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The Cornell Assessment for Pediatric Delirium (CAPD) was first proposed by the Pediatric
Acute Lung Injury and Sepsis Investigators Network-Stem Cell Transplantation and
Cancer Immunotherapy Subgroup and MD Anderson CARTOX joint working
committees, for detection of immune effector cell associated neurotoxicity (ICANS) in
pediatric patients receiving chimeric antigen receptor (CAR) T-cell therapy. It was
subsequently adopted by the American Society for Transplantation and Cellular
Therapy. The utility of CAPD as a screening tool for early diagnosis of ICANS has not
been fully characterized. We conducted a retrospective study of pediatric and young adult
patients (n=15) receiving standard-of-care CAR T-cell products. Cytokine release
syndrome (CRS) and ICANS occurred in 87% and 40% of patients, respectively.
ICANS was associated with significantly higher peaks of serum ferritin. A change in
CAPD from a prior baseline was noted in 60% of patients with ICANS, 24–72 h prior to
diagnosis of ICANS. The median change from baseline to maximum CAPD score of
patients who developed ICANS versus those who did not was 13 versus 3, respectively
(p=0.0004). Changes in CAPD score from baseline may be the earliest indicator of ICANS
among pediatric and young adult patients which may warrant closer monitoring, with
more frequent CAPD assessments.

Keywords: immune effector cell, immune effector cell neurotoxicity, Cornell Assessment for Pediatric Delirium,
immune effector cell-associated neurotoxicity, delirium
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INTRODUCTION

Advances in cellular and immunotherapies such as chimeric
antigen receptor (CAR) T-cells used in conjunction with
lymphodepleting conditioning regimens are associated with
high response rates in hematologic malignancies. Among
patients with relapsed or refractory acute lymphoblastic
leukemia, overall remission rates of almost 80% at 6 months
and durable remissions up to 24 months have been observed (1).
CARs are synthetic receptors which can be engineered ex-vivo to
human T-cells, reprogramming them to acquire anti-tumor
properties. Anti-CD19 CAR T-cells are genetically programmed
to bind CD19 antigen present on tumor cells in B-cell hematologic
malignancies and induce apoptosis (2). ThreeCART-cell products
have been approved by the Food and Drug Administration (FDA)
in the United States for the treatment of pediatric, adolescent and
young adult patients with relapsed or refractory B-cell ALL and
adults with large B-cell andmantle cell lymphomas. These second-
generation CAR T-cells utilize a CD3z signaling domain with
either a CD28 or 4-1BB (CD137) co-stimulatory domain to
promote T-cell activation and proliferation (3). Binding of CD19
on target tumor cells activates anti-CD19CART-cells independent
of major histocompatibility complex (MHC) with down-stream
intracellular signaling ultimately leading to cytokine secretion,
proliferation, and lytic activity (4).

CAR T-cell therapy may be associated with unique and
potentially life-threatening adverse effects, such as cytokine
release syndrome (CRS) and immune effector cell-associated
neurotoxicity (ICANS) (2, 5, 6). CRS is an acute systemic
inflammatory syndrome that may occur following CAR
infusion. It is characterized by fever, hypoxia and hypotension.
Activated CAR T-cells release pro-inflammatory cytokines
including IL-2, IL-6, and IFNg leading to T lymphocyte,
monocyte and macrophage activation further perpetuating a
supraphysiologic release of IL-1RA, IL-10, IL-6, IL-8, IFNa,
and other cytokines and chemokines (7). ICANS may occur
concomitantly with CRS, following resolution of CRS, or in the
absence of CRS (8). Shalabi et al. have prospectively assessed
neurotoxicity associated with anti-CD22 CART in a phase 1
clinical trial. Their evaluation included lumbar punctures, brain
MRI, cognitive evaluations and a CART specific neurologic
symptom checklist (NSC) that was completed by the caregivers
prior to cell infusion and repeated post-infusion at
approximately day 14 and day 21–28. Significant increase in
neurologic symptoms were observed around the time of CART
expansion with a significant decrease in symptoms at the final
evaluation, consistent with the general reversibility of CART
related neurotoxicity (9). Acute symptoms of ICANS may range
from subtle inattention, dysgraphia, language disturbance,
confusion/altered mental status (AMS), and may progress to
seizures or cerebral edema. Prompt diagnosis and appropriate
management of ICANS remains imperative as it may otherwise
lead to rapid clinical deterioration, warranting acute intervention
(10). The precise underlying pathophysiology of ICANS remains
poorly understood. Autopsy and animal model data suggest this
may be a disorder of the neurovascular unit related to cytokine-
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mediated endothelial activation and compromise of the blood-
brain barrier leading to extravasation of inflammatory cytokines
into cerebrospinal fluid (CSF) and brain parenchyma (11).

Although the acute symptoms of toxicities such as CRS and
ICANS are generally reversible, they are associated with significant
morbidity and up to 47% of patients may require admission to an
intensive care unit (ICU) (12). Joint recommendations from the
Pediatric Acute Lung Injury and Sepsis Investigators (PALISI)
Network-Stem Cell Transplantation and Cancer Immunotherapy
(SCT-CI) Subgroup and MD Anderson CARTOX working
committees were developed to diagnose and manage these
complications in younger patients, improve safety, and
standardize monitoring (10). Subsequently, the American Society
for Transplantation and Cellular Therapy (ASTCT) developed
consensus criteria for diagnosis and grading of CRS and ICANS in
adult and pediatric patients receiving immune effector cell (IEC)
therapies such as CAR T-cells (13). Key elements of the PALISI-
CARTOX joint recommendations were adopted by the ASTCT,
including the use of the Cornell Assessment for Pediatric Delirium
in the assessment of ICANS in pediatric patients (10, 13, 14).

In adults, the 10-point Immune Effector Cell-Associated
Encephalopathy (ICE) score (Supplementary Figure 1) is used
for the grading of ICANS together with other neurologic
domains, such as level of consciousness, motor symptoms,
seizures, and signs of elevated ICP/cerebral edema (13). The
ICE score was adopted by the ASTCT as a modification of the
CARTOX-10 score and consists of assessments regarding
orientation, naming, ability to follow commands, writing and
attention (7, 13). Dysgraphia, in particular, has been noted to be
an early indicator of ICANS in adult patients (7). Although the
10-point ICE screening tool provides a reliable, objective grading
system for adults, the tool is inappropriate for children
particularly for those younger than 12-years of age or among
developmentally delayed patients. The Cornell Assessment of
Pediatric Delirium (CAPD) was developed and validated as a
rapid screening tool for delirium in pediatric intensive care units
(Supplementary Figure 2). The tool has been validated for up to
21 years of age and developmental anchor points may be used to
ensure appropriate assessments (14). Recently, CAPD has been
suggested for potential use in adolescent & young adult patients
up to 25 years of age (15). CAPD is specifically used in lieu of the
ICE score for ICANS assessment in children (13).

To date, the impact of CAPD as a screening tool for early
recognition of ICANS in patients receiving CART therapies has
not been fully described. Although a CAPD score < 9 does not
signify delirium present, we hypothesized that a rise in CAPD
scores in patients from their clinical baseline may be associated
with increased risk for ICANS.
MATERIALS AND METHODS

We conducted a retrospective study of all patients receiving
standard-of-care CAR T-cell products, aged 25 years or younger
treated at the Children’s Cancer Hospital at MDAnderson Cancer
Center, from March 2018 through April 2020. This study was
March 2021 | Volume 11 | Article 634445
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approved by our institutional review board. Data were collected
from electronic medical records. All patients receiving standard of
care CAR T-cell therapies were admitted to our inpatient unit for
lymphodepletion until a minimum of day + 7 following infusion
per our standard guidelines during the study period. Supportive
care and monitoring for development of CRS and ICANS were
performed based on institutional guidelines as previously
described (prior to adoption of ASTCT guidelines) (10).

During phased implementation of ASTCT guidelines, patients
had assessments performed which fulfilled both our pre-existing
institutional and ASTCT guidelines. Therefore, CAPD was
assessed in patients receiving CAR T-cell therapy (up to age 25
years), as was a hand-writing sample when possible (including
patients < 12 years), beginning at admission prior to
lymphodepletion. As CAPD has only been validated in patients
up to 21 years and is recommended by ASTCT for use in patients
younger than 12 years, the CARTOX-10 score was assessed for
patients ≥ 12 years of age, if developmentally appropriate. During
phased implementation of the ASTCT grading, ICE scores
replaced CARTOX-10 assessments. ICE and CARTOX-10 scores
were considered equivalent for the purpose of this study which is
focused on CAPD. Both CAPD and ICE scores, where applicable,
were assessed and recorded at minimum twice per day (beginning
on the day of admission for lymphodepletion) by the patient’s
assigned nurse at each end-of-shift which were reviewed and
confirmed by the treating physician daily.

We retrospectively re-graded patients, where necessary, based
on prior documentation in accordance with current ASTCT age-
appropriate ICANS grading recommendations (Supplementary
Figure 3) (13). There is no Common Terminology Criteria for
Adverse Events Version 5.0 (CTCAE v5) specific for ICANS or
neurotoxicity related to cellular therapy. Generalized CTCAE
neurologic adverse events (AE) were also retrospectively assessed
based on the maximum clinical neurological sign or symptom
documented (16). All neurological data including clinical
presentation, ICANS scoring, electroencephalography (EEG),
CSF and magnetic resonance imaging (MRI) data were
reviewed by a board-certified neurologist while the MRI also
reviewed by a board-certified neuroradiologist. All patients were
started on levetiracetam for anti-epileptic prophylaxis beginning
after admission prior to cell infusion and continued for a
minimum of 30 days after cell infusion.

In this study, a patient’s baseline CAPD score is defined as the
mean of the first 2 CAPD scores in the first 24 h of admission for
lymphodepletion prior to CAR T-cell infusion. Delta CAPD is
defined as the change from this baseline to maximum CAPD
score. Descriptive statistics were used to summarize the
demographics of this retrospective sample. Two tailed, two
samples equal variance t-tests were used to compare the
differences in delta CAPD scores and serum biomarkers.
RESULTS

Demographics
Demographics are summarized in Table 1. A total of 15 patients
received standard of care CAR T-cell therapy during the study
Frontiers in Oncology | www.frontiersin.org 3
period. Underlying diagnosis was pre-B cell ALL in the majority
(n=14) of patients (received tisagenlecleucel) and primary
mediast inal large B cel l lymphoma (n=1; received
axicabtagene ciloleucel).

CRS/ICANS
Cytokine release syndrome (CRS), median CRS grade 2 (range
1–4), was observed in 13 of 15 (87%) patients with onset at a
median of 6 days post CAR T-cell infusion (range 2–11).
Immune effector cell-associated neurotoxicity syndrome
(ICANS), median ICANS grade 3 (range 2–3), occurred in six
of 15 (40%) patients with onset at a median of 8 days post CAR
T-cell infusion (range 5–12 days). All cases of ICANS occurred
concurrently with CRS at a median time of 2 days following
onset of CRS (range 0–10 days). No patients developed late onset
or recurrent ICANS. No significant differences in age (p=0.7),
gender (p=0.6), product type (p=0.4), or presence of CNS disease
(p=0.32) between patients who developed ICANS and those who
did not were detected.

CAPD and ICANS Screening
Baseline CAPD was assessed in all patients and serial CAPD
assessments were available for 14 patients. One patient over 21
years of age, had serial ICE but did not have consistent CAPD
assessments performed. The CARTOX-10/ICE score was
calculated for patients ≥ 12 years of age if developmentally
appropriate (n=11). Baseline CAPD scores ranged between 0
and 2 for most patients (n=14); a patient with Trisomy 21 had
baseline CAPD score ranging from 2 to 4. No change in baseline
CAPD was detected within 48 h of starting levetiracetam for any
patient in our cohort. As expected, we observed a wider variation
in CAPD score from baseline (delta CAPD) in patients who
developed ICANS than those who did not. The median change
from baseline to maximum CAPD of patients who developed
ICANS versus those who did not was 13 (n=5, range 4–16) versus
3 (n=9, range 1–4), respectively (p=0.0004). Among evaluable
patients who developed ICANS, the median peak CAPD score at
diagnosis was 14 (n=5, range 5–16). All patients >18 years old
with ICANS (n=4) had baseline ICE scores of 10 and median ICE
score of 1 (range 0–3) at the time of diagnosis of ICANS.

In the five patients that developed ICANS with CAPD scores
available for assessment, three developed changes in CAPD
scores above their baseline, a minimum of 24 h prior to
ICANS diagnosis (range 24–72 h), with a mean rise in CAPD
score by seven points (range 3–10) 24 h prior to diagnosis. Two
of these patients (Table 1, Patients 2 and 6) had an initial
increase in CAPD > 9, with delirium that was initially
attributed to causes other than ICANS (pain medication). Both
later developed ICANS with further increase in CAPD scores and
other overt manifestations of ICANS. The remaining patients
(n=2) had simultaneous occurrence of first CAPD change above
baseline, maximum CAPD, and diagnosis of ICANS. For the
patients under 12 years of age (n=3), two developed ICANS and
both showed an initial change above baseline 72 h and 48 h prior
to ICANS diagnosis, respectively (Figure 1).

Two out of six patients developed aphasia at time of ICANS
and all six patients had altered mental status or decreased level of
March 2021 | Volume 11 | Article 634445
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TABLE 1 | Patient demographics and details of toxicities including CRS and ICANS.

ICANS Onset
from Infusion
& Treatment

Baseline
CAPD

First
Increase

CAPD prior
to ICANS

Max.CAPD
prior to
ICANS

Max.
CAPD

Min.
ICE

CTCAE
V5

Neurotoxicity

ICANS
Duration

9 days;
dexamethasone

0 48 h 4 N/A 3 Grade 2:
Moderate
disorientation
and dysphasia

< 24 h

7 days;
dexamethasone

1 72 h 10 14 – Grade 3:
Severe
disorientation
and dysphasia

96 h

6 days;
dexamethasone

1 0 h 0 14 1 Grade 3:
Severe
disorientation
and dysphasia

24 h

12 days;
dexamethasone

1 48 h 4 5 – Grade 2:
Seizure

< 24 h

5 days 0 0 h 0 7 0 Grade 3:
Severe
somnolence

< 24 h

8 days;
dexamethasone

0 24 h 10 16 1 Grade 3:
Severe
disorientation
and dysphasia

168 h

des correspond to current ASTCT consensus grading guidelines. Resolution of ICANS corresponded to return of
ICE scores and did not have CAPD scores available around the time of ICANS diagnosis.
heresis; PLD, pre-lymphodepletion; WBC, white blood cell; AMS, altered mental status; GTC, generalized tonic-
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Pt Age
(years)

Gender Primary
Diagnosis

Disease
Burden

CART
Product

Max.
CRS
Grade

Max.
ICANS
Grade

Symptoms CRS Onset
from

Infusion &
Treatment

1 23 M Pre-B ALL,
BM relapse

PLD PB:
WBC 13.5
K/ml,
Blasts 14%

Tisagen-
lecleucel

3 2 AMS,
dysgraphia

7 days;
tocilizumab ×
4 doses

2 8 F Pre-B ALL,
BM and CNS
relapse

PLD BM:
Blasts 30%,
MRD 20%

Tisagen-
lecleucel

3 3 AMS,
aphasia,
dysgraphia

6 days

3 18 F Primary
Mediastinal
Large B-cell
Lymphoma

PLP PETCT:
Disease
progression,
Deauville
score 5

Axicabta-
gene
Ciloleucel

1 3 AMS,
dysgraphia

6 days;
tocilizumab ×
1 dose

4 9 M Pre-B ALL,
BM and CNS
relapse

PLD PB:
WBC 4.2 K/
ml,
Blasts 1%
PLP BM:
MRD 96%

Tisagen-
lecleucel

4 3 GTC
Seizure,
AMS,
dysgraphia

2 days;
tocilizumab ×
3 doses,
siltuximab

5 22 F Pre-B ALL,
breast relapse

PLP BM:
Blasts 3%,
MRD
negative

Tisagen-
lecleucel

1 3 AMS,
aphasia

3 days;
tocilizumab ×
1 dose

6 25 F Pre-B ALL,
BM and CNS
relapse

PLD PB:
WBC 9.4 K/
ml, Blasts
37%

Tisagen-
lecleucel

3 3 AMS,
dysgraphia

7 days;
tocilizumab ×
4 doses

Baseline CAPD assigned is the mean of the first two CAPD scores after admission prior to cell infusion. CRS and ICANS gra
CAPD score to patient’s baseline and resolution of symptoms as documented by clinical assessments. Patient 1 had serial
ALL, acute lymphoblastic leukemia; PB, peripheral blood; BM, bone marrow; CNS, central nervous system; PLP, pre-leukap
clonic; CTCAE, Common Terminology Criteria for Adverse Events.
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consciousness. Patient 6 developed ICANS with waxing and
waning confusion associated with CAPD scores that slowly
returned to baseline over the course of seven days (Figure 1).
As outlined in Table 1, two patients developed ICANS with acute
events including seizure and depressed level of consciousness
without detectable preceding delirium. Patient 4 (Table 1)
developed a brief (2 min), generalized tonic-clonic (GTC)
seizure (grade 3 ICANS) 10 days following onset of CRS. This
patient had been admitted to ICU prior to CART infusion for
acute renal failure (tumor lysis syndrome) requiring continuous
renal replacement therapy. He then developed grade 4 CRS (with
four episodes of pulseless electrical activity requiring
cardiopulmonary resuscitation) and received anti-cytokine
therapy per our institutional guidelines at that time (10). At
ICANS diagnosis, computerized tomography (CT) of the brain
did not show any acute changes. EEG demonstrated generalized
slowing without epileptiform discharges. Patient 5 (Table 1) had
a self-limited brief episode of altered mental status and aphasia
that was identified by an abnormal ICE score at that time, with a
change in CAPD score from baseline, (though this score
remained <9 as she was appropriately scored based on her
status over a shift period and not solely based on that
individual timepoint).

Five out of the six patients (83%) who developed ICANS had
changes in handwriting (either new inability to write (n=4) or
abnormal writing sample (n=1). For the patients who were under
12 years of age, both were acutely unable to produce a writing
sample (delirium present). In all patients, handwriting changes
were noted either in the immediate period (within 12 h) prior to
or at the time of ICANS diagnosis. As shown in Table 1, CTCAE
v5 grade based on the maximum clinical neurological signs or
Frontiers in Oncology | www.frontiersin.org 5
symptoms observed, corresponded to comparable maximum
ICANS grades in our cohort.

Imaging, Electroencephalograms, and
Lumbar Punctures
Baseline brain MRI was obtained in all patients prior to cell
infusion. Several (n=4) patients in both groups, (with/out
ICANS), were noted to have subtle diffuse periventricular
white matter (PVWM) changes on T2/FLAIR sequences
(Table 2). Subsequent to developing ICANS, neuroimaging
(MRI and/or CT) was obtained in all patients with ICANS
(n=6) with unremarkable findings. As delineated in Tables 1
and 2, patient 1 had baseline PVWM changes of higher intensity
than would be expected for patient age as well as progression of
non-specific, diffuse PVWM changes after developing ICANS.
Patient 4 had stable, small bilateral subdural hematomas
unchanged from baseline. Two patients that did not develop
ICANS also demonstrated progression of non-specific, diffuse
PVWM changes. EEG was not obtained at baseline routinely,
however was obtained in 5 affected patients at the time of ICANS
which all (n=5) demonstrated generalized slowing and diffuse
disturbance of cerebral activity and 1 with additional frontal
intermittent rhythmic delta activity (FIRDA) or frontal slowing
(Table 2). In the remaining patient, EEG electrode placement
was unable to be tolerated due to agitation.

Lumbar puncture was not performed at the time of ICANS in
any patient (n=6). Lumbar puncture was performed in a single
patient (Table 1, Patient 6) with history of ICANS following
discharge after presenting emergently with altered mental status
5 weeks after CAR T-cell infusion and 3 weeks after resolution of
ICANS. Cerebrospinal fluid demonstrated sterile lymphocytosis
FIGURE 1 | Timeline in days of toxicity, CRS and ICANS, onset and offset for patients that developed ICANS with corresponding trend of CAPD scores with day 0
representing day of cell infusion. Patient numbers corresponding to Table 1. Patient 1 had serial ICE scores and did not have CAPD scores available around the
time of ICANS diagnosis. Patient 6 developed ICANS which slowly returned to baseline over the course of seven days.
March 2021 | Volume 11 | Article 634445
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without evidence of blast cells. The patient was subsequently
diagnosed with acute multi-substance intoxication.

Serum Biomarkers
Baseline c-reactive protein (CRP) and ferritin prior to CAR T-cell
infusion as well as peak levels derived from serial measurements
were obtained in all patients (n=15). All patients developed
marked elevations in both CRP and ferritin. The average peak
CRP (mg/L) in patients with ICANS compared to patients that did
not develop ICANS were 190 mg/L (n=5, range 94-300) and 173
mg/L (n=9, range 74-300), respectively (p=0.7). The average peak
ferritin (ng/mL) in patients with ICANS compared to those
without were 56,010 (n=6, range 1,905–128,000) and 10,640
(n=9, range 1,075–44,000), respectively (p=0.04). Pro-
inflammatory cytokines interleukin 6 (IL-6), tumor necrosis
factor a (TNFa), and interferon g (IFNg) were assessed at
baseline prior to CAR T-cell infusion in 12 patients and peak
levels derived from serial measurements were obtained in 13
patients. The average peak IL-6 (pg/mL) in patients with ICANS
compared to patients that did not develop ICANS were 49,560
(n=4, 157–181,000) and 1,890 (n=9, range 14–10,660),
respectively, although this did not meet statistical significance
(p=0.11). Similarly, the mean peak IFNg (pg/mL) in patients with
ICANS compared to patients without were 35,160 (n=4, range 14–
113,300) and 700 (n=9, range 0–5,696), respectively, although this
did not meet statistical significance (p=0.07).

Intensive Care Support
All patients with ICANS required transfer to ICU. Two were
specifically transferred to the ICU for ICANS monitoring but did
not require any critical care interventions. The other patients
developed ICANS while in ICU (n=2) for management of grade 3
CRS (hypoxia n=1, hypotension n=1) or developed ICANS while
in ICU (n=2) having been admitted there prior to CART cell
infusion for renal failure and respiratory failure, respectively. The
remaining patients without ICANS (n=9) did not require
intensive care (n=5) or required intensive care (n=4) for
management of CRS (n=2), for management of complications
Frontiers in Oncology | www.frontiersin.org 6
related to primary disease after failed CART-cell therapy (n=1)
or were in ICU prior to CAR T-cell infusion for respiratory
failure (n=1).

Treatment
Of the six patients with ICANS, five received the IL-6 receptor
monoclonal antibody, tocilizumab, for concurrent CRS.
Tocilizumab was administered prior to the development of
ICANS in three patients for the treatment of CRS. Tocilizumab
was administered at the onset of ICANS in a total of two patients
with concurrent grade 1 CRS after 12-h and 48-h of fever,
respectively. Dexamethasone was administered (total n=6) for
specific management of ICANS.

Primary Disease Assessment and Long-
Term Follow-Up
All patients had disease assessment around 30 days post CAR T-
cell infusion. Of patients with pre-B ALL (n=14), nine patients
were MRD negative and one patient had morphologic remission
with incomplete hematologic recovery. The remaining patients
had confirmed refractory leukemia on bone marrow biopsy
(n=3) and/or circulating peripheral blasts (n=1). Of the six
patients with ICANS, only one did not respond to CAR T-cell
therapy with 30-day evaluation demonstrating 68% blasts in
bone marrow. At a median follow-up of 9 months (range 3–28
months), we found no significant differences in ICU survival, 30
day remission rates and/or relapse free survival and/or overall
survival and/or performance scores (Lansky/Karnofsky) between
patients that developed ICANS and those that did not.

DISCUSSION

Among adult patients receiving IEC therapies, the ICE score is
used to assess mental status and promptly detect ICANS, but this
may not be appropriate for younger children and those with
developmental delay. The CAPD screening tool may be used in
children to detect delirium, which is present in more than 25% of
patients admitted to pediatric intensive care units (17–19).
Delirium is an acute syndrome with fluctuating awareness and
cognition, and it may be an early indicator of ICANS. In general,
children diagnosed with delirium have increased short- and
long-term morbidity, and sometimes excess mortality, but the
extent to which this is true among patients who develop ICANS
remains to be clearly defined (20–22).

The CAPD assesses pediatric delirium within the context of
child development by comparing the detection of specific items
on a scale addressing consciousness, cognition, orientation,
psychomotor activity, and affect/distress with anchor points
that characterize the development of the patient by age groups
(23, 24). CAPD has been validated as a tool for detection of
delirium in critically ill and/or younger oncology patients (14, 25,
26). The tool has also been successfully implemented across
different cultures and in different languages (27–29). An earlier
report, suggests that the CAPD is a sensitive screen for ICANS
among patients with relapsed or refractory B‐ALL who were
enrolled in phase I of an open label phase I/II clinical trial
TABLE 2 | Neuroimaging and evaluation study findings in patients with ICANS.

Pt Baseline MRI Findings MRI Findings at time of
ICANS

EEG Findings
at time of
ICANS

1 Pineal cyst, PVWM changes
higher intensity than
expected for age

Unchanged pineal cyst,
mild progression of PVWM
changes

Diffuse slowing

2 PVWM changes Unchanged PVWM
changes

Not available

3 Unremarkable Unremarkable Diffuse slowing
with prominent
FIRDA

4 Bilateral SDH Stable bilateral SDH Diffuse slowing
5 Unremarkable Unremarkable Diffuse slowing
6 Unremarkable Unremarkable Diffuse slowing
Baseline MRIs for this purpose are the most recent available study prior to CAR T-cell
infusion.
MRI, magnetic resonance imaging; EEG, electroencephalogram; PVWM, periventricular
white matter; SDH, subdural hematoma; FIRDA, frontal intermittent rhythmic delta activity.
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(clinicaltrials.gov NCT02028455) of CD19‐directed, 4‐1BB co-
stimulated CAR T-cells (SCRI‐CAR19v1) (30).

CAPD may be a useful tool for the early detection of delirium
and even ICANS in patients receiving CAR T-cells. This may be
particularly evident in patients less than 12 years of age as in our
cohort, CAPD was noted above baseline at 48 and 72 h,
respectively, prior to the diagnosis of ICANS. Among those
with a change in CAPD, more frequent assessments may be
indicated. As CAPD is an assessment of delirium based on
summary observations over time, the intervals between CAPD
assessments may be guided by changes in clinical status.

While delirium is an early indicator of ICANS in patients
receiving CAR therapies, it is important to consider the differential
diagnosis. Patients who have received CAR therapies and develop
fever and hypotension may have CRS, but it is also important to
rule out infection and when appropriate, initiate empiric sepsis
anti-microbial coverage. Similarly, among CART patients with a
CAPD score >9, it is important to consider the contribution of
other factors such as sepsis, benzodiazepines, opioids,
anticholinergics and poor sleep hygiene (26). While independent
associations between steroid administration and development of
delirium have been described, in the setting of ICANS, steroids are
an important abortive treatment (31). For patients that have not
been placed on prophylactic seizure medications, a rise in CAPD
could serve as an indicator to begin. While prospective studies are
needed to elucidate whether delirium from other causes and a
rising CAPD from baseline may increase the risk of ICANS, a
CAPD score > 9 warrants more frequent monitoring and
interventions to reverse delirium.

Although there has been evidence reported for the utility of
baseline biomarkers levels as predictors of ICANS, we were
unable to detect predictive biomarkers among those tested in
our cohort. Biomarkers such as ApoA1 and Angiogenin levels at
baseline, and changes in ApoA1 or Angiogenin over time, may
indicate risk of ICANS (32). Dysgraphia appears to be a specific
finding among patients with ICANS, but changes in CAPD were
the earliest indicator of ICANS in our cohort. Pediatric ICU
outcomes did not differ among patients with/out ICANS. Despite
relatively high critical care admission rates, overall resource
utilization studies among adult CAR T patients suggest that
organ failure scores should not guide decisions about limiting
treatment. Rather, reversibility of the underlying pathology may
be the most important factor for survival (33). This may also be
true for patients with ICANS in the PICU. In our cohort, while
one patient had brief generalized tonic clonic seizure, on EEGs
obtained at time of ICANS, diffuse disturbance of cortical activity
demonstrated as generalized slowing was a consistent finding in
all patients and one additionally with frontal lobe slowing or
Intermittent Rhythmic Delta Activity (FIRDA). Seizures and
other non-epileptiform activity seen on EEGs including both
diffuse slowing and FIRDA have been reported as known
findings at the time of ICANS (13). While follow-up EEG is
not considered essential when patients improve clinically, it may
be a useful practice to follow EEG findings for resolution, as we
seek to better understand the long-term outcomes of patients
with ICANS. Neuroimaging at baseline and on long-term follow-
Frontiers in Oncology | www.frontiersin.org 7
up may also improve our understanding of the significance and
natural course of observed PVWM changes in some patients.

Our study is limited by the retrospective design as well as the
overall small sample size of 15 having received CAR T-cell
therapy, with 9 pediatric patients (aged 18 years and younger)
and only three pediatric patients in the ICANS cohort.
Additionally, CAPD has been validated as a delirium screening
tool in patients up to the age of 21 years; however, it is analyzed
here in young adult patients up to age 25 years which further
limit the strength of our findings. Differentiating the specific
causes of delirium (medication versus ICANS for example), that
may be present in patients receiving CART therapy, was outside
the scope of this study, but warrants further investigation.

In summary, a rising CAPD score may represent the earliest
indicator of ICANS in pediatric and young adult patients receiving
standard of care CD19-directed CAR T-cell therapy and may be an
indication for more frequent assessments and closer monitoring.
These findings, including the utility of CAPD in patients aged 21 to
25 years, warrant validation in larger prospective cohorts.
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Supplementary Figure 1 | Immune-effector cell-associated encephalopathy
assessment tool for the grading of ICANS. A score of 10 represents no impairment,
7–9 grade 1 ICANS, 3–6 grade 2 ICANS, and 0–2 grade 3 ICANS. A score of 0 due
to patient being unarousable and unable to perform assessment corresponds to
grade 4 ICANS.

Supplementary Figure 2 | Cornell Assessment of Pediatric Delirium.
Encephalopathy assessment tool for children < 12 years of age adapted by ASTCT.
Frontiers in Oncology | www.frontiersin.org 8
Scores between 1-8 may represent no impairment, grade 1 or grade 2 ICANS and
must be combined with clinical assessment. Score > 8 corresponds to grade 3
ICANS. If unable to perform CAPD due to patient being unarousable, corresponds
to grade 4 ICANS.

Supplementary Figure 3 | ASTCT ICANS Consensus Grading. ICANS grade is
determined by the most severe event (ICE or CAPD score, level of consciousness,
seizures,motor findings, raised ICP/cerebraledema)not attributable toanyothercause.
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