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Abstract: Usually used in emergency settings, bedside sonographic measurement of optic nerve
sheath diameter can aid in diagnosing elevated intracranial pressure. We report a case of a 26-year-old
male hospitalized for CAR T-cell therapy with Axicabtagene Ciloleucel for treatment of relapsed
diffuse large B-cell lymphoma, who developed progressive symptoms of immune effector cell-
associated neurotoxicity syndrome. Fundoscopic examination suggested the presence of blurred
optic disc margins. Bedside ocular ultrasound revealed wide optic nerve sheath diameters and
bulging optic discs bilaterally. The patient had a ventriculostomy placed for monitoring and received
treatment with steroids and mannitol, as well as tocilizumab. After 7 days in the ICU, the patient
recovered with no evidence of long-term neurological deficits.

Keywords: immune effector cell-associated neurotoxicity syndrome; CAR-T cell therapy; ocular
ultrasound; cancer therapy

1. Introduction

Immunotherapy with chimeric antigen receptor (CAR) modified T-cells is a promising
treatment for patients with refractory leukemia and lymphoma [1-4]. Toxicities include cy-
tokine release syndrome (CRS) and immune effector cell-associated neurotoxicity syndrome
(ICANS) [5]. These unique toxicities can be fatal, especially in cases of raised intracranial
pressure (ICP) and cerebral edema [6,7]. Penissi et al. analyzed 102 patients that received
CAR T-cell therapy, 53 with B-cell acute lymphoblastic leukemia (B-ALL), and 49 with
diffuse large B-cell lymphoma (DLBCL). They found that ICANS was present in 50% of
patients (55% in the B-ALL group and 45% in the DLBCL group) [8]. Other analyses have
identified ICANS in up to 67% of patients with B-ALL and 62% of patients with DLBCL [9].

Various systems have been used for grading neurotoxicity. The most recent consensus
criteria by the American Society for Transplantation and Cellular Therapy (ASTCT) include
the 10-point Immune Effector Cell-Associated encephalopathy (ICE) score (a modified
version of the CARTOX-10) [8], which evaluates orientation, naming, following commands,
writing, calculation, level of consciousness, seizures, motor deficits and signs of increased
ICP, using a 10 point-based system. Grades 1 (7-9 ICE) and 2 (3—6 ICE) are defined by the
degree of encephalopathy. Grade 3 is defined by a more severe encephalopathy, seizures,
or local edema on imaging (0-2). Grade 4 is defined as stupor or coma, ICE score of 0,
prolonged or repetitive seizures, motor deficits, or signs of elevated ICP. Grade 5 describes
death due to ICANS [5].

Due to the high frequency of neurotoxicity, close monitoring with a neurologic exam
and noninvasive tools is imperative for prompt therapeutic interventions to avoid dire
outcomes. Invasive or noninvasive methods can detect elevated intracranial pressures. The
sonographic measurement of the optic nerve sheath diameter (ONSD) has been described
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as a sensitive and specific noninvasive method to detect increased ICP [10]. The optic nerve
sheath contains the extension of the subarachnoid space.

The subarachnoid space surrounds the optic nerve and is circumscribed by the optic
nerve sheath that is an anatomical extension of the dura mater around the nerve. In cases
of increased ICP, the optic nerve sheath gets dilated due to the elevated cerebrospinal
fluid (CSF) pressure [11]. ONSD measurement is performed using a linear probe placed
on the closed upper eyelid, with the patient in the supine position. ONSD is measured
3 mm behind the globe in the two-dimensional mode [12]. Sonographic ONSD higher than
5.0 mm has been proposed as a cutoff for identifying increased ICP in adults [13].

We report a case of ICANS, monitored with ONSD ultrasonography, with a favorable
outcome after aggressive treatment of intracranial hypertension.

2. Case Report

A 26-year-old male with refractory diffuse large B-cell lymphoma involving the medi-
astinum was treated with axi-cel CAR-T cell therapy (commercial autologous anti-CD19
CAR-T cell therapy). His neurological exam and brain MRI were normal before therapy. He
was placed on seizure prophylaxis with levetiracetam per institutional guidelines. On the
first day post-infusion, he developed fever and tachycardia consistent with grade 1 CRS. On
day 4, he developed rapidly progressive ICANS that started with handwriting impairment
and 7 h later became encephalopathic with an ICE score of 3. Examination revealed expres-
sive aphasia, nystagmus, and mild tremor. Due to agitation, the funduscopic examination
could not be reliably performed to assess for papilledema. Head CT was unremarkable. He
received intravenous tocilizumab and dexamethasone 10 mg. Continuous EEG showed
a moderate generalized slowing of background activity. Over the next 6 h, he became
lethargic. Bedside ocular ultrasound was performed and ONSD was measured in the right
optic nerve (6.5 mm) and the left optic nerve (6 mm) (Figure 1).

He was intubated for airway protection. Lumbar puncture was performed with an
opening pressure of 44 cmH,O. After removing 80 mL of cerebrospinal fluid, the closing
pressure was 15 cmH;O. ONSD was measured again, obtaining a diameter of 3.2 and
3.1 mm for the right and left optic nerves, respectively. He was treated with high-dose
methylprednisolone, hyperosmolar therapy, and sedation for grade 4 ICANS. An external
ventricular drain (EVD) was placed for monitoring (first measure after placement was
3 cmH,0). A brain MRI showed increased T2-hyperintensity in the thalami and dorsal
pons (Figure 2).
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Figure 1. (A) Optic nerve sheath diameter measurements pre lumbar puncture were 6.5 and 6 mm.
(B) Optic nerve sheath diameter measurements post lumbar puncture were 3.2 and 3.1 mm.
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Figure 2. Brain magnetic resonance imaging, axial fluid-attenuated recovery sequence (FLAIR).
Arrows and ovals show the areas described in each section. (A,B) There is a hyperintensity that
shows a compromise of the dorsal pons at the level of the fourth ventricle, involving the nucleus of
the VIand VII cranial nerves bilaterally. (C) There is a compromise of the thalamus at its ventromedial
aspect, bilaterally. (D) Compromise of the subinsular external capsules. (E,F) There is evident cortical
edema, most probably of cytotoxic origin.

He received 3 doses of tocilizumab and 3 doses of methylprednisolone (1000 mg per
dose). Serial ONSD measurements continued to remain low and were consistent with low
ICP as measured by EVD. He was extubated 48 h after onset of neurotoxicity, and EVD was
removed 2 days later. Neurotoxicity symptoms resolved one week after onset. Repeated
MRI 3 weeks later showed resolution of the abnormalities. Lymphoma restaging one month
after treatment revealed a complete response to therapy. A timeline depicting changes
in temperature, ICP and CARTOX-10 can be seen in Figures 3-5. Additionally, Figure 6
depicts a summary of the events in this case.
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Neurological assessment after ICANS onset
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Figure 3. CARTOX-10 score since development of ICANS until discharge.
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Figure 4. A timeline depicting changes in temperature during impatient management.
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Figure 5. A timeline depicting changes in handwriting since CAR-T cell infusion.
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Patient events timeline
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Figure 6. A timeline depicting the most important events in this patient’s case.

3. Discussion

Neurological toxicities have been observed in up to 77% of patients treated with CAR-
T-cells [14], with grade 3-5 in 25-57% of patients [6]. The underlying pathophysiology of
ICANS remains unclear, with possible mechanisms including an inflammatory process
triggered by CAR-T-cells, with subsequent secretion of monocyte-derived cytokines like
IL-1, IL-6, and GM-CSF, as well as a widespread endothelial activation with increased
permeability of the blood-brain barrier (BBB). Studies of CSF from patients who devel-
oped severe forms of ICANS showed a 17-fold increase in CD14+ myeloid cells’ levels
compared to patients with low-grade ICANS. Therefore, ICANS might be the result of
systemic inflammation triggered by CAR-T cell infusion and activation, which leads to
endothelial activation, BBB disruption, and inflammatory infiltration of central nervous
tissues [15]. The most common neurological symptoms include encephalopathy, headache,
tremor, aphasia, and focal weakness [14]. Expressive aphasia is the most specific first
sign of severe neurotoxicity [5]. We reported a case of raised ICP with cerebral edema in
which noninvasive monitoring of ICP with ONSD serial measurements allowed for rapid
identification and initiation of aggressive treatment and monitoring of response with good
correlation with invasive EVD-ICP measurements.

A meta-analysis by Cai et al. assessed the incidence and characteristics of fatal toxicity
associated with CAR-T cell therapy. After analyzing 19 clinical trials with a total of 890 cases
and 33 treatment-related deaths, they found that the most common causes of CAR T-
cell therapy-related mortality were CRS (30.3%), nervous system disorders (18.2%) and
infections (12%). Other causes included blood, cardiac, respiratory, gastrointestinal and
hepatobiliary disorders [16]. Regarding nervous system involvement, cases of raised
ICP with and without cerebral edema after CAR T-cell therapy have been reported® and
represent the most devastating sequelae of ICANS and the leading cause of neurologic
CAR-T cell therapy-associated mortality [17].

Prompt recognition of intracranial hypertension after CAR-T cell therapy is neces-
sary to mitigate adverse outcomes. However, assessment of papilledema in patients with
encephalopathy using fundoscopy is challenging and, most of the time, inaccurate [18].
Additionally, obtaining imaging studies such as CT or MRI may be delayed due to logistical
reasons and the hemodynamical /neurological stability of the patient, which can create
critical delays to initiate lifesaving therapeutic interventions. Moreover, the gold standard
assessment for ICP using invasive lumbar puncture opening pressure may be contraindi-
cated due to coagulopathy, thrombocytopenia, or clinical instability, and poses a risk of
complications such as herniation and bleeding [19].

4. Conclusions

Our case demonstrates sonographic measurement of ONSD as a bedside, noninvasive
and reliable method to monitor intracranial pressure and ICANS in patients undergoing
CAR-T-cell therapy. This tool can be used for effective monitoring of critically ill patients
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that require early and aggressive management. Bedside ocular ultrasound can be used
serially for early detection of increased ICP after cellular therapy enabling early and aggres-
sive management of cerebral edema which can be a devastating neurologic complication
of CAR-T cell therapy. We encourage the development of large cohort studies that ad-
dress this technique to better understand its impact in CAR-T cell therapy monitoring and
similar events.

Author Contributions: Conceptualization, B.,.G., A.C.R., B.P. and J.E.C.; methodology, C.V.-S.,
M.G.K;; software, J.E.G.-R,; validation, B.P.G., A.C.R,, B.P. and ].E.C,; formal analysis, ].E.G.-R., C.V.-S.
and M.G K,; investigation, J.E.G.-R., C.V.-5. and M.G.K.; resources, J.E.G.-R., C.V.-5. and M.G.K;
data curation, J.E.G.-R., C.V.-S. and M.G.K.; writing—original draft preparation, J.E.G.-R., C.V.-S.
and M.G.K,; writing—review and editing, ].E.G.-R., C.V.-5, M.GK,, BP.G., A.CR,, BP. and ] E.C,;
visualization, J.E.G.-R.; supervision, B.P.G., A.C.R., B.P. and ].E.C.; project administration, ] E.G.-R.,
C.V.-S., M.G K. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: This case report did not need an IRB approval, as none
identifying information is included.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.
Data Availability Statement: Not applicable.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

10.

11.

12.

13.

Neelapu, S.S.; Locke, EL.; Bartlett, N.L.; Lekakis, L.J.; Miklos, D.B.; Jacobson, C.A.; Braunschweig, I.; Oluwole, O.0.; Siddiqi, T.;
Lin, Y. Axicabtagene Ciloleucel CAR T-Cell Therapy in Refractory Large B-Cell Lymphoma. N. Engl. J. Med. 2017, 377, 2531-2544.
[CrossRef]

Schuster, S.J.; Bishop, M.R; Tam, C.S.; Waller, E.K.; Borchmann, P.; McGuirk, J.P.; Jager, U.; Jaglowski, S.; Andreadis, C.; Westin, ].R.
Tisagenlecleucel in Adult Relapsed or Refractory Diffuse Large B-Cell Lymphoma. N. Engl. ]. Med. 2019, 380, 45-56. [CrossRef]
Mian, A.; Hill, B.T. Brexucabtagene autoleucel for the treatment of relapsed/refractory mantle cell lymphoma. Expert Opin. Biol.
Ther. 2021, 21, 435—441. [CrossRef] [PubMed]

Abramson, J.S.; Palomba, M.L.; Gordon, L.I.; Lunning, M.A.; Wang, M.; Arnason, J.; Mehta, A.; Purev, E.; Maloney, D.G;
Andreadis, C.; et al. Lisocabtagene maraleucel for patients with relapsed or refractory large B-cell lymphomas (TRANSCEND
NHL 001): A multicentre seamless design study. Lancet 2020, 396, 839-852. [CrossRef] [PubMed]

Lee, D.W.; Santomasso, B.D.; Locke, EL.; Ghobadi, A.; Turtle, C.J.; Brudno, J.N.; Maus, M.V,; Park, ].H.; Mead, E.; Pavletic, S.; et al.
ASTCT Consensus Grading for Cytokine Release Syndrome and Neurologic Toxicity Associated with Immune Effector Cells. Biol.
Blood Marrow Transplant. 2019, 25, 625-638. [CrossRef] [PubMed]

Brudno, ].N.; Kochenderfer, ].N. Chimeric antigen receptor T-cell therapies for lymphoma. Nat. Rev. Clin. Oncol. 2018, 15, 31-46.
[CrossRef] [PubMed]

Neelapu, S.S.; Tummala, S.; Kebriaei, P.; Wierda, W.; Gutierrez, C.; Locke, FL.; Komanduri, K.V.; Lin, Y; Jain, N.; Daver, N.;
et al. Chimeric antigen receptor T-cell therapy-assessment and management of toxicities. Nat. Rev. Clin. Oncol. 2018, 15, 47-62.
[CrossRef] [PubMed]

Pennisi, M.; Jain, T.; Santomasso, B.D.; Mead, E.; Wudhikarn, K.; Silverberg, M.L.; Batlevi, Y.; Shouval, R.; Devlin, S.M.; Batlevi,
C.; et al. Comparing CAR T-cell toxicity grading systems: Application of the ASTCT grading system and implications for
management. Blood Adv. 2020, 4, 676-686. [CrossRef] [PubMed]

Santomasso, B.D.; Park, ].H.; Salloum, D.; Riviere, I; Flynn, J.; Mead, E.; Halton, E.; Wang, X.; Senechal, B.; Purdon, T.; et al.
Clinical and biological correlates of neurotoxicity associated with car t-cell therapy in patients with B-cell acute lymphoblastic
leukemia. Cancer Discov. 2018, 8, 958-971. [CrossRef] [PubMed]

Wang, L.; Chen, L.; Chen, Y,; Bao, L.; Zheng, N.; Wang, Y.; Xing, Y. Ultrasonography Assessments of Optic Nerve Sheath Diameter
as a Noninvasive and Dynamic Method of Detecting Changes in Intracranial Pressure. JAMA Ophthalmol. 2018, 136, 250-256.
[CrossRef] [PubMed]

Hansen, H.C.; Helmke, K. The subarachnoid space surrounding the optic nerves. An ultrasound study of the optic nerve sheath.
Surg. Radiol. Anat. 1996, 18, 323-328. [CrossRef] [PubMed]

Robba, C.; Santori, G.; Czosnyka, M.; Corradi, F,; Bragazzi, N.; Padayachy, L.; Taccone, ES.; Citerio, G. Optic nerve sheath
diameter measured sonographically as non-invasive estimator of intracranial pressure: A systematic review and meta-analysis.
Intensive Care Med. 2018, 44, 1284-1294. [CrossRef] [PubMed]

Kim, S.E.; Hong, E.P; Kim, H.C,; Lee, S.U.; Jeon, ].P. Ultrasonographic optic nerve sheath diameter to detect increased intracranial
pressure in adults: A meta-analysis. Acta Radiol. 2019, 60, 221-229. [CrossRef] [PubMed]


http://doi.org/10.1056/NEJMoa1707447
http://doi.org/10.1056/NEJMoa1804980
http://doi.org/10.1080/14712598.2021.1889510
http://www.ncbi.nlm.nih.gov/pubmed/33566715
http://doi.org/10.1016/S0140-6736(20)31366-0
http://www.ncbi.nlm.nih.gov/pubmed/32888407
http://doi.org/10.1016/j.bbmt.2018.12.758
http://www.ncbi.nlm.nih.gov/pubmed/30592986
http://doi.org/10.1038/nrclinonc.2017.128
http://www.ncbi.nlm.nih.gov/pubmed/28857075
http://doi.org/10.1038/nrclinonc.2017.148
http://www.ncbi.nlm.nih.gov/pubmed/28925994
http://doi.org/10.1182/bloodadvances.2019000952
http://www.ncbi.nlm.nih.gov/pubmed/32084260
http://doi.org/10.1158/2159-8290.CD-17-1319
http://www.ncbi.nlm.nih.gov/pubmed/29880584
http://doi.org/10.1001/jamaophthalmol.2017.6560
http://www.ncbi.nlm.nih.gov/pubmed/29392301
http://doi.org/10.1007/BF01627611
http://www.ncbi.nlm.nih.gov/pubmed/8983112
http://doi.org/10.1007/s00134-018-5305-7
http://www.ncbi.nlm.nih.gov/pubmed/30019201
http://doi.org/10.1177/0284185118776501
http://www.ncbi.nlm.nih.gov/pubmed/29768927

Hematol. Rep. 2023, 15 8

14. Rubin, D.B.; Danish, H.H.; Ali, A.B.; Li, K;; LaRose, S.; Monk, A.D.; Cote, D.].; Spendley, L.; Kim, A.H.; Robertson, M.S; et al.
Neurological toxicities associated with chimeric antigen receptor T-cell therapy. Brain 2019, 142, 1334-1348. [CrossRef] [PubMed]

15. Siegler, E.L.; Kenderian, S.S. Neurotoxicity and Cytokine Release Syndrome after Chimeric Antigen Receptor T Cell Therapy:
Insights Into Mechanisms and Novel Therapies. Front. Immunol. 2020, 11, 1973. [CrossRef] [PubMed]

16. Cai, C.; Tang, D.; Han, Y,; Shen, E.; Ahmed, O.A.; Guo, C.; Shen, H.; Zeng, S. A comprehensive analysis of the fatal toxic effects
associated with CD19 CAR-T cell therapy. Aging 2020, 12, 18741-18753. [CrossRef] [PubMed]

17.  Guha-Thakurta, N.; Wierda, W.G. Cerebral edema secondary to chimeric antigen receptor T-cell immunotherapy. Neurology 2018,
91, 843. [CrossRef] [PubMed]

18. Schneiderman, H. The Funduscopic Examination. Clinical Methods: The History, Physical, and Laboratory Examinations; Butterworths:
London, UK, 1990.

19. Engelborghs, S.; Niemantsverdriet, E.; Struyfs, H.; Blennow, K.; Brouns, R.; Comabella, M.; Dujmovic, I.; Van Der Flier, W.; Frolich,
L.; Galimberti, D.; et al. Consensus guidelines for lumbar puncture in patients with neurological diseases. Alzheimer’s Dement.
Diagn. Assess. Dis. Monit. 2017, 8, 111-126. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


http://doi.org/10.1093/brain/awz053
http://www.ncbi.nlm.nih.gov/pubmed/30891590
http://doi.org/10.3389/fimmu.2020.01973
http://www.ncbi.nlm.nih.gov/pubmed/32983132
http://doi.org/10.18632/aging.104058
http://www.ncbi.nlm.nih.gov/pubmed/32973124
http://doi.org/10.1212/WNL.0000000000006436
http://www.ncbi.nlm.nih.gov/pubmed/30373920
http://doi.org/10.1016/j.dadm.2017.04.007
http://www.ncbi.nlm.nih.gov/pubmed/28603768

	Introduction 
	Case Report 
	Discussion 
	Conclusions 
	References

