CASE REPORT

Novel Use of Extracorporeal Blood Purification
for Treatment of Severe, Refractory
Neurotoxicity After Chimeric Antigen Receptor

T-Cell Therapy—A Case Report

BACKGROUND: Chimeric antigen receptor T-cell therapies (CAR-T) are trans-
forming the treatment of B-cell leukemias and lymphomas. Cytokine release syn-
drome and immune effector cell-associated neurotoxicity syndrome represent
common, potentially life-threatening toxicities from chimeric antigen receptor
T-cell therapy treatment.

CASE SUMMARY: We present a 53-year-old patient with primary refractory
high-grade B-cell lymphoma who developed severe, refractory neurotoxicity fol-
lowing chimeric antigen receptor T-cell therapy but exhibited complete recovery
after extracorporeal blood purification with CytoSorb (CytoSorbents, Monmouth
Junction, NJ).

Six days after chimeric antigen receptor T-cell therapy infusion, the patient devel-
oped cytokine release syndrome grade 3, prompting administration of dexameth-
asone and tocilizumab, a monoclonal antibody against the interleukin-6 receptor.
His C-reactive protein levels started to decrease with tocilizumab and dexameth-
asone treatments. However, his ferritin levels continued to rise, and his inter-
leukin-6 levels were above the upper detection threshold. Thirty-six hours later,
the patient showed improved cytokine release syndrome but developed severe
immune effector cell-associated neurotoxicity syndrome with predominant en-
cephalopathy (grade 3) despite treatment with dexamethasone/methylpredniso-
lone, tocilizumab, and anakinra. We therefore sought a rescue strategy to remove
inflammatory mediators. Following emergency use authorization, we initiated ex-
tracorporeal blood purification with CytoSorb (CytoSorbents).

Four-day extracorporeal blood purification resulted in complete resolution of
immune effector cell-associated neurotoxicity syndrome and greater than 95%
reduction in interleukin-6 levels without side effects. The patient was discharged
home 10 days later with no signs of neurotoxicity or other secondary end-organ
dysfunction.

CONCLUSIONS: Our case represents the first reported, successful appli-
cation of extracorporeal blood purification with CytoSorb (CytoSorbents)
to treat severe, refractory neurotoxicity following chimeric antigen receptor
T-cell therapy.

KEY WORDS: chimeric antigen receptor T-cell therapies; extracorporeal blood
purification; neurotoxicity

nti-CD19 chimeric antigen receptor T-cell therapies (CAR-T) represent

a promising approach for treatment of refractory CD19* B-cell malig-

nancies, for example, acute and chronic B-cell leukemias and B-cell
non-Hodgkin lymphomas (1). CAR-T, however, carry unique, potentially life-
threatening toxicities that require specialized monitoring and management.

Critical Care Explorations

Kai Singbartl, MD, MPH'
Allison Rosenthal, DO?
Jose Leis, MD, PhD?
Bhavesh Patel, MD'
Ayan Sen, MD, MSc'

Copyright © 2021 The Authors.
Published by Wolters Kluwer Health,
Inc. on behalf of the Society of Critical
Care Medicine. This is an open-access
article distributed under the terms of
the Creative Commons Attribution-
Non  Commercial-No  Derivatives
License 4.0 (CCBY-NC-ND), where it
is permissible to download and share
the work provided it is properly cited.
The work cannot be changed in any
way or used commercially without
permission from the journal.

DOI: 10.1097/CCE.0000000000000472

www.ccejournal.org 1


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/

Singbartl et al

CAR-T encompass autologous or allogeneic T cells
that are genetically engineered to express chimeric an-
tigen receptors, redirecting the cytotoxic effects toward
tumor cells. Recognition of tumor-associated antigens
initiates immune proliferation and release of cytokines
by effector CAR-T cells. Interleukin (IL)-6, interferon
gamma (IFNy), and granulocyte-macrophage colo-
ny-stimulating factor as well as IL-8, IL-10, monocyte
chemoattractant protein-1, and macrophage inflam-
matory protein-1b all are considered crucial mediators
in this response (2, 3).

Overwhelming and widespread immune activation
after CAR-T can lead to two potentially life-threat-
ening adverse reactions: cytokine release syndrome
(CRS) and immune effector cell-associated neurotox-
icity syndrome (ICANS) (4). CRS typically manifests
with general symptoms, such as fever, weakness, and
myalgias, but it can involve any organ system and
lead to hemodynamic instability, respiratory distress,
and acute kidney or liver injury. Cases of fulminant
hemophagocytic lymphohistiocytosis (HLH), a se-
vere immune activation with lymphohistiocytic tis-
sue infiltration and immune-mediated multiple organ
failure, have also occurred after CAR-T (4). CRS
grading includes presence and severity of fever, hypo-
tension, and hypoxemia but not laboratory markers
of inflammation (5). ICANS frequently manifests as
encephalopathy but also delirium, dizziness, aphasia,
motor dysfunction, tremor, ataxia, seizure, dyscal-
culia, or myoclonus. ICANS grading involves screen-
ing for encephalopathy via the Immune Effector
Cell-Associated Encephalopathy (ICE) score as well
as evaluating for level of consciousness, motor symp-
toms, seizures, and elevated intracranial pressure/

TABLE 1.

cerebral edema (Tables 1 and 2) (5). ICANS often
accompanies CRS, but its clinical course does not al-
ways parallel that of CRS (6).

Current management of CAR-T toxicities entails
supportive care, corticosteroids, and anti-IL-6 therapy
(4). Tocilizumab is a humanized monoclonal antibody
against the IL-6 receptor and thereby blocks binding of
IL-6 to its receptor. Tocilizumab is U.S. Food and Drug
Administration (FDA)-approved for treatment of CRS
after CAR-T.

Hemoadsorption is an extracorporeal blood
purification technique intended to remove var-
ious molecules, for example, cytokines, from the
bloodstream. During hemoadsorption, blood flows
through adsorbent columns, which are made of po-
rous polymer beads that vary in size, side chains, and
chemical properties to target molecules of interest
(7). With the exception of emergency use authori-
zation for severe coronavirus disease 2019, hemoad-
sorbtion devices have not received FDA approval.
Some devices, including CytoSorb (CytoSorbents,
Monmouth Junction, NJ), have been approved within
the European Union for over 10 years and used in
over 130,000 treatments with severe inflammatory
syndromes (8).

CASE PRESENTATION

With written informed consent, we present a 53-year-
old male patient with primary refractory high-grade
B-cell lymphoma and rearrangements of MYC/BCL2
and BCL6, who had failed rituximab, etoposide, pred-
nisone, vincristine, Cytoxan, and doxorubicin and
rituximab, oxaliplatin, cytarabine, and dexamethasone

Immune Effector Cell-Associated Encephalopathy Score

Orientation (Year,

Naming (Name Following Simple

Commands

Writing a Attention (e.g., Count

Points Month, City, Hospital) Three Objects)

4 4 (of 4)

3 3 (of 4) 3 (of 3)

2 2 (of 4) 2 (of 3)

1 1 (of 4) 1 (of 3) Yes
0 0 (of 4) 0 (of 3)

Standard Sentence Backward From 100 by 10),

Yes Yes

No No

Maximum score is 10.

Compiled after American Society for Transplantation and Cellular Therapy consensus grading for cytokine release syndrome and neuro-

logic toxicity associated with immune effector cells (5).
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TABLE 2.

Immune Effector Cell-Associated Neurotoxicity Syndrome

Neurotoxicity Domain

Immune Effector

Cell-Associated

Encephalopathy
Score

Depressed
Level of
Consciousness

Seizure

Elevated ICP/

Motor Findings Cerebral Edema

Focal/local edema on
neuroimaging

1 7-9 Awakens spon-
taneously
2 3-6 Awakens to
voice
3 0-2 Awakens only to Clinical seizure with rapid res-
tactile stim- olution or nonconvulsive
ulus seizures on electroenceph-
alography with resolution
after intervention
4 0 (patient is un- Unarousable

able to perform)  or requires
vigorous or re-
petitive stimuli

to arouse

Prolonged seizure (> 5min) Deep focal motor Diffuse cerebral edema on
or repetitive seizures
without return to base-
line in between

weakness neuroimaging; decer-
(e.g., hemipa- ebrate or decorticate
resis or para- posturing; or cranial nerve
paresis) VI palsy; or papilledema;

or Cushing triad

Compiled after American Society for Transplantation and Cellular Therapy consensus grading for cytokine release syndrome and neurologic

toxicity associated with immune effector cells (5).

treatments. He received lymphocyte-depleting che-
motherapy with fludarabine and Cytoxan 5 days prior
to hospital admission. CAR-T infusion (axicabtagene
ciloleucel) on the day of hospital admission (day 0)
(Fig. 1) commenced without immediate side effects.

C-reactive protein (CRP) rose on day 3, whereas his
ferritin levels remained normal until day 5 (Fig. 1A).
Clinical assessments for CRS and ICANS were neg-
ative at that time. On day 4, he developed a fever of
39.1°C (grade 1 CRS) (Fig. 1B). His examination was
negative for ICANS (ICE score 10/10), whereas his
CRP continued to rise. In the evening of day 5, he be-
came mildly disoriented and demonstrated altered
handwriting.

Ongoing fevers and new hypotension on day 6
prompted the first administration of tocilizumab
(grade 2 CRS, ICE 9/10) (Fig. 1, A and B), followed by
two additional doses later. He also required intermit-
tent fluid resuscitation and treatment with dexameth-
asone. His CRP levels started to decrease, whereas his
territin levels increased further.

Worsening renal function, evolving hyperactive de-
lirium, and need for vasopressors mandated a transfer

Critical Care Explorations

to the ICU on hospital day 8. A bone marrow biopsy at
that time showed no evidence of lymphoma but prom-
inent hemophagocytosis, consistent with HLH/macro-
phage activation syndrome due to CRS.

Despite ongoing supportive care, including contin-
uous renal replacement therapy (CRRT), and treat-
ment with (escalating doses of) dexamethasone, the
patient’s clinical status did not improve. Workup for
underlying infections remained negative, except for
positive Clostridium difficile surveillance (polymerase
chain reaction for toxin) with ongoing diarrhea. The
patient had tested positive for C. difficile toxin approx-
imately 1 month prior to admission. Neuroimaging
and electroencephalography studies were also unre-
markable. A lumbar puncture was deferred because
of refractory low platelet counts (Fig. 1B) and fibrin-
ogen levels (less than 110 mg/dL). He became increas-
ingly encephalopathic (ICE 7/10). His ferritin levels
were still rising, and IL-6 levels were above the upper
detection limit (greater than 400 pg/mL). Additional
doses of tocilizumab and one dose of anakinra
(IL-1 receptor antagonist) were given, followed by
methylprednisolone.

www.ccejournal.org 3
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Figure 1. Patient's hospital course. A, Course of Immune Effector
Cell-Associated Encephalopathy (ICE) in relationship to inflammatory
markers and treatments throughout hospitalization (days 0-25)

for chimeric antigen receptor T-cell therapy (CAR-T) infusion. IL-6
plasma concentrations above the upper detection limit (greater than
400 pg/L) are displayed as equaling 400 pg/L and marked with “*".
B, Course of hematological parameters and treatments throughout
hospitalization (days 0—25) for CAR-T infusion. CRP = C-reactive
protein, CRRT = continuous renal replacement therapy.

Drastically worsening encephalopathy (ICE 2/10,
protected airway, and hospital day 9) together with per-
sistently elevated inflammatory markers led us to ex-
plore novel rescue options. After careful consideration
of risks and benefits, we obtained emergency use au-
thorization for extracorporeal blood purification with
CytoSorb (CytoSorbents) from our local Institutional
Review Board. Continuous hemoadsorption with
CytoSorb (CytoSorbents) was initiated on hospital
day 11. Six CytoSorb (CytoSorbents) cartridges, for
12-24 hours each, were used over 4 days in conjunc-
tion (predialyzer) with standard CRRT (continuous
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veno-venous hemodiafiltration, Prismaflex M150
with AN69 membrane hemofilter, Baxter Healthcare
Corporation, Deerfield, IL, blood flow 250 mL/min,
fluid removal rate 0-250 mL/hr, and total effluent flow
rate 25-30 mL/kg/hr). Because of persistent thrombo-
cytopenia and low fibrinogen levels, we refrained from
systemic anticoagulation. The treatment was well tol-
erated without any obvious side effects.

Inflammatory markers, in particular IL-6, started
to decline rapidly within 48 hours of hemoadsorp-
tion and continued to do so throughout the treat-
ment course (Fig. 1A). This was followed by complete
neurologic and renal recovery over the next 3 days
(ICE score 10/10) (Fig. 1A). The patient was trans-
terred out of the ICU the next day (hospital day 16)
and continued to recover throughout the remainder
of his hospital stay. He was discharged home on hos-
pital day 25 without any signs of secondary end-organ
dysfunction and is currently undergoing CAR-T fol-
low-up care.

DISCUSSION

Following CAR-T infusion, our patient developed
CRS followed by ICANS 4 days later. Both CRS and
ICANS are well-known adverse effects after CAR-T
and the result of an overwhelming immune response.
Treatment with repetitive doses of tocilizumab
and dexamethasone together with supportive care
appeared to resolve the clinical symptoms of CRS.
On the contrary, ICANS progressed rapidly and was
refractory to currently accepted treatment options,
including blockade of individual cytokines with
tocilizumab and anakinra. Similarly, available data
suggest that most patients with neurotoxicity do not
respond to tocilizumab treatment (3, 6).

Selective blockade of individual cytokines also poses
risks that might have contributed to the observed treat-
ment failure. Administration of tocilizumab can lead
to an increase in IL-6 and soluble IL-6 receptor levels,
reflecting states of increased production or decreased
clearance of IL-6 (9, 10). IL-6 can cross the blood-
brain barrier and exert neurotoxic effects. Tocilizumab
is not expected to cross over, largely because of its size
(11). Published observations that tocilizumab admin-
istration is associated with precipitation or worsening
of ICANS further support this concept and make a
delayed response in our case unlikely (11-13). Here,
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our patient did not develop ICANS until after initia-
tion of tocilizumab treatment and drastically deterio-
rated after the fourth dose.

IL-6 is not the only cytokine involved. Selective
blockade of single mediators might not be suffi-
cient to attenuate the overall response. We therefore
sought a rescue strategy that allowed for broad-spec-
trum, continuous cytokine elimination rather than
selectively blocking individual cytokines. We selected
hemoadsorption with CytoSorb (CytoSorbents), an
extracorporeal blood purification technique. Previous
case reports and smaller studies of various systemic
inflammatory conditions, for example, septic shock,
and pancreatitis, have indicated clinical improvement
after treatment with CytoSorb (CytoSorbents). Sepsis,
like CRS or ICANS, is characterized by the circulation
of inflammatory cytokines. Extracorporeal blood puri-
fication techniques to remove cytokines during sepsis
have been of great interest for a long time (8). Various
techniques, including hemofiltration, hemoperfusion,
intermittent or continuous high-volume hemofiltra-
tion, plasmapheresis, or hemoadsorption, have been
studied to remove cytokines. Only plasma exchange
or hemoadsorption seem to be effective extracorporeal
blood purification techniques during sepsis (8, 14, 15).
Standard CRRT protocols and equipment, as in our
case, do not remove cytokines in a relevant manner
(16-18).

CytoSorb (CytoSorbents) unselectively removes
substances from blood by means of hemoadsorption
to biocompatible porous polymer beads, packed into
cartridges (7). CytoSorb (CytoSorbents) can remove
substances, ranging from 5 to 60 kDa in size, including
IL-6 and other cytokines (7). Although exact clinical
data are not available, it is unlikely that it removes
tocilizumab or other antibodies from the circulation.
However, CytoSorb (CytoSorbents) will likely remove
low-molecular-weight substances like dexamethasone
or methylprednisolone.

Two case reports have shown hemodynamic
and respiratory improvement during CytoSorb
(CytoSorbents) treatment in patients with CRS after
CAR-T infusions (17, 18). A current randomized
controlled trial focuses on changes in plasma IL-6 in
patients with severe CRS or ICANS after CAR-T (clini-
caltrials.gov; NCT0404843).

Critical Care Explorations

Conclusion

To this end, we present the first successful treat-
ment of severe, refractory CAR-T-induced neurotox-
icity employing extracorporeal blood purification with
CytoSorb (CytoSorbents). Considering the inherent
limitations of a case report, we cannot truly assess
the impact of this treatment on our patient’s recovery.
Nonetheless, the results of our novel approach to
treat an otherwise potentially fatal complication from
CAR-T deserve future research efforts.
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