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Dear Editor,
Chimeric antigen receptor (CAR) T-cell therapy is a novel

adoptive immunotherapy that has progressively improved
the standard of care for hematological cancer, especially non-
Hodgkin Lymphoma. Nonetheless, its efficacy is burdened by
substantial rates of novel systemic and neurological toxicities,
namely cytokine release syndrome (CRS) and immune effector
cell-associated neurotoxicity syndrome (ICANS).1 CRS is a
cytokine storm disorder that usually presents with fever, hypoxia,
and arterial hypotension and may evolve into multi-organ failure.1

ICANS is a cytokine-driven neuroinflammatory syndrome that
may present with a wide range of neurological manifestations,
including encephalopathy, frontal lobe dysfunction, dysgraphia,
headache, tremors, and expressive aphasia.2–4 While some ICANS
patients experience mild symptoms with spontaneous recovery, a
subgroup may progress to akinetic mutism, seizure, coma, and
diffuse cerebral edema, with a potentially fatal outcome.1 Notably,
up to 10% of patients may exhibit seizures or non-convulsive status
epilepticus,5 but frontal lobe status epilepticus related to CAR
T-cells has never been reported.

A 31-year-old female with a one-year history of refractory
primary mediastinal B-cell lymphoma was referred to our center as
a candidate for CAR T-cell treatment. A comprehensive screening
assessment (including neurological examination and contrast brain
MRI) excluded lymphomatous central nervous system involvement
and other potential contraindications. She received two cycles of
pembrolizumab (200 mg spaced two weeks apart) as bridging
therapy, and a subsequent PET scan showed stable oncological
disease. One month later, she received axicabtagene ciloleucel
(anti-CD19 CAR T-cells), preceded by lymphodepleting chemo-
therapy according to the standard conditioning with fludarabine
(30 mg/m2 once daily for three days) and cyclophosphamide
(500 mg/m2 honce daily for three days (Figure 1). Two days after
CAR T-cells infusion, she developed persistent grade 1 CRS
responsive to two tocilizumab cycles (8 mg/kg). On the fifth day,
she exhibited an irregular bilateral postural myoclonic tremor and
an expressive language disturbance consistent with anomic aphasia

(ICANS grade 2). Her neurological status rapidly evolved into
global aphasia accompanied by verbal and motor perseveration
(ICANS grade 3). She was promptly transferred to the intensive
care unit and treated with high-dose steroids (1 g daily) and anti-
seizure medication (levetiracetam 2 g daily). Blood tests showed
only a relatively slight increase of systemic inflammatory markers:
interleukin-6 275 pg/mL (n.v. <6.4), ferritin 153 mg/mL (n.v
<306.8), C-reactive protein 1.09 mg/dL (n.v.<0.50), yet peripheral
CAR T-cells expansion was observed (300 cells/microL). Contrast
brain MRI and CSF analysis (including extensive microbiological
tests) were unremarkable.

Conversely, continuous electroencephalography (cEEG) revealed
a continuous, generalized, frontally predominant, rhythmic delta
activity with superimposed sharp waves and evolving morphological
changes consistent with non-convulsive status epilepticus (ICANS
grade 4) (Figure 2A). Despite increasing levetiracetam dosage
(3 g/daily) and administration of lacosamide (400 mg/daily), we
obtained no significant improvement in cEEG. Therefore, propofol
was rapidly titrated up to 24 cc/h to achieve a Burst-Suppression
pattern. Concomitantly, in consideration of steroid-refractory
neurotoxicity, high-dose anakinra (100 mg q6h) was started.
The following day, the anesthetics dosage was slowly halved, yet
continuous epileptiform discharges reappeared and the patient was
diagnosed with super-refractory status epilepticus. Valproic acid
(800 mg/daily) was added as a third ASM, and propofol was
replaced by ketamine (up to 8 mg/kg/h) and midazolam (up to
1.2 mg/kg/h) until a Burst-Suppression pattern was reobtained.
After a few days, a dramatic electroclinical response was observed.
Indeed, no epileptiform discharges were detected during rapid
weaning of anesthetics, allowing complete suspension within
48 hours. Notably, frontal intermittent rhythmic delta activity
(FIRDA) during anesthetics weaning was observed (Figure 2B).
Thereafter, neurological examination was unremarkable, except
for selective amnesia of the neurotoxicity days and a moderate
length-dependent quadriparesis consistent with critical illness
neuropathy. Brain MRI and EEG follow-up showed no abnor-
malities, and ASMs were slowly titrated to a single ASM. No new
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Figure 2: Eight-channel continuous EEG recording via subdermal needle electrode recordings. A shows a continuous, generalized, frontally predominant, rhythmic delta activity
pattern at about 2–3 Hz with superimposed sharp waves and evolvingmorphology changes consistent with electrographic status epilepticus (dayþ 9). Sensitivity: 14microv/mm.
Epoch 20 s. B shows frontal intermittent rhythmic delta activity (FIRDA) alternating with iatrogenic beta activity (dayþ 15). Sensitivity: 10microv/mm. Epoch: 20 s.

Figure 1: Disease course. Clinical manifestations of neurotoxicity, CRS grading, and serum CAR T-cells levels, along with immunotherapy and diagnostic investigation timing, are
illustrated. CRS: cytokine release syndrome. ICANS: immune effector cell-associated neurotoxicity syndrome. CSF: cerebrospinal fluid.
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neurological manifestations were experienced by the patient and
her motor function slowly improved. The patient was discharged
home one month after the CAR T-cells infusion. At the 2-month
follow-up, a PET scan documented a complete remission of the
underlying hematological disease. At the same time, the
comprehensive neurological assessment (neurological examina-
tion, EEG, and contrast brain MRI) did not reveal any neurological
sequelae.

We described a novel case of frontal lobe status epilepticus
related to CAR T-cell therapy, which initially presented with
an expressive language disturbance that rapidly progressed to
global aphasia and perseveration.1 Unfortunately, EEG was not
recorded at disease onset, yet we can speculate that she presented
with aphasic status or that her neurological manifestations rapidly
evolved into an epileptic disorder. Interestingly, EEG findings
revealed bilateral frontal epileptiform discharges despite the absence
of MRI abnormalities, supporting a functional, rather than
structural, frontal lobe disorder. Yet, the sparse spatial sampling
of the subdermal electrode array limited, to some extent, the
topographical interpretation of the EEG. Notably, a clinical frontal
lobe dysfunction has been recurrently observed in ICANS, arguably
reflecting an intrinsic vulnerability of frontal lobes to cytokine-
mediated neuroinflammation.2,4 The findings from our patient’s
investigations provide valuable insight into the potential epileptic
origin of previously reported frontal lobe dysfunction ICANS cases.

Further corroborating the frontal lobe involvement, after the
resolution of status epilepticus, our patient displayed frontal
intermittent rhythmic delta activity (FIRDA), a non-epileptic
electrographic pattern revealing a frontal predominant brain
dysfunction. Specifically, it underlines a structural or functional,
subcortical gray matter dysfunction involving the thalamocortical
network.6 Notably, this pattern has been reported to be very
sensitive for ICANS, yet whether it reflects a persistent frontal
subcortical dysfunction or a post-ictal phenomenon in these
patients remains unexplained so far.7 It is possible that ICANS
presents with a frontal electroclinical spectrum8 where frontal lobe
status epilepticus represent the extreme end, whereas isolated
FIRDA is the most common presentation. Our patient’s electro-
clinical status dramatically ameliorated a few days following
anakinra. This drug has recently proven efficacy and safety in high-
dose (up to 400mg/day) in steroid-refractory ICANS.9 Notably,
administration of anakinra has been associated with improvement
in patients with febrile infectious-related epileptic syndrome, a
cytokine-driven prolonged status epilepticus, as well as in patients
with drug-resistant epilepsy.10 This suggests that anakinra potentially
had both disease-modifying and symptomatic (anti-convulsant)
properties; hence, combinedwith symptomatic treatment (anesthetics
and ASMs), it might be of utmost importance in neuroinflammatory-
driven status epilepticus.

At the 2-month follow-up, she had a complete oncological
response without any neurological sequelae. The latter data is
consistent with recent evidence of long-term safety following
ICANS.2 We hypothesize that bridging therapy with an immune
checkpoint inhibitor (ICI) may have contributed to toxicity
development and anti-tumor efficacy, Indeed, recent evidence
suggests that these drugs may increase CAR T-cell therapy efficacy
and toxicity rate by restraining physiological T-cell exhaustion.11

It is very unlikely that primary ICI-related neurotoxicity was

responsible for the neurological condition in our patient. Indeed,
the timing of presentation and evolution of the neurotoxicity,
as well as the clinical and EEG features are more consistent with
ICANS.1,12

In conclusion, CAR T-cell therapy-related neurotoxicity can
present with frontal lobe status epilepticus. In such cases,
aggressive immunotherapy should be advocated to manage
neurotoxicity manifestations since ICANS is a life-threatening
condition, yet with a potential complete neurological recovery.
Further studies should determine whether aggressive immuno-
suppression impacts the hematological prognosis.
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