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Case Report: Safety analysis of
blinatumomab consolidation
therapy in two cases of acute
B-cell lymphoblastic leukemia
In complete remission
complicated with immune
effector cell-associated
neurotoxicity syndrome

Yixuan Ma', Luyang Chang', Ruihua Mi, Lin Wang, Lin Chen
and Xudong Wei*

Department of Hematology, The Affiliated Cancer Hospital of Zhengzhou University & Henan Cancer
Hospital, Zhengzhou, China

Background: Blinatumomab, a bispecific T-cell engager (BiTE), has significantly
improved the efficacy of B-ALL treatment. However, its association with immune
effector cell-associated neurotoxicity syndrome (ICANS) has garnered increasing
attention. This study analyzes two cases of ICANS to explore the challenges in
recognizing clinical symptoms and standardizing management.

Case presentation: Case 1 involved a 69-year-old male with B-ALL, harboring TP53
and DNMT3A mutations, who developed grade 2 ICANS following blinatumomab
treatment. Therapy was continued without interruption, and symptoms resolved with
levetiracetam intervention. Case 2 was a 29-year-old male with B-ALL and ETV6::
RUNX1 fusion gene, who developed grade 4 ICANS (seizures, impaired consciousness,
epileptic episodes) on day 4 of blinatumomab therapy. The patient required intensive
care and comprehensive intervention, leading to symptom resolution but
discontinuation of treatment. Neither case exhibited central nervous system
infiltration, and cranial CT scans showed no abnormalities.

Discussion and conclusion: ICANS may be associated with cytokine release,
blood-brain barrier disruption, and genetic background, presenting with
heterogeneous symptoms. Elderly patients or those with specific genetic
mutations may face increased risks, necessitating individualized dose
adjustments (e.g., stepwise dosing) and close monitoring of neurological
functions and cytokines (e.g., IL-6). Early recognition of subtle symptoms (e.g.,
tremors) combined with corticosteroids and antiepileptic drugs can improve
outcomes. The use of blinatumomab requires careful balancing of efficacy and
neurotoxicity, particularly in high-risk patients. This case report provides valuable
insights for the clinical recognition and management of ICANS.
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1 Introduction

In recent years, significant progress has been made in the
treatment of adult B-acute lymphoblastic leukemia (B-ALL), owing
to a deeper understanding of disease biology, innovations in minimal
residual disease (MRD) quantification techniques, refinements in
pediatric-inspired chemotherapy regimens, and the introduction of
novel immune-targeted agents. Among these, blinatumomab stands
out as the most representative immunotherapeutic drug, having
demonstrated encouraging efficacy outcomes in patients with
relapsed/refractory disease and those with MRD-positive or MRD-
negative status. It has been widely adopted in clinical practice globally
and is recommended by authoritative guidelines.

Blinatumomab is a novel bispecific T-cell engager (BiTE) that
targets CD19 on B-cells and CD3 on T-cells (1, 2). It facilitates direct
contact between T-cells and tumor cells, thereby activating the cytotoxic
potential of T-cells (3). Furthermore, blinatumomab triggers intrinsic
T-cell signaling, leading to the expression of key activation markers such
as CD69 and CD25, upregulation of the adhesion molecule CD2, and
transient release of inflammatory cytokines. These events collectively
result in comprehensive T-cell activation and proliferation, ultimately
leading to tumor cell destruction (3).

However, with increasing clinical use in China, reports of
immune effector cell-associated adverse reactions have gradually
emerged, among which Immune Effector Cell-Associated
Neurotoxicity Syndrome (ICANS) has become a significant
concern. ICANS is a neurological side effect associated with
immunotherapy, with symptoms including headache, confusion,
hallucinations, tremors, ataxia, aphasia, behavioral changes, visual
or auditory hallucinations, motor dysfunction, seizures, cerebral
edema, and even death (4, 5). Its pathogenesis is not fully
understood, though previous studies suggest that endothelial
activation, induced either by treatment or the disease itself,
disrupts the blood-brain barrier. Activated T-cells stimulated by
blinatumomab release large quantities of cytokines (e.g., IL-6, IFN-
), which cross the compromised blood-brain barrier and trigger
central nervous system inflammation. This inflammatory cascade
alters cortical and subcortical brain function, leading to diffuse
cerebral edema (6). The occurrence of ICANS not only affects
patients’ quality of life but may also necessitate treatment
interruption, thereby impacting overall therapeutic progress and
outcomes. Thus, timely recognition and management of this
neurotoxicity syndrome are crucial.

This study aims to provide a detailed report of two cases of
ICANS, combined with a review of existing literature, to enhance
clinical awareness of this adverse reaction and facilitate early
identification and effective management.

2 Case presentation

2.1Casel

A 69-year-old male was diagnosed with acute lymphoblastic
leukemia (B-cell type). His medical history included postoperative
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pituitary adenoma and hypothyroidism. He received chemotherapy
with rituximab combined with the Hyper-CVAD (A) regimen and
achieved complete remission (CR). From November 2022 to
December 2023, he underwent multiple cycles of consolidation
therapy. In February 2024, disease relapse was confirmed via bone
marrow smear, which revealed 78% blasts and immature
lymphocytes. Flow cytometry detected 11.32% abnormal
immature B lymphocytes expressing CD34, CD10, CD22 (92.67%
positivity), CD38, HLA-DR, cCD79a, CD123, and ¢TDT, with weak
expression of CD19 and CD20. Chromosome analysis showed
an abnormal karyotype with poor morphology: 47, XY, +Y[3]/36,
X, -Y, -2, -7, -7, -12, -13, -15, -16, -17, -20[cp2]/46, XY[5], and
fluorescence in situ hybridization (FISH) was negative for the BCR::
ABLI fusion gene (Philadelphia chromosome-negative). RNA
sequencing identified mutations in TP53 c.G818A, WTI
¢.C1387T, and DNMT3A c.C1903T.

In March 2024, he received one cycle of inotuzumab
ozogamicin and achieved remission again. In June 2024, he
received another cycle of inotuzumab ozogamicin as
consolidation therapy. During this period, lumbar puncture and
intrathecal chemotherapy were performed, with no abnormal cells
detected in the cerebrospinal fluid. From July to October 2024, he
received three cycles of blinatumomab treatment (first cycle: dose
gradually increased to 28 ug/day for 27 days; second cycle: 28 g/
day for 15 days; third cycle: 28 pg/day for 11 days). On the first day
of the third cycle, the patient developed transient hand and foot
tremors and mild drowsiness but could be awakened softly. Cranial
CT showed no structural abnormalities. Based on ASTCT
consensus criteria, he was diagnosed with grade 2 ICANS.
Symptoms resolved after treatment with oral levetiracetam 500
mg twice daily. Blinatumomab was not discontinued, and the
patient did not develop fever, generalized seizures, or severe
impaired consciousness. Currently, the patient remains in
complete remission with minimal residual disease (MRD)-
negative status and continues to receive blinatumomab as
maintenance therapy.

2.2 Case 2

A 29-year-old male was diagnosed with acute lymphoblastic
leukemia (B-cell type) with ETV6::RUNX1 fusion gene, the patient
did not harbor the BCR::ABLI fusion gene. In August 2023, he began
chemotherapy with the VDCLP regimen and achieved complete
remission after one cycle. From September to November 2023, he
received three cycles of consolidation chemotherapy, followed by one
cycle of blinatumomab treatment in November 2023. During this
period, the patient experienced mild upper limb tremors, which
resolved spontaneously. From January to May 2024, he received
multiple cycles of consolidation chemotherapy. Repeated lumbar
punctures and intrathecal chemotherapy were performed, with no
abnormal cells detected in the cerebrospinal fluid. In July 2024, he
was admitted to our hospital for evaluation. The primary disease
remained in complete remission with minimal residual disease
(MRD)-negative status. Blinatumomab treatment was initiated at
28 ug/day without dose escalation. On the fourth day of treatment, he
suddenly developed convulsions in the limbs and head, upward
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deviation of the eyes, epileptic seizures, and loss of consciousness,
accompanied by hypernatremia (149 mmol/L) and elevated
myoglobin (221.4 ng/mL). Cranial CT showed no structural
abnormalities. Based on ASTCT consensus criteria, he was
diagnosed with grade 4 ICANS. Blinatumomab was immediately
discontinued, and the patient received intravenous dexamethasone
(10 mg every 6 hours for 5 days, followed by a rapid taper) for anti-
inflammatory purposes, levetiracetam (500 mg twice daily) for
seizure control, and diazepam for sedation. Tocilizumab was not
administered because the patient did not exhibit symptoms of
concurrent severe CRS, and guidelines suggest limited benefit of
tocilizumab for isolated ICANS (7). After symptom control, the
patient developed agitation, confusion, cognitive decline, and
dysuria, necessitating transfer to the intensive care unit. His ICANS
symptoms resolved after treatment with sedation, antiepileptic drugs,
anti-inflammatory agents, and electrolyte adjustment. On the fifth
day of treatment (within 24 hours of ICANS onset), laboratory tests
revealed serum IL-6 at 5.77 pg/mL, IFN-y at 4.17 pg/mL, and ferritin
at 681.00 ng/mL. These relatively modest elevations, despite the
clinical severity of ICANS, suggest that the neurotoxicity may
involve localized blood-brain barrier disruption or focal
neuroinflammation rather than a systemic cytokine storm Lumbar
puncture and intrathecal chemotherapy were performed, with no
abnormal cells detected in the cerebrospinal fluid. Due to the severe
adverse reaction, blinatumomab was not resumed.

3 Discussion

As the only commercially available bispecific T-cell engager in
the field of B-cell acute lymphoblastic leukemia (B-ALL),
blinatumomab has been demonstrated in multiple clinical studies
to provide significant survival benefits and manageable safety for
patients with B-ALL, profoundly altering the treatment landscape
for relapsed/refractory (R/R) and minimal residual disease (MRD)-
positive B-ALL (8). With the expanding clinical research, approved
indications, and increased clinical application of blinatumomab, the
issue of immune effector cell-associated neurotoxicity syndrome
(ICANS) induced by this agent has become increasingly prominent.
Previously considered part of cytokine release syndrome (CRS),
neurotoxicity is now recognized as a distinct entity due to its unique
temporal pattern and response to interventions (9). Lee et al.
proposed defining ICANS as a disorder involving the central
nervous system following any immunotherapy, resulting from the
activation and involvement of endogenous or infused T cells and/or
other immune effector cells (10). Symptoms and signs are
progressive and may include aphasia, altered consciousness,
cognitive impairment, motor weakness, seizures, and cerebral
edema. ICANS applies to any therapy involving immune effector
cells, not limited to CAR-T cells. Thus, with the increasing clinical
use of blinatumomab, ICANS, due to its complex and insidious
symptoms and frequent co-occurrence with CRS, has become an
easily overlooked yet critical safety concern in clinical practice.

In real-world studies, the incidence of grade >3 ICANS is 7%, with a
median time of onset at day 9 after the initiation of infusion, most
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neurological events resolve spontaneously (8). ICANS may occur
concurrently with CRS or shortly after its resolution. It is typically
self-limiting, with symptoms lasting 5 to 17 days (4, 5). For grade 2 or
higher ICANS, dexamethasone 10 mg every 6 to 12 hours is
recommended, followed by a taper over 2 to 5 days. In patients at
high risk of seizures, levetiracetam 500 mg twice daily is advised for
prophylaxis. If clinical seizures occur, antiepileptic drugs should be
adjusted to therapeutic doses (3). In contrast, CD19-targeted CAR-T
therapy has been associated with a 26%-36% incidence of grade >3
ICANS in a meta-analysis, and ICANS is one of the leading causes of
CAR-T-related mortality, accounting for 15.1% of cases (11). Therefore,
accurate assessment and timely management of ICANS in clinical
practice can mitigate adverse events associated with immunotherapy,
thereby maximizing its clinical benefits while ensuring safety.

The two cases of ICANS we reported occurred during complete
remission (CR) of the primary disease. Case 1 involved an elderly
patient receiving blinatumomab who developed grade 2 ICANS
despite a low tumor burden (MRD 0.18%). While advanced age is
often clinically perceived as a potential risk factor due to decreased
neurological reserve, the specific impact of age on blinatumomab-
related ICANS remains controversial (6). Indeed, the TOWER
study reported a lower incidence of severe ICANS in elderly
patients compared to younger cohorts, while another study
showed no significant difference in severe ICANS incidence
between those aged 65 and older versus other age groups (2, 12).
This discrepancy might be explained by more proactive preventive
measures or vigilant dose-escalation strategies typically employed in
older populations. Our observation in Case 1 underscores that while
age itself may not statistically increase the incidence of high-grade
ICANS, individualized monitoring remains paramount for elderly
patients to prevent symptom escalation. Notably, Case 1
experienced a ICANS episode on day 42, representing a
substantially delayed and atypical temporal pattern compared to
the standard onset reported in TOWER trials (2). This delayed
presentation may be attributed to cumulative drug exposure across
multiple cycles or heightened individual immune response
variability. Furthermore, concurrent subtle factors, such as minor
metabolic fluctuations or subclinical infections, might have lowered
the neurological threshold. This case highlights the importance of
sustained, long-term neurological surveillance even beyond the
initial high-risk period of the first cycle. Additionally, the
concurrent presence of TP53 and DNMT3A mutations raises a
hypothetical possibility of a genetic predisposition to neurotoxicity.
However, it must be emphasized that direct clinical evidence linking
these specific mutations to ICANS risk is currently lacking, and this
remains an area for future systematic investigation. Tremors, as an
atypical manifestation of ICANS, can easily be overlooked and
require early identification through electroencephalography and
cytokine monitoring. The TOWER study showed a lower
incidence of ICANS in elderly patients (9.4% vs. 1.8%), but with
milder symptoms, indicating possible differences in dose tolerance
(2). Case 1 exhibited low CDI19 expression at relapse. Although
blinatumomab may still hold therapeutic value for patients with
partial or low CDI19 expression, reduced antigen density could
diminish efficacy and increase the risk of clonal evolution or antigen
loss (13, 14). Therefore, during ongoing maintenance therapy,
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clinicians must strictly and frequently monitor CD19 expression
levels and MRD to detect signs of immune escape early and adjust
treatment strategies in a timely manner.

In Case 2, a young patient presented mild upper limb tremors
during the first cycle of blinatumomab treatment but progressed typical
ICANS symptoms (seizures, impaired consciousness, etc.) during the
second exposure. This progression suggests that the severity of
neurotoxicity may correlate with the intensity of the individual
immune response. Furthermore, it is essential to consider differential
diagnoses for the neurological events in Case 2. While hypernatremia
(149 mmol/L) and elevated myoglobin could potentially exacerbate
seizure activity or reflect metabolic encephalopathy (15, 16), the
diagnosis of ICANS was based on the close temporal correlation with
blinatumomab infusion and the resolution of symptoms following
standard ICANS management. The myoglobin elevation was likely
secondary to the generalized convulsions (15). This suggests that when
ICANS occurs outside the typical timeframe, a more comprehensive
etiological evaluation is necessary to identify and address all potential
aggravating factors (17). It could also be speculated whether the ETV6::
RUNZX1 fusion gene influences the immune microenvironment in the
central nervous system, potentially contributing to the severity of
ICANS. Currently, there is no established evidence to support
enhanced CNS penetration of blinatumomab in the presence of this
fusion gene, and the causal relationship remains speculative.

These two cases highlight the heterogeneity of ICANS, where
initial mild neurological adverse reactions may be overlooked but
can later manifest as more severe ICANS. Early recognition of these
neurological symptoms and timely adjustment of treatment
strategies are essential. Corticosteroids, tocilizumab, and
antiepileptic drugs are effective interventions for managing
ICANS. Moreover, in case 1, symptoms resolved after treatment
with oral levetiracetam 500 mg twice daily. Although this
management deviates from the ASTCT guidelines, which
recommend dexamethasone for grade 2 or higher ICANS, the
patient’s symptoms were mild and rapidly controlled (6, 7). This
suggests that while individualized management may be sufficient in
select mild cases, strict adherence to corticosteroid protocols is
generally prioritized to prevent progression. This case highlights the
importance of balancing clinical judgment with standardized
guidelines under close neurological surveillance.

In summary, blinatumomab demonstrates remarkable efficacy in
the treatment of B-ALL, but ICANS remains a significant
complication, presenting as a spectrum of neurotoxicities ranging
from mild tremors to seizures and even death. The underlying
mechanisms involve cytokine storms and blood-brain barrier
disruption, necessitating management tailored to individual patient
characteristics. Patients with high tumor burden or specific genetic
mutations should receive full-dose blinatumomab with caution, and
dose escalation should be prioritized. Close monitoring of cytokines
(e.g., IL-6) and neurological function during treatment is essential for
early intervention. Through these measures, the efficacy and safety of
blinatumomab can be optimally balanced, providing patients with
improved treatment options. Through in-depth analysis of these two
cases, we aim to elucidate the clinical features and treatment
correlations of ICANS, offer insights for clinicians, and discuss
considerations for future blinatumomab therapy.
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