
Abstract. Background/Aim: Chimeric antigen receptor (CAR)
T-cell therapy has revolutionized the treatment of various B-cell
malignancies. However, it can cause serious adverse effects like
immune effector cell-associated neurotoxicity syndrome
(ICANS).  ICANS is attributed to disruption of the blood-brain
barrier due to inflammatory cytokines and increased levels of
immune effector cells (IECs) in the cerebrospinal fluid (CSF).
Corticosteroids and supportive management are the mainstays
of ICANS treatment. However, no guidelines exist for the
treatment of steroid-refractory ICANS. Some reports have
shown favorable outcomes with no long-term complications in
patients with steroid-refractory ICANS treated with intrathecal
(IT) chemotherapy. Case Report: We describe the outcomes of
two patients with steroid-refractory ICANS treated with IT
chemotherapy. Both patients had refractory large B-cell
lymphoma and were not candidates for autologous transplant.
They developed steroid-refractory ICANS after CAR T-cell
infusion. IT chemotherapy with 12 mg methotrexate and 50 mg
hydrocortisone resulted in prompt neurological improvement in
both patients. One of them passed away due to multiple other
comorbidities, and the other patient continues to do well
without any complications. Conclusion: IT chemotherapy could
be considered as a potential approach for the management of
steroid-refractory ICANS based on our experience. Prospective
studies are needed to validate this approach.

Chimeric antigen receptor (CAR) T-cell therapy is a novel
therapeutic modality that uses genetically modified T cells
to target tumor cells. CAR T-cells get activated after binding
to a specific antigen on tumor cells to proliferate, secrete
cytokines and kill the targeted cancer cells (1). CD-19
targeting CAR T-cells (tisagenlecleucel/tisa-cel and
axicabtagene cilileucel/axi-cel) are approved to treat relapsed
or refractory (R/R) B cell acute lymphoblastic leukemia (B-
ALL) and large B cell lymphomas (2-3). 

CAR T-cell therapy has revolutionized the treatment of
hematologic malignancies. However, it is associated with
adverse events like cytokine release syndrome (CRS) and
immune effector cell-associated neurotoxicity (ICANS).
CRS is caused by the systemic release of inflammatory
cytokines through activated lymphocytes and myeloid cells,
which can result in a clinical syndrome consisting of fever,
hypotension, and widespread organ dysfunction (4). ICANS
may occur with or without CRS, and onset is variable
ranging from days to weeks after cell infusion. Its
presentation is diverse, ranging from encephalopathy (most
common), focal weakness/numbness to tremors, seizures,
and cerebral edema. 

Management of CRS and ICANS depends on the
severity of the toxicity, with supportive care,
corticosteroids, and IL-6-directed therapy (tocilizumab)
being the mainstay of treatment (5). Tocilizumab was
approved by FDA in August 2017 for the treatment of CRS
as a first-line pharmacotherapy (6). However, it is unclear
if it helps treat ICANS without CRS. Corticosteroids are
indicated for neurological toxicity, including ICANS and
CRS refractory to tocilizumab (5). However, there is only
a little information available to guide the treatment of
patients with steroid-refractory ICANS (7). A few reports
have demonstrated favorable outcomes with no long-term
complications in patients with steroid refractory ICANS
treated with the novel approach of intrathecal (IT)
chemotherapy to target IECs implicated in neurotoxicity
(8-9).
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Here, we report the outcomes of two cases of refractory
DLBCL who developed steroid-refractory ICANS after
receiving CAR T-cell therapy and were treated with
intrathecal (IT) chemotherapy. 

Case 1

Our first patient is a 66-year-old male with stage III R/R
DLBCL (non-germinal center subtype), positive for c-myc,
BCL2 and BCL6 rearrangements. He had received three lines
of treatment and was not a candidate for an autologous
transplant. Due to his progressive disease, he was treated with
CAR T-cell therapy (axi-cel). On day 2 post-infusion, he
developed a fever of 39.4˚C and hypoxia needing 2 l of
oxygen (grade 2 CRS based on ASTCT consensus grading of
CRS) along with disorientation to time and difficulty counting
100 backward by 10 (grade 1 ICANS based on ASTCT
consensus grading of ICANS for adults). He was treated with
tocilizumab and dexamethasone, to which he initially
responded well. However, while being tapered on
dexamethasone, he developed persistent fevers despite
antipyretics, worsening hypoxia needing 6l of oxygen (grade
3 CRS), and worsening orientation (grade 3 ICANS) on day
5. A workup with MRI Brain was unremarkable for acute
abnormality, and an EEG was negative for seizure activity. On
day 7, a lumbar puncture (LP) was performed, which showed
an opening pressure of 32 cm water (H2O) along with 12
lymphocytes. Treatment with IV solumedrol was initiated, and
tocilizumab was resumed. Symptoms of CRS improved,
whereas ICANS progressed to grade 4. Due to his worsening
mental status, he was intubated on day 8. Given refractory
ICANS, intrathecal chemotherapy with methotrexate 12 mg
and hydrocortisone 50 mg was administered on day 9. The
patient’s mental status improved on day 12, and ICANS
improved to grade 1. He was weaned off the ventilator and
extubated on day 13. The patient showed disease response,
however, he had a lengthy hospital stay due to deconditioning
and vocal cord paralysis, secondary to prolonged intubation.
He was eventually discharged, however, he passed away due
to his multiple co-morbidities.

Case 2

Our second patient is a 69-year-old female with stage IV
DLBCL (non-germinal-center subtype) with leptomeningeal
involvement. FISH for c-myc, BCL2, and BCL6
rearrangement was negative. She had disease progression after
three lines of treatment. She was not a candidate for an
autologous transplant. She was then treated with CAR T-cell
therapy. On day 4 of CAR T-cell (axi-cel) infusion, she
developed a fever of 38.7˚C without other systemic signs
(grade 1 CRS based on ASTCT consensus grading of CRS).
Dexamethasone and tocilizumab were initiated, to which she

initially responded. However, on day 9, she developed
hypotension, fever (grade 2 CRS), tremors, and altered mental
status (grade 3 ICANS based on ASTCT consensus grading of
ICANS for adults). Due to the worsening of CAR T-cell
toxicity, dexamethasone was changed to pulse dose
solumedrol while tocilizumab was continued. A CT scan of
the head did not show any acute intracranial abnormalities and
an EEG was negative for epileptiform activity. An LP was
performed which revealed an opening pressure of 21 cm H2O
and 84 lymphocytes. Eventually, the symptoms of CRS
resolved by day 11; however, encephalopathy worsened, and
she became increasingly somnolent and did not follow
commands. (ICANS grade 4). Due to concerns for steroid-
refractory ICANS, she was treated with 12 mg methotrexate
and 50 mg of hydrocortisone intrathecally. The patient showed
prompt significant neurological improvement a day later and
eventually had resolution of ICANS by day 16. Since her
discharge on day 28, she continues to do well without any
complications. A brain MRI follow-up, after CART-infusion
and intrathecal chemotherapy, showed no new intracranial
enhancement and improvement of prior areas involved (10).  

Discussion

Attempts at engineering CAR T-cells to target tumor antigens
began 30 years ago. Following refinements, current CAR T-
cells targeting CD19 represent a promising approach for
various hematologic malignancies. Despite their careful design,
CAR T-cell therapies are associated with life-threatening
toxicities, including ICANS (11). The mechanism of
development of ICANS remains unclear. It has been attributed
to blood-brain barrier (BBB) dysfunction secondary to elevated
cytokines like IL-6, IL-2, IFN-γ and Granulocyte-monocyte
colony-stimulating factor (GM-CSF) (12). An animal study
showed high levels of CAR T-cells and endogenous T cells in
the brain parenchyma, as well as CSF in rhesus monkeys with
CART associated ICANS (13). However, there is a paucity of
clinical data to affirm a clear relationship between CAR T-cell
counts/white cell counts in CSF and ICANS (14). Another
study by Faulhaber et al. using an immunocompetent mouse
model demonstrated evidence of neurovascular unit injury and
leukocyte plugging of the cerebral vasculature associated with
CD19 CAR T-cell therapy. The underlying mechanism was
thought to be secondary to increased leukocyte-endothelial
adhesion (15). Risk factors for ICANS include antecedent
severe CRS, higher disease burden, CAR T- cell dose and
presence of a pre-existing neurologic disorder. It is also more
common with axi-cel as compared to tisa-cel (7). Both of our
patients were noted to have CRS before developing severe
ICANS and had received axi-cel. 

Corticosteroids such as dexamethasone and methylpredni-
solone, along with supportive management, remain the
mainstay of treatment (14). Tocilizumab has a large molecular
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size and hence does not cross BBB, which is postulated to be
the reason for its ineffectiveness in treating ICANS (5). IL-1
antagonist anakinra, on the other hand, does cross BBB and
has shown promise in preventing ICANS in animal models
(7). In a series by Strati et al., four out of six patients with
R/L large B-cell lymphoma who developed high-grade
ICANS after receiving CAR T-cell therapy experienced
clinical benefits after treatment with anakinra. (16) A
multicenter retrospective study analyzed 26 patients with B-
cell/plasma cell malignancies who developed ICANS/CRS
after CAR T-cell therapy and were given either low-dose or
high dose anakinra after failing steroids/tocilizumab. High
dose anakinra was associated with rapid resolution of
symptoms with a manageable toxicity profile. (17) In another
retrospective single-center experience, 14 patients who
developed steroid/tocilizumab refractory ICANS with or
without CRS after administration of CD19 CAR T-cell
therapy were treated with anakinra. Anakinra was associated
with improvement of clinical and laboratory markers of
inflammation, however, the correlation was more so for CRS
than for neurological toxicity. (18)  Hence, large-scale clinical
studies to establish the efficacy of this option are warranted. 

Steroid-refractory ICANS could be life-threatening and has
no second-line treatment established yet. Here we present a
novel potential approach to managing ICANS refractory to
corticosteroids by using IT corticosteroids in combination with
a cytotoxic agent. This approach has shown promising results
only in a few case reports/series before. In a series, seven
patients with non-Hodgkin lymphoma received anti-CD 19
CAR T-cell therapy and subsequently developed steroid-
refractory ICANS. Treatment with IT chemotherapy (15 mg
methotrexate, 40 mg cytarabine, and 50 mg hydrocortisone)
resulted in a complete response and improvement of ICANS
in five (71%) patients. The median duration of steroid
treatment in these patients was 11 days.  Two patients out of
the seven did not respond (9). Another report of two patients
with chemo-refractory DLBCL who received anti CD-19 CAR
T-therapy demonstrated rapid and sustained response in both
patients after treatment with IT chemotherapy for steroid-
refractory ICANS (8). Recently, a series of patients with R/R
B-cell non-Hodgkin lymphoma with high grade (>3) and
steroid-refractory ICANS reported a difference in outcomes in
those who received early IT therapy with steroids and those
who did not. Out of the total of 15 patients who had high-
grade ICANS, 7 were refractory to steroids and were given
early IT therapy (within 5 days) of developing high grade
ICANS, all these recovered. The estimated 1-year survival
progression free survival (PFS) and overall survival (OS) was
57.1% for this group of patients. Amongst these patients, three
did receive anakinra additionally for steroid-refractory
ICANS, and all of them died of infectious complications
Remaining patients either did not receive IT chemotherapy (7)
or received late IT therapy. Out of these, four patients (50%)

had steroid-refractory ICANS and had 0% progression free
survival and overall survival. The median duration of
corticosteroid usage in patients with steroid-refractory ICANS
receiving IT therapy was 35 days (22-43 days) when
compared to 50 days (23-62) in patients with steroid-refractory
ICANS not receiving IT therapy. This study suggested utility
of IT treatment in high grade steroid-refractory ICANS and as
a possible alternative to systemic immunosuppression which
could help in reducing treatment-related complications and
mortality with CAR T-cell therapy.  (19)

In our report, IT chemotherapy in the form of
methotrexate 12 mg and hydrocortisone 50 mg was given to
our two patients who had developed high grade ICANS after
axi-cel infusion refractory to high dose systemic steroids.
They showed rapid neurological recovery without any
complications attributable to this approach. 

Conclusion

Currently, there are no guidelines available for the treatment of
ICANS refractory to steroid therapy. The outcome of our report
demonstrates a potential approach for the management of
steroid-refractory ICANS with the use of IT chemotherapy.
Early initiation of IT chemotherapy can help in faster
resolution and decrease complications of high-dose systemic
steroids. Larger scale studies are needed to determine the
efficacy of this approach and identify adverse effects.
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