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Abstract  
 
H3K27M-mutant diffuse midline gliomas (DMGs) express high levels of the GD2 disialoganglioside 
and chimeric antigen receptor modified T-cells targeting GD2 (GD2-CART) eradicate DMGs in 
preclinical models. Arm A of the Phase I trial NCT04196413 administered one IV dose of autologous 
GD2-CART to patients with H3K27M-mutant pontine (DIPG) or spinal (sDMG) diffuse midline 
glioma at two dose levels (DL1=1e6/kg; DL2=3e6/kg) following lymphodepleting (LD) 
chemotherapy. Patients with clinical or imaging benefit were eligible for subsequent 
intracerebroventricular (ICV) GD2-CART infusions (10-30e6 GD2-CART). Primary objectives were 
manufacturing feasibility, tolerability, and identification of a maximally tolerated dose of IV GD2-
CART. Secondary objectives included preliminary assessments of benefit. Thirteen patients enrolled 
and 11 received IV GD2-CART on study [n=3 DL1(3 DIPG); n=8 DL2(6 DIPG/2 sDMG). GD2-
CART manufacturing was successful for all patients. No dose-limiting toxicities (DLTs) occurred on 
DL1, but three patients experienced DLT on DL2 due to grade 4 cytokine release syndrome (CRS). 
Nine patients received ICV infusions, which were not associated with DLTs. All patients exhibited 
tumor inflammation-associated neurotoxicity (TIAN). Four patients demonstrated major volumetric 
tumor reductions (52%, 54%, 91% and 100%). One patient exhibited a complete response ongoing 
for >30 months since enrollment. Eight patients demonstrated neurological benefit based upon a 
protocol-directed Clinical Improvement Score. Sequential IV followed by ICV GD2-CART induced 
tumor regressions and neurological improvements in patients with DIPG and sDMG. DL1 was 
established as the maximally tolerated IV GD2-CART dose. Neurotoxicity was safely managed with 
intensive monitoring and close adherence to a management algorithm.  
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INTRODUCTION  
 

Chimeric antigen receptors (CARs) couple an antigen binding domain to T-cell signaling 

domains to redirect T lymphocytes to cancer cells expressing a target of interest. Autologous CAR T-

cells have mediated impressive results in refractory B cell malignancies and plasma cell malignancies 1-

5, but have not demonstrated high rates of sustained antitumor effects in solid cancers or brain tumors 

6-13 with the exception of promising responses in a recent trial of GD2-CAR T cell therapy for 

neuroblastoma14. Differential rates of activity between liquid cancers and solid/brain tumors may 

relate to a dearth of safe targets with high homogenous expression, inadequate T-cell trafficking, 

and/or T-cell dysfunction induced by the tumor microenvironment (TME).   

H3K27M-mutated diffuse midline gliomas (DMGs) chiefly occur in children and young adults 

and originate in midline structures of the nervous system. Patients with pontine DMG (also called 

diffuse intrinsic pontine glioma, DIPG) have a median overall survival of 11 months from diagnosis, 

and 5-year overall survival <1%15-17. Patients with DMGs outside of the brainstem, including the spinal 

cord, have a median overall survival of 13 months16. DIPG is the most common cause of death due 

to brain cancer in children. Palliative radiotherapy is the standard of care. Cytotoxic chemotherapy has 

not improved outcomes to date18. While targeted therapies and immuno-oncology strategies have 

begun to show early promise19-21, outcomes remain dismal.  

We discovered high, uniform expression of GD2, a disialoganglioside, on H3K27M+ DMG 

cells and demonstrated that IV administration of GD2-CART eradicated established DMGs in 

patient-derived orthotopic xenograft mouse models22. We and others also demonstrated increased 

potency and decreased systemic inflammation following intracerebroventricular (ICV) administration 

of CAR T-cells compared to intravenous (IV) administration in preclinical brain tumor models23-26. 

These data provided rationale for this first-in-human/first-in-child Phase 1 clinical trial 

(NCT04196413, Phase 1 Clinical Trial of Autologous GD2 Chimeric Antigen Receptor (CAR) T-cells 
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(GD2-CAR T) for Diffuse Intrinsic Pontine Gliomas (DIPG) and Spinal Diffuse Midline Glioma 

(sDMG). We previously reported antitumor activity and correlative findings from the first three 

patients treated on NCT04196413 Arm A at dose level 1 (DL1) and a fourth who enrolled on trial but 

received therapy via a single patient compassionate IND27. Here we report final clinical results 

following enrollment completion of Arm A, which demonstrate tolerability of 1e6 GD2-CART 

cells/kg IV (DL1) followed by sequential ICV infusions, tumor regressions and, in some cases, 

sustained antitumor effects in patients with DIPG and sDMG.  

 

METHODS 

Trial Design 

Eligible patients were 2-30 years of age with biopsy-confirmed H3K27M-mutated DIPG or 

sDMG, who had completed standard frontline radiotherapy at least 4 weeks prior to enrollment, were 

not receiving corticosteroid therapy and had acceptable performance status (≥ 60 Lansky or 

Karnofsky scores). While patients typically exhibited bulky disease in the brainstem or spinal cord, 

those with bulky disease involving the thalamus or cerebellum were not eligible due to increased risk 

of toxicity of GD2-CART observed with these tumor locations in murine models22. Patients with 

clinically significant dysphagia (as an indicator of significant medullary dysfunction) were also 

ineligible. Detailed eligibility and exclusion criteria are contained in Supplemental Methods 1. The 

clinical trial protocol was approved by the Stanford Institutional Review Board (IRB) and registered 

with ClinicalTrials.gov (NCT04196413). Informed patient or parent consent and child assent were 

obtained.  

Primary objectives were to determine feasibility of manufacturing, assess safety and tolerability 

and identify a maximally tolerated and/or recommended phase 2 dose of IV GD2-CART following 

lymphodepleting chemotherapy in this population. Secondary objectives (detailed in Supplemental 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 27, 2024. ; https://doi.org/10.1101/2024.06.25.24309146doi: medRxiv preprint 

https://doi.org/10.1101/2024.06.25.24309146
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 5 

Methods 2, Section 1) included preliminary assessment of benefit as measured by radiographic 

response on MRI and by clinical improvement.  IV doses were escalated using a 3+3 design, based 

upon the occurrence of dose limiting toxicities possibly, probably, or likely attributed to IV GD2-

CAR T and occurring within 28 days following infusion. DLTs comprised any grade 5 toxicity, grade 

4 cytokine release syndrome (CRS), grade 4 neurotoxicity lasting >96h, new grade 3 neurotoxicity 

lasting > 28d, grade 4 neutropenia or thrombocytopenia lasting >28d, and grade 3 non-hematologic 

toxicity with the exceptions of those detailed in (Supplemental Methods 2, Section 5.4.5). Because 

sDMGs are rare, the protocol allowed safety in the DIPG cohort to inform dose escalation for patients 

with sDMG but given the risk for neurotoxicity related to the location of DIPG, safety in sDMG 

patients did not inform dose escalation for DIPG patients.  

In December 2020, a protocol amendment added a new secondary objective to evaluate safety 

and assess clinical benefit of patients treated with IV GD2-CAR T-cells followed by ICV 

administrations of GD2-CAR T-cells (Supplemental Methods 2). Patients were eligible to receive 

second or subsequent IV or ICV infusions if they showed CR, PR, MR, or SD radiographically on 

MRI, or had evidence for clinical benefit from pre-infusion baseline according to the protocol-

specified clinical neurological exam, and at least 28 days had elapsed since the initial CAR T infusion 

or 21 days from subsequent infusions, circulating CAR T-cell levels were < 5% and toxicity had 

resolved to < grade 2.  Lymphodepletion was not administered prior to ICV infusions.  All subsequent 

infusions were delivered ICV.  

 

GD2-CART Manufacturing and Product Assessment 

GD2-CART were manufactured in the automated CliniMACS Prodigy using a 7-day process 

incorporating IL-7 (Miltenyi Biotec, 12.5 ng/mL) and IL-15 (Miltenyi Biotec, 12.5 ng/mL) as 

illustrated in (Fig. S1a) and detailed in Supplemental Methods 3.  GD2-CART was encoded by a 
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retroviral vector encoding an iCasp9 domain (Bellicum Pharmaceuticals, Inc.) and GD2.4-1BB.CD3z 

CAR separated by a P2A ribosomal skip sequence (Fig. S1b).   

 

Supportive Care, Toxicity Monitoring and Management 

Patients received standard supportive care for seizure prophylaxis, immunosuppression 

associated with lymphodepleting chemotherapy, CRS and immune effector cell acute neurotoxicity 

syndrome (ICANS) as detailed in Supplemental Methods 4. Neurotoxicity that was distinct from 

ICANS and attributable to local tumor inflammation was designated tumor inflammation-associated 

neurotoxicity (TIAN)23, 28 and graded using NCI CTCAEv5.0. To mitigate risks associated with TIAN,  

we implemented a toxicity monitoring and management algorithm that i) placed Ommaya catheters 

or similar devices for intracranial pressure monitoring and potential treatment of hydrocephalus in all 

patients ii) incorporated sequential neurological exams and scheduled and symptom-prompted 

intracerebral pressure monitoring, iii) prescribed measures to lower elevated ICP (positioning, 

hypertonic saline (3%), CSF removal) in patients with documented elevated ICP and iv) administered 

anakinra and corticosteroids in patients with significant neurologic toxicity (detailed in Supplemental 

Methods 4).  

 

Response Assessment and Correlative Studies 

Clinical response was assessed using the Clinical Improvement Scores (CIS)27 generated via 

protocol-directed neurological examinations performed by a neuro-oncologist at prescribed times 

following GD2-CAR T-cell administration. The CIS represents a simple quantification of the 

neurological exam, which added or subtracted one point for each symptom/sign that improved or 

worsened respectively from the patient’s pre-infusion baseline exam (Supplementary Methods 5). 

For patients who received corticosteroid therapy for toxicity management, CIS scoring was deferred 
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until at least 7 days after corticosteroid discontinuation. Radiographic responses were assessed with 

MRI scans of the brain and/or spinal cord with and without gadolinium. Because DMGs are diffusely 

infiltrative of CNS structures and difficult to measure in linear dimensions, volumetric segmentation 

of tumor corresponding to abnormal T2 signal was performed by a neuroradiologist to measure 

radiographic change in tumor volume, consistent with RANO 2.0 recommendations29.  Peripheral 

blood and CSF samples were collected prior to and following IV and ICV infusions to measure 

cytokine/chemokine levels, GD2-CART persistence, and cell-free tumor DNA (ctDNA), as 

previously described27. 

 

Statistical Analysis 

Sample size estimation was based on clinical considerations and the Phase I 3+3 design. The 

targeted DLT rate was at ≤30%. All patients who enrolled into Arm A and received one infusion of 

GD2-CAR T-cells were included in the analysis. Descriptive statistics were used to summarize baseline 

patient and disease characteristics, toxicity data, correlative and clinical outcomes. Tumor response 

rate was estimated using the binomial distribution. Overall survival was measured from date of 

diagnosis to date that event occurred or censored at time of data cut-off. Survival probability was 

estimated using the Kaplan-Meier method30. The confidence interval of median survival time was 

constructed by the method of Brookmeyer-Crowley 31. All comparisons made in correlative outcomes 

were exploratory and no adjustments were made for multiple comparisons. Statistical analyses were 

conducted using Prism software.  

 

Results 

Demographics 
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Enrollment began in June 2020 and the data cutoff was December 1, 2023.  A consort diagram 

is shown in Fig. S2. Characteristics of the thirteen enrolled patients are shown in Table 1. Median 

age was 15 yrs (range 4-30 yrs), and seven patients were female. Ten patients had DIPG and three had 

sDMG. The H3K27M mutation was demonstrated in biopsies from all tumors by 

immunohistochemistry or DNA sequencing. Median time from diagnosis to enrollment was 5.0 mos 

(range 3.9-11.6). Eight patients had disease progression or pseudoprogression on MRI imaging at 

enrollment, while five did not have documented progression at enrollment. Two patients (Patients 

002 and 011) were removed from study prior to treatment due to rapid tumor progression and a 

decline in performance status rendering them ineligible to protocol-directed therapy. 

 

Manufacturing feasibility and characterization of cell products 

All enrolled patients had GD2-CART products successfully manufactured that met IV or ICV 

dose levels. Mean manufacturing duration was 7 days.  The median time from enrollment to IV GD2-

CART infusion was 22.9 days (range: 15-38) days. Products demonstrated a mean fold-T cell 

expansion of 21.97 (range 12.16 -28.06), mean percent viability of 93.51 (range 86.8-96.9), mean 

transduction efficiency of 57.27 (range 21.63 – 83.80) (Supplemental Table 1), and mean vector 

copy number per cell (VCN/CAR+ cell) of 3.17 (range 0.84 – 7.2)(Fig. S3C,D).  Detailed GD2-

CART phenotypic composition revealed a predominance of central memory T cells (Fig. S1C-F) and 

functional assessment demonstrated GD2-specific reactivity (Fig. S3A,B).   

 

Treatment Received and Toxicity 

Of eleven patients who received one IV GD2-CART infusion, nine experienced clinical or 

imaging benefit on MRI and received additional ICV infusions as noted in Table 1 (n=4 median, 

range 1-16 infusions) administered over 1 to 29.4 months. Incidence and grade of CRS, ICANS and 
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TIAN following each IV and ICV infusion is shown in Fig 1a, Table 2,  Table S2 and S3.  Following 

IV GD2-CART, all patients experienced CRS, with 1 of 3 patients on DL1 experiencing grade 2 CRS, 

6 of 8 patients on DL2 experiencing ≥ grade 2 CRS and 3 patients experiencing DLT attributed to 

grade 4 CRS (Table 2). After IV GD2-CART, we observed ICANS in one of three patients at DL1 

(grade 2) and 4 of 8 patients at DL2 (n=1 grade 3, n=3 grade 1). Based upon these results, we identified 

DL2 (3 x 10e6 GD2-CART/kg) as exceeding the maximally tolerated dose for IV administration in 

patients with DIPG/DMG. Among 62 ICV infusions, no DLTs occurred. Forty-one ICV infusions 

(66%) were associated with no CRS.  Among 19 ICV infusions associated with CRS, most were low 

grade (n=16 Grade 1, n=4 infusions in 2 patients Grade 2, n=1 Grade 3 in the context of urosepsis 

in a patient with sDMG) (Table 2). No ICANS was observed following ICV infusions.   

We observed TIAN in 91% of patients following IV infusion and 100% of patients following 

the first ICV infusion. The TIAN grade typically diminished with subsequent infusions (Fig. 1a). 

Forty-four ICV infusions (71%) were associated with TIAN. Nine of 9 (100%) patients with DIPG 

developed TIAN following IV GD2-CART (n=2 grade 4, n=3 grade 3, and n=4 grade 2), and 67% 

of patients with DIPG developed TIAN following ICV GD2-CAR T-cell infusions (n=29/43 

infusions with TIAN:  grade 4 n=1, grade 3 n=3, grade 2 n=9, grade 1 n=16). TIAN reversed in all 

patients following treatment according to our toxicity management algorithm and no patient 

experienced a DLT due to TIAN.  In one sDMG patient, high-grade communicating hydrocephalus 

was observed during peak tumor inflammation. The agent available to ablate the CAR T cells via 

induction of caspase-9, AP1903, was not administered to any patients treated on Arm A.  

 

Response 

Experience with the first three patients enrolled suggested a hypothesized risk of progression 

approximately 2-3 months following IV infusion27, including Patient 003 who showed an impressive 
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response to IV infusion, followed by progression at approximately Day 70, which responded to ICV 

infusion. Based upon this experience, beginning with Patient 004, the protocol was amended to allow 

patients with clinical or imaging benefit following IV infusion to receive sequential ICV infusions.  

Patients were eligible to receive ICV infusions every 1-3 months as long as they had experienced stable 

disease or clinical or imaging benefit from enrollment.  

Several patients exhibited reduction in tumor size following GD2-CART, with maximal 

volumetric change in tumor size for each patient shown in Fig 1b and overall survival from time of 

diagnosis to trial enrollment, and from first GD2-CART administration to time off trial, death, or the 

data cutoff shown in Fig 1c. Patient 010 with DIPG who was enrolled with evidence of progression 

or possibly peudoprogression by imaging following completion of upfront radiotherapy demonstrated 

complete response by MRI imaging sustained for >30 months following enrollment and ongoing at 

the time of data cutoff (Fig 1b, 2a,b). Patient 006 (sDMG) demonstrated 91% reduction in tumor 

volume (Fig 1b, 3a,b). Changes in tumor volume over time for additional patients is shown in Fig 

S4a.  

Clinical improvements as measured by changes in CIS were also observed (Supplemental 

Table 4, Fig S7). In general, clinical improvement coincided with tumor response on MRI (Fig 2C, 

Fig 3C). For example, prior to first infusion, patient 006 (sDMG) had severe paraplegia, neuropathic 

pain, and bowel and bladder dysfunction. At the time of her best overall response (>90% tumor 

reduction), she experienced full bowel and bladder continence, markedly improved pain, and 

improved lower extremity function enabling ambulation with a cane. Similarly, patient 010 (DIPG) 

required assistance with gait at enrollment (used a wheelchair for longer distances), but experienced a 

complete response by imaging accompanied by significant clinical improvement, including improved 

left-sided hearing, hemifacial, hemibody and taste sensation, improved motor coordination, and 

improved gait to the point of independent ambulation. For two patients, however, the relationship 
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between radiographic findings on MRI and clinical improvement was not direct, with patient 007 

demonstrating sustained clinical improvement without significant radiographic MRI changes and 

patient 005 demonstrating significant improvement in tumor size on MRI without obvious clinical 

benefit (Fig. S4a, Fig. S7, and Table S4). Median OS for patients treated on Arm A was 20.6 months 

from diagnosis, with 2 patients with DIPG alive and followed after data cutoff (patient 007: length of 

follow-up 33.5 mos and patient 010: length of follow-up 30.9 mos). For patients with DIPG, the 

median OS was 17.6 months and for sDMG the median OS was 31.96 months (Fig. S4B); 

comparison to historical controls is not possible in this study due to the highly selected nature of the 

trial cohort.  

 

Correlative findings 

Peripheral blood demonstrated GD2-CART expansion following IV infusion to levels similar 

to that seen in other active CAR T trials32-34, which persisted during ICV infusions (Figs 2C, 3C, S5A) 

but decreased over time. CSF also exhibited GD2-CART expansion after multiple repeated infusions 

(S5B) Patient 006 (Fig 3C) and Patient 009 (Fig. S4a,S5A) experienced loss of detectable GD2-

CART in the peripheral blood, as measured by PCR, temporally correlated with clinical and/or 

imaging progression (Table S4). Increased cytokine/chemokine levels were present in peripheral 

blood following IV GD2-CART, whereas cytokine/chemokine levels were more pronounced in CSF 

following ICV GD2-CART, and we observed that sequential ICV CAR T-cell infusions induced 

sequential, transient elevations in CSF cytokine/chemokine levels (Fig. 2D, 3D, S6). Cell-free tumor 

DNA (ctDNA) in CSF as measured by digital droplet PCR (ddPCR) demonstrated decreased 

H3K27M mutations/mL CSF in some patients associated with tumor regression, and increased levels 

at times of peak inflammation or when patients experienced clinical and/or imaging progression (Fig 

2C, 3C, S5A). Taken together, these data demonstrate evidence for sustained expansion and 
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persistence of GD2-CART in the blood of patients with DIPG and sDMG associated with clinical 

and biological evidence of antitumor activity and begin to identify potential contributors to or 

correlates of loss of durable response in patients. 

 

Discussion 

Recent advances in fundamental understanding of DMG have begun to translate to clinical 

advances19-21,35-37. The present study establishes GD2-CAR T-cell therapy as a promising modality for 

a historically lethal CNS cancer. The rate of clinical improvements and tumor regressions on MRI 

imaging, including a complete response by RANO 2.0 criteria sustained for over 30 months and 

through the time of this report, is reason for cautious optimism, both for DIPG/sDMG therapy and 

more broadly for CAR T-cell therapy of solid tumors. Therapeutic activity was clearly demonstrated 

in several patients based upon tumor regression by imaging and improvements in neurological 

symptoms.  Whether GD2-CAR T cell therapy favorably impacts overall survival is difficult to discern 

given that the eligibility criteria excluded patients with lower performance status, the need for steroid 

therapy, bulky thalamic or cerebellar tumor involvement, and other factors. In addition, multiple 

patients demonstrated MAPK pathway and ATRX/DAXX mutations, which can be associated with 

relatively longer survival38 and more localized disease39.  Effects of GD2-CAR T cell therapy on overall 

survival will need to be assessed in a future phase II trials.  

Cytokine release syndrome was dose-limiting following IV infusion of GD2-CART for 

DIPG/DMG. In contrast, CRS did not commonly complicate ICV infusions. Unexpectedly, ICANS 

was relatively rarely seen, and observed only after IV administration, but not with ICV infusions 

despite the higher levels of cytokines/chemokines evident in CSF after ICV GD2-CART infusions. 

Inflammation of neural structures can cause edema with consequent mechanical complications such 

as obstruction of CSF flow, and immune signaling can also affect neuronal function. Concordantly, 
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varying grades of TIAN28 occurred commonly, as would be expected with inflammation of tumors 

located in structurally constrained and functionally eloquent neuroanatomical areas such as the 

brainstem and spinal cord. TIAN was transient and manageable with intensive support. The observed 

decrease in TIAN severity with repeated infusions is notable and could be due to decreased tumor 

burden with repeated infusions, increased immune-modulatory or immune-suppressive mechanisms 

at play in the tumor microenvironment, or both. 

Given the promising results noted on Arm A but with dose-limiting CRS following IV 

administration at high dose levels, we have now initiated Arms B and C, to test ICV-only 

administration with and without lymphodepleting chemotherapy. Given the burden of monthly 

infusions on the patient, we have also included formalized assessment of quality of life and patient-

reported outcomes to Arms B and C. Ongoing and future work will define the best route of 

administration, the role of lymphodepleting chemotherapy, and possible combination strategies to 

optimize this promising therapy to achieve more complete and durable responses for children and 

adults with H3K27M-mutated diffuse midline gliomas. 
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Figure 1 

 

Figure 1. Toxicity and response measures  

a) The number of patients experiencing CRS (left graph), ICANS (middle graph) and TIAN (right 

graph) following each GD2-CAR T infusion is shown. Grade of maximal toxicity indicated by color 

as shown in the legend. Infusion 1 was administered IV, while infusions 2-13 were administered ICV.  
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b) Waterfall plot depicting maximal volumetric change in tumor volume from baseline obtained prior 

to first infusion.  Asterisks (*) indicate those patients with documented disease progression at the time 

of first CAR T infusion. Black = DIPG patients treated at DL1, white = DIPG patients treated at 

DL2, hatched marks = spinal DMG patients treated at DL2. 

c) Swimmer’s plot depicting patient survival. Each bar represents the time from diagnosis to first 

treatment (yellow), time on trial (blue) until death (red dot) or data cutoff for individual patients. The 

time interval following removal from study for disease progression to death is depicted in grey.  

Vertical marks indicate each ICV infusion. Asterisks indicates time of trial enrollment, with first 

treatment indicated by the y-axis at time 0. Pause in infusions for focal therapy was allowed per 

protocol, and two patients (Patients 006 and 009) received re-irradiation late in their course, as 

indicated by orange diamond. Imaging and clinical benefit in Patients 003 and 004 was previously 

reported27; please note when comparing this report with the previous report27 that Patient 003 here = 

“DIPG Patient 2” in the previous report27 and Patient 004 here= “DIPG Patient 3” in the previous 

report27 . 
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Figure 2 

 

Figure 2. Patient 010 therapeutic response and correlative findings 

a) T2-weighted, axial MRI images of tumor at levels of the midbrain, pons and medulla at baseline, 3 

months, 5 months, 16 months and 29 months following first infusion. Red arrowheads indicate T2 

signal abnormality. At baseline, extensive tumor involving the midbrain (left > right), pons and 

medulla is evident. Note the mass obscuring the fourth ventricle at baseline that resolves by 3 months, 

revealing the fourth ventricle. At 3 months, return of CSF around the brainstem is evident as the size 

of the brainstem normalizes, and the T2 signal normalizes throughout much of the brainstem. At 3 

months, T2 signal abnormality likely representing tumor remains around the area of the biopsy tract 

in the pons (red arrowhead), and resolves by 5 months. At 5, 16, and 29 months, the arrowheads show 
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stable T2 signal abnormality of left-sided pontine biopsy tract and stable area of subtle T2 

hyperintensity of unclear significance in the medulla. (As is standard for axial MRI images, the patient’s 

left is the reader’s right). 

b) Tumor volume as a function of days following first GD2-CAR T infusion. 

c) Overlay of clinical change, CAR T-cell persistence and tumor cell-free DNA.  

Clinical improvement is depicted as a bar at the top of the panel, with red indicating clinical worsening 

from baseline and green indicating clinical improvement from baseline. This patient experienced 

transient worsening of symptoms followed by clinical improvement from pre-treatment baseline.  

CAR T-cell persistence evident in blood, as measured by qPCR of the CAR construct, is shown in 

blue data points (left y-axis). Cell-free tumor DNA in CSF, measured as H3K27M mutations detected 

by ddPCR, is shown in red data points (right y-axis). GD2-CAR T infusions indicated as dotted vertical 

lines.  

d) CSF cytokine levels after each infusion, expressed as log fold change from baseline prior to the first 

infusion.  
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Figure 3 

 

Figure 3. Patient 006 therapeutic response and correlative findings  

a) T2-weighted, sagittal (left) and axial (right) MRI images of spinal cord tumor a at baseline, 2 months, 

6 months and 9 months following first infusion. Red outline indicates T2 signal abnormality (tumor). 

At baseline, tumor centered at T11/12 spinal level diffusely involves the spinal cord and expands the 

cord to fill the entire spinal canal, with no CSF visualized around cord.  The tumor infiltration of the 

spinal cord progressively improves until the cord is of normal caliber and the T2 signal abnormality is 

minimal (red arrow). 

b) Tumor volume as a function of days following first GD2-CAR T infusion. 

c) Overlay of clinical change, CAR T persistence and tumor cell-free DNA.  
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Clinical improvement is depicted as a bar at the top of the panel, with green indicating clinical 

improvement from baseline and green hatched indicating improvement from pre-treatment baseline 

but worsened from peak improvement, but still improved from pre-treatment baseline. CAR T-cell 

persistence in blood, as measured by qPCR of the CAR construct, is shown in blue circles (left y-axis). 

Cell-free tumor DNA in CSF, measured as H3K27M mutations detected by ddPCR, is indicated by 

red squares (right y-axis). GD2-CAR T infusions indicated as dotted vertical lines. Note that as CAR 

T-cells become undetectable in blood by qPCR, cell-free tumor DNA elevates. This inflection point 

correlates with the beginning of disease progression.   

d) CSF cytokine levels after each infusion, expressed as log fold change from baseline prior to the first 

infusion.  
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             Table 1. Patient Demographics and GD2-CAR T-Cell Infusions Received 
UPN Age 

bracket/ 
Sex 

Disease Histone 
Mutatio
n 
 

Other Known 
Mutations and 

Molecular 
Aberrations  

At Enrollment IV ICV 
Mos 
since 
Dx 

Mos 
since 
end 
of 
XRT 

Post-
XRT 
Progre
ssion 

Dose  
(x10
6/kg)    

Dose 
(x10
6) 

# 
doses 

001 11-15/F DIPG H3.3H27
M 

TP53, KIT 
amplification, MET 
amplification, and NBN 
rearrangement 
 

9.9 8 Yes 1  n/a 0 

003* 21-25/M DIPG H3.3H27
M 

TP53, ATRX, RB1  
 

15.5 12.5 Yes 1 30 4 

004* 0-5/F DIPG H3.3H27
M 

TP53, DAXX 
rearrangement 
 

13.3 11.5 No 1 30 2 

005 11-15/F DIPG H3.3H27
M 

NF1and PIK3CA  
 

4.5 1.6 No 2 30 4 

006 26-30/F DMG H3K27M
& 

From cell-free tumor 
DNA in CSF: 1. TP53,  
BRCA1, NBN,  NF1, 
MGA rearrangement, 
CASP8 rearrangement, 
RAF1 rearrangement: 
 

5.1 1.5 Yes 2 30 8 

007 0-5/F DIPG H3.3K27
M 

KDM5A, PTEN  4.1 2 No 2 10, 
30, 
50 

16 

008 16-20/M DIPG H3K27M
& 

TP53 
 

4.6 2 Yes 2 30 1 

009 26-30/M DMG H3K27M
& 

patchy ATRX 
expression 

5.7 1.6 Yes 2 10, 
30 

11 

010 16-20/M DIPG H3.3K27
M 

NF1 4.1 1.5 Yes 2 30, 
50 

15 

012 11-15/F DIPG H3.3K27
M 

TP53, FANCM, 
MYD88, TSC2  
 

3.9 1 No 2 30 1 

013 6-10/M DIPG H3.3K27
M 

TP53  
 

4.9 2 Yes 2  0 

 
&determined by IHC; Patients 003 and 004 were previously reported as “DIPG Patient 2” and “DIPG Patient 3”, 
respectively, in Majzner et al., 202227. Note that Patients 002 and 011 became ineligible after enrollment and before 
infusion; Patient 002 was treated on an eIND and was reported as “spinal cord DMG patient #1” in Majzner et al., 
202227. 
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Table 2. Maximum Toxicity Grades After GD2-CAR T Therapy  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Abbreviations: IV: intravenous, ICV: intracerebroventricular, CRS: cytokine release syndrome, ICANS: immune effector cell-
associated neurotoxicity, TIAN: tumor inflammation-associated neurotoxicity  
 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 IV DL1 
n=3 infusions 

IV DL2 
n=8 infusions 

ICV 
n=62 infusions 

 
CRS  
 

 
n=3 (100%) 

 
n=8 (100%) 

 
n=21 (42%) 

    Grade 1 2 (66.7%) 2 (25%) 16 (76.2%) 
    Grade 2  1 (33.3%)  2 (25%) 4 (19%) 
    Grade 3 0 (0%) 1 (12.5%) 1 (4.8%) 
    Grade 4 0 (0%) 3 (37.5%) 0 (0%) 
 
ICANS 

 
n=1 (33.3%) 

 

 
n=4 (50%) 

 
n=0 (0%) 

    Grade 1 0 (0%) 3 (75%) 0 (0%) 
    Grade 2  1 (100%) 0 (0%) 0 (0%) 
    Grade 3 0 (0%) 1 (25%) 0 (0%) 
    Grade 4 0 (0%)            0 (0%) 0 (0%) 
 
TIAN 
 

 
n=3 (100%) 

 
n=7 (87.5%) 

 
n=44 (71%) 

    Grade 1 0 (0%) 1 (14.3%) 7 (16%) 
    Grade 2 2 (66.7%) 2 (28.6%) 12 (27%) 
    Grade 3 0 (0%) 3 (42.9%) 7 (16%) 
    Grade 4 1 (33.3%) 1 (14.3%) 1 (2.3%) 
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Supplemental Figure 1 

 
 
Supplemental Figure 1.  CAR T manufacturing process and drug product characterization 
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a. GD2-CART manufacturing workflow from patient apheresis collection to final drug product 

harvest across 7 days. b. Schematic representing GD2.4-1BB.CD3𝜁 CAR containing 14G2α binding 

domain, CD8α hinge and transmembrane (TM) domain, 4-1BB co-stimulatory domain, and a CD3𝜁 

domain. c. Flow cytometric immunophenotyping of apheresis, CD4+/CD8+ enriched cells, and final 

drug product demonstrates a predominance of CD3+ T-cells and depletion of other subsets.  d. The 

CD4:CD8 ratio was 1.63 ± 1.19 (SD) at apheresis, and 2.48 ± 0.06 (SD) in the GD2-CART final drug 

product. e. Phenotyping of T-cell subsets shows a predominance of central memory (CM) T-cells 

(CD45RA-CCR7+), followed by effector memory (EM) cells (CD45RA-CCR7-), in both CD8+ (left) 

and CD4+ (right) subsets in the final drug product.  f. Exhaustion marker expression on CAR+ and 

CAR- populations reveal no significant differences in CD39, LAG3, and TIM3 expression, while a 

significantly greater percentage (p < 0.0001, unpaired t-test) of CAR+ cells express of PD-1.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 . CC-BY-NC-ND 4.0 International licenseIt is made available under a 
 is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity. (which was not certified by peer review)

The copyright holder for this preprint this version posted June 27, 2024. ; https://doi.org/10.1101/2024.06.25.24309146doi: medRxiv preprint 

https://doi.org/10.1101/2024.06.25.24309146
http://creativecommons.org/licenses/by-nc-nd/4.0/


 

 28 

Supplemental Figure 2: CONSORT diagram 
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Supplemental Figure 3 

 

Supplemental Fig. 3. Functional assessment of GD2-CAR T-cells in vitro.   

a. Inset: GD2 expression on NALM6-GD2 cell line showing 38,379 and 0.5 molecules per cell, for 

stained (red) and unstained (blue) populations, respectively.  CAR T-cell reactivity to NALM6-GD2 
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tumor cells measured by intracellular cytokine secretion (ICS) shows upregulation of CD69, CD107a 

and secretion of interferon-γ (IFNγ), interleukin-2 (IL-2) and tumor necrosis factor-α (TNFα). b.  

Incucyte based cytotoxic activity (E:T 1:1), showed that each patient drug product-controlled tumor 

cell growth within 96 hours of co-culture.  c. Transduction efficiency for each patient product plotted 

as a function of VCN per CAR+ cell (R2 = 0.1910). d. No significant difference (p < 0.05, unpaired t-

test) was observed in GD2-CAR transduction efficiency when manufacturing runs were executed 

using fresh or frozen patient apheresis material.  e. CAR mean fluorescence intensity (MFI) values for 

CAR T cell expression. 
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Supplemental Figure 4 

 

Supplemental Figure 4. Tumor volumetric change over time and overall survival 

a. Tumor volume as a function of days following first GD2-CART infusion is shown using the same 

methods used in Fig 2 and 3.  Red dots represent timing of measurements; dashed line denotes IV 

GD2-CART infusion; dotted lines denote ICV GD2-CART infusions. Volumetric data for patients 1, 

3 and 4 were presented previously in 27, denoted in that report as DIPG Patient #1, DIPG Patient #2 
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and DIPG Patient #3, respectively. Volumetric data for patients 6 and 10 are presented in Figures 2 

and 3.  

b. Kaplan-Meier survival curves depicting time from diagnosis to death or data cutoff for all patients 

(left graph) and those patients with DIPG (right graph, excluded the two patients with spinal cord 

DMGs). 
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Supplemental Figure 5. 
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Supplemental Fig. 5. GD2 CART levels in blood and CSF, and tumor cell free DNA in CSF 

a. GD2-CAR T copy number was detected using a validated qPCR method and based on a 

standard curve for CD2-CAR. The average CAR T copy number were normalized to average 

albumin copies by plate. Copies per 100 ng DNA were depicted as mean ± standard deviation 

is depicted in blue. We quantified the H3K27M mutation copies per ml of cell free CSF using 

the ddPCR protocol established previously 27 depicted in red rectangles are the average of 

quadruplicate mutation number/ml ± standard deviation is depicted in red. The dashed 

vertical lines designate infusion time points. Bold designates the initial infusion. 

b.  Percent of CD3+ T cells in CSF that are GD2-CAR T cells. Flow cytometry (FACS) for 

GD2-CAR, using an anti-idiotype antibody, demonstrated presence of GD2-CAR T-cells in 

patient CSF following CAR T-cell infusions in CSF samples available for CAR-FACS 

assessment. 
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Supplemental Figure 6  
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Supplemental Fig 6: Plasma cytokine and CSF cytokines levels following GD2-CART 

infusions 

Absolute values of inflammatory cytokines in pg/mL as a function of days following first GD2-CAR 

T infusion. Each individual plot represents the indicated cytokine in pg/mL as a function of days 

following first GD2-CAR T infusion in the indicated patient. Plots are organized by patient in columns 

and cytokine in rows. Each point represents the mean of technical duplicate for samples performed 

in technical duplicate or a single measurement. Error bars representing standard error of the mean 

(SEM) are displayed for samples run in technical duplicate. Dotted vertical lines represent day of an 

infusion. Values below the LLOQ (lower limit of quantification) are shown at the LLOQ. Values 

above the ULOQ (upper limit of quantification) are shown at the ULOQ and denoted by an asterisk. 

 

Each individual plot represents the absolute level of the indicated cytokine in pg/mL as a function of 

days following first GD2-CAR T infusion in the indicated patient. Plots are organized by patient in 

columns and cytokine in rows. Each point represents the mean of technical duplicate for samples 

performed in technical duplicate or a single measurement. Error bars representing standard error of 

the mean (SEM) are displayed for samples run in technical duplicate. Dotted vertical lines represent 

day of an infusion. Values below the LLOQ (lower limit of quantification) are shown at the LLOQ. 

Values above the ULOQ (upper limit of quantification) are shown at the ULOQ and denoted by an 

asterisk. 
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Supplemental Fig 7 

 

Supplemental Fig 7: Clinical Improvement Scores. The clinical improvement scale (CIS) is simple 

tool to quantify changes in the neurological exam27 in which each item tested in a comprehensive 

neurological exam is assigned one point if improved, and -1 point if worse than pre-infusion baseline 

for each infusion. Clinical improvement scores are assessed one month after each infusion, and 

compared to the pre-infusion baseline for that infusion. Each GD2-CAR T-cell infusion is treated 

independently, such that the changes reported compared to the pre-infusion baseline for that infusion.  

A score of zero (represented as white here) means that there was no clinical change, or that there was 

an equal number of improved and worsened symptoms/signs following that infusion. Please note 

that, because the score reflects change after a given infusion, neurological improvement after a 

previous cycle, with continued benefit but no further improvement, would be annotated with white 

(no change) in this heatmap. Similarly, improvement in one domain with decreased function in another 

domain, would also be annotated with white (no change) in this heatmap.   Green = better than pre-

infusion baseline for that infusion, red = worse than pre-infusion baseline for that infusion.  
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Supplemental Tables  

Supplemental Table 1 GD2-CAR T drug product phenotypic composition, viability, and 
transduction efficiency  

  

Subject ID Disease CD3+ (%) T Cells (%) CD4+ (%) CD8+ (%) CD4+CD8+ (%) NKT (%) Monocytes (%) B Cells (%) Neutrophils (%) Eosinophils (%) NK Cells (%) Viability (%)
Final Product 

CAR+ (%)

Subject-001:1 DIPG 98.25 94.66 77.02 15.58 1.61 3.52 0.00 0.80 0.01 0.15 0.08 95.20 34.11
Subject-002:1 DMG 98.64 94.97 81.57 8.69 3.74 3.67 0.00 0.23 0.01 0.09 0.24 96.00 63.61
Subject-003:1 DIPG 99.47 96.65 85.21 8.24 2.81 2.71 0.00 0.11 0.00 0.06 0.06 94.90 83.80
Subject-003:2 DIPG 99.39 96.47 64.72 23.71 7.74 2.92 0.00 0.05 0.01 0.05 0.04 96.90 39.91
Subject-004:1 DIPG 99.72 97.67 86.21 7.56 3.05 2.01 0.00 0.01 0.00 0.04 0.01 95.00 72.76
Subject-004:2 DIPG 99.09 95.67 56.53 34.84 1.54 3.42 0.00 0.00 0.00 0.24 0.05 86.80 59.87
Subject-005:1 DIPG 99.28 96.02 61.52 28.53 5.56 3.23 0.00 0.06 0.00 0.02 0.12 94.30 65.92
Subject-005:2 DIPG 97.32 94.64 87.50 4.73 1.92 2.68 0.00 0.18 0.00 0.13 0.09 92.80 75.87
Subject-006:1 DMG 99.57 97.84 64.41 27.16 5.85 1.69 0.00 0.01 0.00 0.06 0.06 95.40 56.47
Subject- 006:3 DMG 99.47 89.10 59.47 24.26 4.53 10.37 0.00 0.02 0.01 0.05 0.06 93.50 44.50
Subject-007:1 DIPG 99.09 93.81 59.95 25.64 7.25 5.29 0.00 0.03 0.00 0.06 0.02 91.50 51.72
Subject-007:2 DIPG 99.38 96.47 80.28 11.01 3.97 2.92 0.00 0.02 0.00 0.02 0.07 91.70 21.63
Subject-008:1 DIPG 99.25 95.95 66.69 21.56 7.13 2.06 0.00 0.02 0.00 0.03 0.16 94.80 53.08
Subject-009:1 DMG 99.11 98.14 72.36 21.82 3.72 0.94 0.00 0.00 0.00 0.13 0.07 93.90 58.67
Subject-009:2 DMG 99.31 98.23 75.98 17.04 4.74 1.06 0.00 0.00 0.00 0.02 0.10 91.00 49.39
Subject-010:1 DIPG 99.47 98.56 79.23 13.82 5.12 0.89 0.00 0.09 0.00 0.03 0.07 88.90 79.45
Subject-010:3 DIPG 99.29 96.65 89.35 4.82 1.85 2.58 0.00 0.09 0.00 0.07 0.10 94.30 77.19
Subject-012:2 DIPG 99.66 94.09 63.00 28.29 2.62 5.57 0.00 0.03 0.00 0.02 0.05 95.60 56.35
Subject-013:1 DIPG 99.36 95.20 65.24 25.29 4.49 4.09 0.00 0.01 0.00 0.08 0.03 94.20 60.36
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Supplemental Table 2: CRS, ICANS and TIAN Grading and Management Following IV 
Infusions 

Subject Dose Max 
CRS 
grade 

Max 
ICANS 
grade 

Max 
TIAN 
grade 

TIAN description* TIAN 
management 

001 DL1 

1 2 4 

Increased ICP to 22 cm H20 
(somnolence, worsening of 
baseline CN VI palsies, 
dysarthria, ataxia and new 
CN VII palsy, diplopia, 
hemiparesis, extensor 
posturing), impending 
herniation  

dexamethasone, 
continuous CSF 
removal through 
butterfly needle 
in Ommaya 
intermittently 
for four days, 
hypertonic 
saline (3%), 
anakinra   

003 DL1 

2 0 2 

Transient worsening of 
baseline deficits, including 
trismus and sensory and 
hearing loss  

anakinra    

004 DL1 
1 0 2 

Transient worsening of 
baseline ataxia  

anakinra   

005 DL2 

4 0 3 

Temporary right 
diaphragmatic paralysis and 
worsening of baseline 
orthostatic hypotension  

CPAP, 
vasopressor 
support, 
dexamethasone, 
anakinra 

006^ DL2 

3 1 1 

Severe back pain, worsening 
paresthesias 

anakinra, 
dexamethasone, 
pain 
medications,  

007 DL2 

2 1 3 

Increased ICP to 24 cm H20 
(somnolence, truncal 
weakness, worsening of 
baseline right upper extremity 
weakness, ataxia and 
dysarthria)  

Continuous CSF 
removal through 
butterfly needle 
in Ommaya for 
two days, 
dexamethasone, 
anakinra   

008 DL2 

1 1 3 

Nausea, vomiting, vertigo, 
altered mental status, 
increased CN VI and CN VII 
palsy and R-sided weakness 
from baseline, small 
intratumoral/intraventricular 
hemorrhage  

dexamethasone, 
anakinra    

009^ DL2 4 3 0   
010 DL2 

2 0 2 

Increased ICP to 19 cm H20, 
blurry vision, arm 
paresthesias, ataxic gait  

CSF removal 
with therapeutic 
tap, anakinra   

012 DL2 
1 0 2 

Increased CN III, CN VI, and 
CN VII palsies from baseline  

anakinra   

013 DL2 4 0 4 Increased ICP to 33 cm H20, 
increased dysarthria, ataxia, 
CN VII palsy from baseline  

Initially 
continuous CSF 
removal through 
butterfly needle 
for two days, 
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then endoscopic 
third 
ventriculostomy, 
dexamethasone, 
anakinra   

 
Abbreviations: ICP (intracranial pressure), CSF (cerebrospinal fluid), CPAP (continuous airway pressure), CN 
(cranial nerve) 
^ spinal cord diffuse midline glioma 
*All patients experienced headache as part of TIAN 
 
 
 
 
Supplemental Table 3. CRS, ICANS and TIAN Grading and Management Following ICV infusions 
 

Subject Dose Max CRS 
grade 

Max 
ICANS 
grade 

Max 
TIAN 
grade 

TIAN 
description* 

TIAN 
management 

003 30e6 

1 0 4 

Increased ICP to 
34.6 cm H20 
(somnolence, new 
CN III palsy) with 
concerns for 
impending 
herniation 

Continuous CSF 
removal through 
butterfly needle 
in Ommaya for 
two days, 
hypertonic saline 
(3%), anakinra, 
dexamethasone 

003 30e6 

2 0 3 

Increased ICP to 
25 cm H20, 
altered mental 
status, worsening 
of baseline 
esotropia, CN VII 
palsy, trismus, 
right-sided 
weakness, 
spasticity, hiccups 
 

CSF removal 
through ICV and 
pontine cyst 
Ommaya, intra-
Ommaya 
hydrocortisone, 
anakinra 

003 30e6 

0 0 2 

Truncal weakness 
with decreased 
sensation  

 

003 30e6 

2 0 2 

Anisocoria, 
worsening of 
baseline CN V 
palsy, dysarthria, 
dysphagia, R 
sided weakness 

anakinra  

004 30e6 

0 0 1 

 Supportive 
headache 
management 

004 30e6 0 0 0   
005 30e6 

0 0 1 

Slight worsening 
of facial sensation, 
hip flexion  
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005 30e6 

0 0 1 

Worsening of 
baseline lower 
extremity 
weakness  

 

005 30e6 

0 0 2 

Worsening of 
baseline central 
sleep apnea and 
neuropathic pain, 
new nystagmus 

Supplemental 
oxygen, pain 
medications 

005 30e6 

0 0 1 

Worsening of 
baseline 
neuropathic pain  

Pain medications  

006^ 30e6 

0 0 2 

New bilateral 
paresthesias, 
allodynia, 
worsening of 
neuropathic pain, 
urinary urgency 

dexamethasone  

006^ 30e6 

0 0 1 

 Supportive 
headache 
management 

006^ 30e6 0 0 0   
006^ 30e6 0 0 0   
006^ 30e6 

0 0 1 

Increased left 
lower extremity 
weakness from 
baseline  

 

006^ 30e6 

0 0 1 

Increased 
neuropathic pain 
from baseline 

Pain medications 

006^ 30e6 

0 0 1 

Increased 
neuropathic pain 
from baseline 

Pain medications 

006^ 30e6 

0 0 1 

Increased 
neuropathic pain 
from baseline 

Pain medications 

007 30e6 

1 0 2 

Neck hypotonia, 
altered mental 
status, worsening 
dysarthria from 
baseline 

dexamethasone, 
anakinra  

007 30e6 

1 0 3 

Worsening neck 
hypotonia, 
dysarthria, ataxia, 
and right upper 
extremity 
weakness from 
baseline 

CSF removal, 
Dexamethasone, 
anakinra  

007 30e6 

1 0 2 

Worsening of 
esotropia, facial 
droop, head tilt, 
and right upper 
extremity 
weakness from 
baseline  

anakinra  
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007 30e6 

1 0 2 

Worsening of 
dysarthria and 
right upper 
extremity 
weakness from 
baseline  

anakinra  

007 30e6 

1 0 1 

Worsening of 
right upper 
extremity 
weakness from 
baseline 

anakinra 

007 30e6 

1 0 2 

Worsening of 
right upper 
extremity 
weakness from 
baseline 

anakinra 

007 30e6 

1 0 2 

Worsening of 
facial weakness, 
dysarthria, and 
right upper 
extremity 
weakness from 
baseline 

anakinra  

007 30e6 

1 0 2 

Worsening of 
dysarthria from 
baseline 

anakinra  

007 30e6 1 0 0   
007 30e6 

1 0 1 

Worsening of 
dysarthria from 
baseline 

 

007 30e6 

1 0 1 

Worsening of 
esotropia, 
dysarthria, and 
ataxia from 
baseline  

 

007 30e6 

1 0 1 

Worsening of 
dysarthria and 
right upper 
extremity 
weakness from 
baseline 

 

007 50e6 

0 0 1 

Headache, 
increased 
appendicular 
ataxia, and right-
sided weakness 
from baseline 

 

007 50e6 

0 0 1 

Headache, 
increased 
appendicular 
ataxia, esotropia, 
and decreased use 
of right arm from 
baseline 
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007 10e6+LD 

0 0 1 

Headache, 
increased toe-
walking from 
baseline 

 

007 30e6 

0 0 1 

Increased 
appendicular 
ataxia, esotropia, 
and ataxic gait 
from baseline 

 

008 30e6 
1 0 1 

Worsening 
neuropathic pain 

Pain medications 

009^ 10e6 

2 0 2 

Dysautonomia 
with oxygen 
desaturations   

anakinra, 
supplemental 
oxygen  

009^ 10e6 

0 0 3 

Worsening back 
pain, 
dysautonomia 
with oxygen 
desaturations, 
increased 
intracranial 
pressure to 30 cm 
H20 secondary to 
communicating 
hydrocephalus 
with altered 
mental status  

Continuous CSF 
removal from 
butterfly needle 
in Ommaya for 7 
days, anakinra  

009^^ 10e6 0 0 0   
009^ 10e6 3 0 1 Dysautonomia  anakinra  
009^ 30e6 

2 0 1 

Dysautonomia 
with oxygen 
desaturations  

Supplemental 
oxygen, anakinra  

009^ 30e6 

0 0 1 

Dysautonomia 
with oxygen 
desaturations, 
worsening back 
pain 

Supplemental 
oxygen, pain 
medications 

009^ 30e6 0 0 0   
009^ 30e6 

0 0 3 

Altered mental 
status, increased 
intracranial 
pressure to 22 cm 
H20 secondary to 
communicating 
hydrocephalus  

Continuous CSF 
removal through 
butterfly needle 
in Ommaya 
intermittently for 
5 days, anakinra 

009^ 30e6 

0 0 2 

Worsening back 
pain from 
baseline, increased 
dysautonomia 
with blood 
pressure and heart 
rate instability and 
oxygen 
desaturations 

Supplemental 
oxygen, pain 
medications  
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009^ 30e6 

0 0 3 

Increased 
intracranial 
pressure 
secondary to 
communicating 
hydrocephalus to 
28 cm H20, 
increased 
dysautonomia 
from baseline 

CSF removal  

009^ 30e6 

0 0 3 

Altered mental 
status, increased 
intracranial 
pressure to 36 cm 
H20 related to 
communicating 
hydrocephalus, 
dysautonomia 
with hypercarbia 

Continuous CSF 
removal through 
butterfly needle 
in Ommaya 
intermittently for 
7 days, CPAP 
and BiPAP, 
anakinra  

010 30e6 

0 0 1 

Worsening of left 
upper extremity 
weakness, 
dysmetria, and 
trismus from 
baseline  

 

010 30e6 1 0 0   
010 30e6 0 0 0   
010 30e6 0 0 0   
010 30e6 0 0 0   
010 30e6 0 0 0   
010 30e6 0 0 0   
010 30e6 0 0 0   
010 30e6 

0 0 1 
Prolonged hiccups 
(singultus) 

 

010 50e6 0 0 0   
010 30e6 

+LD 0 0 0 
  

010 50e6 

0 0 1 

Mildly increased 
left facial droop, 
drooling, and 
mildly increased 
ataxic gait 

 

010 50e6 0 0 0   
010 50e6 0 0 0   
010 50e6 0 0 0   
012 30e6 

1 0 3 

Altered mental 
status, worsening 
of baseline 
dysarthria, left 
hemiparesis, 
vertical eye 
movements, facial 
weakness 

anakinra, 
dexamethasone  
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Abbreviations: ICP (intracranial pressure), CSF (cerebrospinal fluid), CPAP (continuous airway pressure), BiPAP 
(bilevel positive airway pressure), CN (cranial nerve) 
^ spinal cord diffuse midline glioma 
*All patients experienced headache as part of TIAN 
 
 

 

 

 

 

Supplemental Table 4: Clinical improvement scores 

Patient 1st 
Infusion 

2nd 
Infusion 

3rd 
Infusion 

4th 
Infusion 

5th 
Infusion 

6th 
Infusion 

7th 
Infusion 

8th 
Infusion 

9th 
Infusion 

10th 
Infusion 

11th 
Infusion  

12th 
Infusion  

13th 
Infusion  

14th 
infusion 

15th 
infusion  

16th 
infusion  

17th 
infusion  

1* 
             

    

3 4 10 6 1 0 
        

    

4 8 3 2 
          

    

5 2 3 0 3 0 
        

    

6 2 4 2 7 4 -1 -2 0 0 
    

    

7 3 8 8 4 5 7 7 4 2 2 3 1 -2 0 -1 +1 +2 

8 3 0  
           

    

9 * 4 0 3 0 0 2 2 0 1 1 3 
 

    

10 0 4 1 1 1 0 0 1 0 0 0 0 0 +1 +1 +1  

12 6 -11 
           

    

13* 
             

    

 

*Not able to assess clinical improvement score because patient was on steroids at the time of clinical evaluation 
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Supplemental Table 5: Grade 3 and 4 Adverse Events  

Event Grade 3 Events 
 

Grade 4 Events Total Events Patients with 
Event 

Cardiovascular disorder      
     Hypertension  3  3 3 
     Hypotension  4  4 4 
     Sinus tachycardia  1  1 1 
Cytokine release syndrome  1 3 4 4 
Gastrointestinal disorder     
     Abdominal Pain  3  3 3 
     Alanine aminotransferase 
increased 

3  3 3 

     Anorexia 3  3 3 
     Aspartate aminotransferase 
increased  

3  3 3 

     Aspiration   1 1 1 
     Constipation  1  1 1 
     Dehydration  1  1 1 
     Diarrhea  1  1 1 
     Gastritis  1  1 1 
     Gamma-glutamyl transferase 
increased 

1  1 1 

     Nausea 1  1 1 
     Lipase increased  1 1 1 
General disorder      
     Fatigue  1  1 1 
     Fever 6  6 6 
     Weight loss  2  2 2 
Hematologic disorder      
     Anemia  5  5 5 
     Lymphocyte count decreased  20 18 38 11 
     Neutrophil count decreased  16 12 28 11 
     Platelet count decreased  1   1 
     White blood cell count 
decreased 

11 10 21 11 

     Thromboembolic event 1  1 1 
Infectious disorder      
     Enterocolitis  1  1 1 
     Gallbladder infection  1  1 1 
     Lung infection  1  1 1 
     Sepsis   1 1 1 
     Skin infection  1   1 
     Urinary tract infection 5  5 2 
     Viremia  1  1 1 
Metabolic disorder      
     Acidosis   1 1 1 
     Hypertriglyceridemia     
     Hypokalemia 1  1 1 
     Hypophosphatemia 2  2 2 
     Tumor lysis syndrome  1  1 1 
Musculoskeletal disorder      
     Back pain 1  1 1 
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     Muscle cramp 1  1 1 
     Muscle weakness  4  4 4 
Nervous system disorder      
     Abducens nerve disorder  1  1 1 
     Ataxia 3  3 3 
     Confusion  1  1 1 
     Dysarthria  1  1 1 
     Encephalopathy      
     Facial nerve disorder  1  1 1 
     Gait disturbance 4  4 4 
     Glossopharyngeal nerve 
disorder  

1  1 1 

     Headache  3  3 3 
     Hydrocephalus 8 3 11 6 
     Immune effector cell-
associated neurotoxicity  

1  1 1 

     Intratumoral hemorrhage      
     Neck pain     
     Neuropathic pain  1  1 1 
     Paresthesia  3  3 3 
     Phrenic nerve dysfunction  1  1 1 
     Syncope 2  2 2 
     Trismus  1  1 1 
     Tumor inflammation-
associated neurotoxicity 

10 3 13 8 

     Urinary incontinence  1  1 1 
     Vagus nerve dysfunction  1  1 1 
Respiratory disorder      
     Dyspnea  1 1 2 2 
     Hypoxia  2 1 3 3 
     Stridor   1  1 1 
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