold
and blue. Severity of symptoms increases from left to right
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doses for 5 days. His symptoms improved within 2 days
(28/30 points at MoCA on day 8). No residual neuro-
cognitive deficits were detectable. Neurological symp-
toms described are presented in Fig. 3.

Description of ICANS°Il in case 15

A 62-year old man developed secondary DLBCL
4 months after the initial diagnosis of follicular lym-
phoma. He initially received 4 courses of obinu-
tuzumab-bendamustine and further 6 courses of
R-CHOP +rituximab and methotrexate as disease
was progressive. After a second progress, the patient
obtained R-DHAP (1 course) and R-ICE (rituximab,
ifosfamide, carboplatin, etoposide). Due to further
disease progression, CAR T cell therapy was initiated
10 months after the diagnosis of DLBCL. Regarding
other underlying diseases, the patient was known to
have hypercholesterolemia, hypothyroidism and his-
tory of postrenal acute kidney failure. Except for clini-
cal and electrophysiological signs of polyneuropathy,
neurological baseline examination was inconspicuous.
He received fludarabine and cyclophosphamide for
lymphodepletion followed by tisagenlecleucel (cells:
0.2 x 108/kg bodyweight). After the CAR T cell infu-
sion, an increasing hypercalcemia occurred which made
an emergency dialysis necessary on day 5 after CAR
T cell therapy. A tumor progression was assumed to
be the underlying cause of hypercalcemia. MoCA test
results were already below the limit value of 26 points
from day 2, but on day 6 there was a considerable drop
to only 6 points (Fig. 2). The patient presented with
agitation, apraxia and orientation disorder. Assuming
ICANS grade 2, he was treated with dexamethasone
(initial dosage: 40 mg per day) in descending doses for
5 days. Neurological deficits improved, but orienta-
tion and concentration deficits were still present. Due
to tumor progression despite CAR T cell therapy, the

Page 6 of 10

patient was finally transferred to the palliative care unit
on day 7 after the CAR T cell infusion.

Comparison of baseline characteristics and diagnostic
findings of patients with and without ICANS

The four patients who developed ICANS have been com-
pared with those who showed no signs of neurotoxicity
regarding baseline diagnostic criteria (Table 2). ICANS
patients did not show a significant difference regard-
ing age compared with non-ICANS patients. No signifi-
cant difference was observed in baseline CSF cell count,
blood/CSF barrier disturbance, and presence vascu-
lar white matter lesions on brain MRI. The groups also
did not differ with regard to previous vascular diseases,
tumor burden (measured by LDH value), and platelet
count before CAR-T cell therapy.

Decrease in MoCA testing is associated with increased
serum IL-6 levels in two patients with ICANS grade 2
MoCA results and IL-6 serum levels were compared in
two ICANS grade 2 patients who were observed until the
end of the follow-up period. In patient 7, a steep increase
in IL-6 levels from day 2 to day 3 was detected (Fig. 4)
which coincided with the onset of CRS symptoms. Thus,
treatment with tocilizumab from day 2 was started
(four doses in total). The deterioration in MoCA testing
started with a slight delay on day 4 and reached its low-
est point on day 6 when steroid treatment was initiated.
Afterwards, cognitive functions rapidly improved and
MoCA results normalized on day 8. IL-6 values already
decreased on day 5 and almost reached their initial level
on day 9. Patient 11 who showed no signs of CRS, pre-
sented with an IL-6 serum peak of 1103 ng/l on day 6.
The significant deterioration in MoCA testing occurred
simultaneously with the IL-6 increase and intravenous
steroid treatment was started. While IL-6 values almost
normalized the next day, it took 1 day longer for the neu-
rocognitive impairment to normalize. Compared to those
ICANS patients, all other patients who did not show any

Table.2 Comparison of baseline parameters of patients with ICANS and patients without

ICANS (N=4) No ICANS (N=11) p-value
Age (mean=£SD) 63+£10.3 544145 0.22
CSF cell count (mean=£SD) 1.8+£2.1 0.894+0.74 0.65
Blood/CSF barrier disturbance 1/3 1/7 0.64
MRI vascular lesions (number) 2/4 3/1 0.51
Vascular comorbidities (number) 1.2540.96 1.0£156 0.72
Thrombocytes prior to CAR T therapy (/ul) 142,000+137,117 68,545 + 44,408 037
LDH prior to CART therapy (U/l) 573+566 333167 046

Data presented as means =+ SD. CRS: cytokine release syndrome; CSF: cerebrospinal fluid; ICANS: immune effector cell associated neurotoxicity syndrome; LDH: lactate
dehydrogenase; MRI: magnetic resonance imaging; Student’s two-tailed t test was used to calculate the p-values
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neurocognitive abnormalities exhibited only slight fluctu-
ations in IL-6 levels but no significant increases. Patient
4 who had a fulminant CRS must be mentioned as an
exception. Figure 4 demonstrates the IL-6 course and
MoCA-score development of all non-ICANS patients.

Discussion

Within our cohort, 15 patients have been treated with
CAR T cell therapy. Besides one patient with only sub-
tle neurological symptoms categorized as ICANS grade
1, three other patients developed more distinct neuro-
logical deficits and were diagnosed with ICANS grade 2.
They presented with similar symptoms such as tremor,
orientation disorder, apraxia, aphasia, and hallucinations.
Additionally, all ICANS patients with grade 2 showed
behavioral changes and anxiety. The timing of symp-
tom development (about 5 days after therapy onset), the
combination of symptoms and the sufficient response to
steroid therapy was common to all three patients. The
similarity may be an indication that ICANS is a very spe-
cific side effect and not comparable to other disorders
such as septic encephalopathy. It should be noted that the
incidence of ICANS in our local German cohort is lower
than in other studies that have been published so far.
However, it must be mentioned that the different CAR
T products vary significantly with respect to the occur-
rence of higher-grade neurotoxicity. In the tisagenlecleu-
cel pivotal study, grade 3 and 4 neurotoxicities occurred
in 12% of patients [23], whereas this rate was 28% in the
ZUMA-1 study on axicabtagene ciloleucel (axi-cel) [17].
A univariate analysis showed that younger age, previ-
ous neurological conditions such as epilepsy or history
of headache, toxicity after previous methotrexate ther-
apy, high tumor burden and high CAR T cell dose might

increase the risk of neurotoxicity. Patients with grade 3
or 4 neurotoxicity showed earlier and higher fever, more
severe hypotension, coagulation disorders and a capil-
lary leak, which corresponds to the effects of vascular
dysfunction in CRS. These results have been similarly
observed in other studies [15, 22, 24]. In contrast to the
previous studies, the four ICANS patients in our cohort
were not younger than patients without neurotoxic-
ity. Patients who developed neurological symptoms did
not suffer more frequently from concomitant vascular
diseases and also did not show vascular lesions more
frequently on brain MRI. Furthermore, no significant
differences were observed regarding baseline LDH val-
ues, baseline platelets, and baseline CSF results. Detailed
baseline examination including neurography revealed
polyneuropathy in all patients of our cohort. Toxic dam-
age from the previous multiple chemotherapies can be
assumed.

Regarding cell and molecular levels, monocytes and
macrophages as well as their cytokines IL-1 and IL-6
were shown to play a crucial role in the development of
CRS and neurotoxicity in animal models. Analyses of
the cytokine profiles in patients undergoing CAR T cell
therapy have identified several molecules such as IL-6
that were associated with the occurrence of neurotoxic-
ity [9, 17, 22]. In our cohort, increased IL-6 levels were
found during ICANS development independent of the
occurrence of a CRS. IL-6 blockade with tocilizumab
has been proven to be successful in CRS [12]. However,
tocilizumab has not been shown to reduce the severity
of neurotoxicity or to minimize neurotoxicity-associated
morbidity and mortality. In contrast, it was suggested
that peripheral IL-6 receptor blockade may lead to
increased circulation of IL-6 into the CNS and thus to
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exacerbation of neurotoxicity [4, 19]. Other therapeutic
considerations are based on the fact that destruction of
the endothelium or rather the blood—brain barrier seems
to be crucial for the development of neurotoxicity. There-
fore, treatment with steroids and symptomatic therapy
are preferentially used to combat CAR T cell associated
neurotoxicity.

Our results show that a structured neurological exami-
nation and monitoring leads to a profound diagnosis and
effective treatment of ICANS using dexamethasone, con-
secutively resulting in an excellent neurological outcome.
The first 10 days of monitoring after CAR T administra-
tion are of particular importance, since CRS usually man-
ifests during the first week (peak 1-3 days) and ICANS
is most likely to occur on days 5-8 (our cohort and [21]).
Neurological co-supervision is obligatory and is required
by the manufacturers of CAR T cell products due to the
requirements of regulatory authorities. Before initiating
the therapy, a detailed clinical neurological examina-
tion is recommended to identify possible neurological
symptoms independent of treatment. On the day of the
infusion as well as on the following 10 days, daily clini-
cal examinations should be performed in order to quickly
recognize a potentially fatal neurotoxicity. Especially
in patients with increasing IL-6 serum concentrations,
the MoCA-test is a very sensitive tool to detect incipi-
ent neurotoxicity. In addition, we recommend to per-
form an MRI of the brain prior to therapy and in case of
occurrence of neurological side effects, as well as in the
absence of improvement of side effects due to steroid
therapy, even though in the cases described here the MRI
showed no abnormalities.

The observation that no patient developed higher grade
neurotoxicity in our cohort might be due to the fact that
ICANS was recognized when the first neurological symp-
toms developed and that therapy with dexamethasone
was therefore started relatively early. On the other hand,
the rate of grade 3 and 4 neurotoxicity with tisagenle-
cleucel is comparatively low, even in larger studies [23].
We can only speculate about the low incidence of over-
all neurotoxicity in our cohort. So far, studies have been
published mainly from North America. Patient selection
and differences in potential risk factors might be sug-
gested. The comparison of the different patient groups
should be subject of further research.

The main limitation of the study is that the small
cohort size naturally limits comparability with larger
studies such as the pivotal study for tisagenlecleucel,
JULIET. Concluding causal relationships is problematic
given the small number of patients. In addition, only
patients treated with tisagenlecleucel were included.
Axicabtagene ciloleucel (axi-cel), which showed a higher
neurotoxicity rate in the pivotal study, was not used here.
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Nevertheless, this work emphasizes the importance of
thorough neurological monitoring and suggests resorting
to the more sensitive MoCA-test, particularly in patients
with rapid IL-6 increases.

Conclusions

In conclusion, the incidence of ICANS was low in our
local German cohort and occurred in only every fifth
patient. Furthermore, only low-grade neurotoxicity was
found during daily examination. Whether the rate of
patients with neurotoxicity was so low because symp-
toms were recognized and treated early or because neu-
rotoxicity is quite rare in tisagenlecleucel patients anyway
remains an open question. We conclude that a structured
neurological baseline examination and close neurological
monitoring is of great importance when using CAR T cell
products. Neurological side effects can have potentially
fatal consequences and should be detected and treated as
early as possible.
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