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Definition of Terms 

Investigational Product is defined as, “A pharmaceutical form of an active ingredient or placebo 

being tested or used as a reference in a clinical trial, including a product with a marketing 

authorization when used or assembled (formulated or packaged) in a way different from the 

approved form, or when used for an unapproved indication, or when used to gain further 

information about an approved use” [from International Conference on Harmonization (ICH) of 

Technical Requirements for Registration of Pharmaceuticals for Human Use Harmonized 

Tripartite Guideline E6: Guideline for Good Clinical Practice].  

The terms “Investigational Product” and “study drug” may be used interchangeably in the 

protocol. 



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 10 of 102 

ABSTRACT 

This is a Phase 1 study of central nervous system (CNS) locoregional adoptive therapy with 

autologous CD4+ and CD8+ T cells that are lentivirally transduced to express a B7-H3-specific 

chimeric antigen receptor (CAR) and EGFRt. CAR T cells are delivered via an indwelling 

catheter into the tumor cavity or ventricular system in children and young adults with diffuse 

intrinsic pontine glioma (DIPG), diffuse midline glioma (DMG), and recurrent or refractory 

CNS tumors. Depending on the location of the tumor and the existence of metastatic (including 

leptomeningeal) disease, subjects will have CAR T cells delivered into the tumor cavity or the 

ventricular system. The primary objectives of this protocol are to evaluate the feasibility, safety, 

and tolerability of CNS-delivered fractionated B7-H3 CAR T cell infusions employing intra-

patient dose escalation and to define the Maximally Tolerated Dose (MTD) and Recommended 

Phase 2 Dose Regimen (RP2DR) of CNS-delivered fractionated B7-H3 CAR T cell infusions 

through a modified 3+3 design and an expansion cohort. The secondary objectives are to assess 

B7-H3 CAR T cell distribution within the cerebrospinal fluid (CSF) and the extent to which B7-

H3 CAR T cells egress into the peripheral circulation, and disease response to B7-H3 CAR T 

cells. The exploratory objectives are to describe B7-H3 expression in tumor tissue and/or 

normal tissue if a tissue biopsy, tumor biopsy, or resection is available; to describe the presence 

of B7-H3 CAR T cells in tumor tissue and/or normal tissue if a tissue biopsy, tumor biopsy, or 

resection is clinically indicated post-treatment; and to analyze blood, CSF, and tumor tissue for 

biomarkers of anti-tumor B7-H3 CAR T cell expression, safety, and activity. 
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EXPERIMENTAL DESIGN SCHEMA 
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1 BACKGROUND/RATIONALE 

1.1 CNS Tumors of Children and Young Adults 

Tumors of the central nervous system (CNS) are the most common cancer of childhood with an 

incidence of 5.57 per 100,000 annually and are the leading cause of pediatric cancer-related 

death in patients under 19 years of age [1, 2]. Outcomes for patients with newly diagnosed CNS 

tumors have steadily improved; however, this is not the case for all subtypes of CNS tumors. 

For example, those with diffuse intrinsic pontine glioma (DIPG)/diffuse midline glioma (DMG) 

or recurrent disease continue to have dismal outcomes and approximately 550 children die from 

brain and spinal cord tumors annually in the United States (US). The majority of pediatric 

patients with CNS tumor have high grade gliomas, DIPG/DMG, medulloblastomas, or ATRT 

and over half of the fatal tumors are located in the posterior fossa. Five-year survival in children 

is only 15-35% for high grade glioma, 15-25% for recurrent medulloblastoma, less than 10% 

for relapsed atypical teratoid-rhabdoid tumor (ATRT), and DIPG/DMG remains a universally 

fatal disease [3-6]. In addition, ependymomas have as high as a 70% recurrence rate, commonly 

leaving survivors with debilitating morbidity after multiple surgeries and radiation [7].  

ATRT is an embryonal tumor almost exclusively of infancy with an approximate median age of 

2 years at diagnosis and demonstrates characteristic INI-1 expression loss due to SMARCB1 

mutations. Even with standard of care intensive myeloablative chemotherapy regimens as front-

line therapy, survival is as low as 27% for children with newly diagnosed disease and is an even 

worse prognosis in the many infants with metastatic disease [8]. Considering the dismal 

prognosis, it is imperative to investigate novel treatment strategies for infants and young 

children with ATRT. 

DIPG and DMG account for approximately 10% of all CNS tumors and 80% of all brainstem 

gliomas occurring in children, affecting more than 300 children per year in the US [9]. The 

median age of onset is 6 years old. DIPG is a diffusely infiltrating tumor of the pons that cannot 

be resected and is universally fatal. DIPG is part of the broader molecular classification of 

DMG, which arise in the midline CNS and occur in the thalamus or spinal cord and are also 

universally fatal [8, 10, 11]. For DIPG/DMG, no standard therapy exists beyond initial 

radiotherapy and even at progression children are often left with re-irradiation as the only 

option to even marginally extend their life. The median progression free survival is 7 months 

and, when radiologic progression is included, the survival beyond progression is 4.8 months 

[12]. Overall, the median survival at 1 year is 45.3% with a median overall survival of 11.2 

months [12]. Considering the median affected age, the incidence, and the fatal prognosis, each 

year DIPG is responsible for approximately 22,000 years of potential life lost in the US. In the 

setting of a uniformly fatal disease with no standard of care beyond radiation, DIPG/DMG will 

be eligible for this trial after completion of standard radiotherapy. Given the additional 

significance of primary location of DIPG within the brainstem, patients with DIPG tumors will 

be enrolled onto a dedicated study arm on this clinical trial. 

While an ongoing molecular revolution within pediatric neuro-oncology has led to fundamental 

discoveries that can be exploited as molecular targets, such as BRAF aberrations in low-grade 

glioma and H3K27M mutations in DMG, they have translated into a clinical benefit for only a 

minority of patients. The targeting of signal transduction pathways via small molecule drugs 

carries multiple challenges, including the complexity of molecular pathways, drug delivery 
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across the blood-brain-barrier, tumor heterogeneity, and tumor escape via alternative signaling 

pathways. Targeting tumor-specific cell surface markers via locoregional delivery circumvents 

these obstacles. 

1.2 Role of Immunotherapy in CNS Tumors 

Malignant brain tumors represent a clinical entity that is highly attractive for 

immunotherapeutic intervention as (1) most patients with resection and radiation therapy 

achieve a state of minimal disease burden offering a safe time point for immunologic responses 

to occur in the CNS, and (2) the anatomic location of these tumors within the confines of the 

CNS makes direct locoregional administration of effector cells possible. Furthermore, the 

paucity of therapies that can cure relapsed CNS disease demands novel approaches to therapy. 

At least 15 Phase 1 or 2 studies involving the administration of ex vivo activated lymphocytes to 

malignant glioma resection cavities have been reported to date, using a variety of effector cell 

types [lymphokine-activated killer (LAK) cells, tumor infiltrating lymphocytes (TILs), and 

alloreactive cytotoxic T-lymphocytes (CTLs)] [7, 13-23]. The practical obstacles to the success 

of these therapies include timely generation of cell products, heterogeneity of tumor-specific 

antigen expression, local immune suppression, and difficulty interpreting imaging findings. 

However, these studies support the premise that a superior clinical effect of cellular 

immunotherapy for malignant CNS tumors might be expected with homogenous, highly potent 

effector cells. 

1.3 Redirected Specificity of T Cells Engineered to Express Chimeric Antigen 

Receptors 

To overcome some of the obstacles of cellular immunotherapy, multiple groups have focused 

on T cell genetic engineering strategies that serve to equip T cells with tumor specificity 

through the expression of chimeric antigen receptors (CARs). CARs are engineered to consist 

of an extracellular single chain antibody fused to the intracellular signaling domain of the T cell 

antigen receptor complex zeta chain. When expressed in T cells, CARs are able to redirect 

antigen recognition based on the monoclonal antibody’s specificity [17]. These chimeric 

cell-surface molecules have the ability to bind antigen and to transduce activation signals via 

immunoreceptor tyrosine activation motifs (ITAMs) present in the CD3-ζ cytoplasmic tail [18], 

referred to as first generation CARs, or both activation and a co-stimulatory signal such as 

CD28 or 4-1BB domain are incorporated in series with CD3-ζ, referred to as second generation 

CARs [13, 24]. CAR molecules that include both CD28 and 4-1BB stimulatory signaling 

molecules are referred to as third generation CARs. 

The design of CARs with target specificities for tumor cell-surface epitopes is a conceptually 

attractive strategy to generate antitumor immune effector cells for adoptive therapy, as it does 

not rely on pre-existing anti-tumor immunity. These receptors are “universal” in that they bind 

antigen in a major histocompatibility complex (MHC)-independent fashion; thus, one receptor 

construct can be used to treat a population of patients with antigen-positive solid tumors. This 

provides the additional advantage of being able to target tumors of divergent biology, but 

common surface marker expression. In addition to the highly successful CAR T cell therapies 

for hematologic malignancies, an increasing number of constructs for targeting human solid 
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tumors have been described in the literature, including receptors with specificities for 

carcinoembryonic antigen (CEA), EGFRvIII, fibroblast activation protein (FAP), GD2, HER2, 

IL-13Ra, mesothelin, RoR1, and L1 cell adhesion molecule (L1CAM) [14, 20, 25-28]. These 

epitopes all share the common characteristic of being cell-surface moieties accessible to scFv 

binding by the chimeric T cell receptor. The function of primary human T cells expressing 

tumor-specific scFvFc:ζ receptors have been evaluated in vitro; these cells specifically lyse 

tumor targets and secrete an array of pro-inflammatory cytokines, including IL-2, TNF-α, 

IFN-γ, and GM-CSF [29]. 

Adoptively transferred CAR-modified T cells can eradicate established tumors in a variety of 

animal models [14, 30-37]. Moreover, T cells expressing second or third generation CARs 

consisting of co-stimulatory signaling domains appear to be more resistant to activation-induced 

cell death, exhaustion, and TREG-mediated functional anergy [13, 24, 31, 38-43]. Previous 

studies have shown that CD28 significantly increases cytokine production, whereas 4-1BB 

seems to improve survival of the T cells. Both signaling domains, CD28-CD3-ζ and 

4-1BB-CD3-ζ, are currently being studied in clinical trials targeting CD19. While the National 

Cancer Institute (NCI) and Memorial Sloan-Kettering Cancer Center (MSKCC) are using 

CD28-CD3-ζ as the signaling domain, Seattle Children’s Research Institute (SCRI), the Fred 

Hutchinson Cancer Research Center (FHCRC), NCI, and University of Pennsylvania (UPenn) 

have primarily focused on 4-1BB-ζ CAR constructs. 

1.4 Clinical Experience Using CAR T Cells 

As of February 2019, there are over 350 open CAR T cell trials listed on clinicaltrials.gov, and 

studies employing CAR T cells against refractory pediatric and adult acute lymphoblastic 

leukemia (ALL), chronic lymphoblastic leukemia (CLL), and non-Hodgkin lymphoma (NHL) 

have demonstrated dramatic response rates [44]. While the CNS experience is more limited, 

early reports suggest tolerability of intracavitary and intraventricular fractionated doses of 

IL13-zetakine CAR T cells specific for IL13R2, a cell surface receptor expressed in 

approximately 50% of adult glioblastoma multiforme (GBM) [45]. A first-in-human pilot and 

Phase 1 study evaluated IL13(E13Y)-zetakine CD8+ CAR T clones and CD4/CD8+ lines 

(NCT00730613). Patients received as many as 12 locally delivered infusions at a maximum 

dose of 1 x 108 cells via a catheter/reservoir system [45]. Intracranial CAR T cell instillations 

were found to be well tolerated with manageable, transient CNS inflammation and, notably, no 

systemic toxicities, including no cytokine release syndrome (CRS) or global neurotoxicity, both 

of which are frequently encountered in leukemia patients receiving systemically delivered 

CD19-specific CAR T cells [44]. Reported in the pilot study (NCT02208362), two of the three 

patients received planned full doses of 12 escalating intracavitary doses of 107 - 108 cells/dose. 

The other patient received all but one dose, which was suspended due to transient, worsening 

headache. No toxicities ≥ Grade 3 were observed at doses up to 5 x 107 total cells/dose. At the 

maximum dose level of 1 x 108 there were two cases of temporally limited headache (Grade 3) 

and one case of neurologic deficit (tongue deviation and shuffling gait) that resolved following 

treatment with dexamethasone. This neurologic event was seen in the patient with the highest 

degree of tumor IL13R2 antigen expression and the greatest intensity of CAR T cell-attributed 

fluid-attenuated inversion recovery (FLAIR) response on magnetic resonance imaging (MRI). 
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Of the three patients, only one had a local recurrence at the previous resection cavity and the 

recurrent tumor displayed low IL13Rα2 expression. 

Subsequently, a patient with recurrent GBM was treated with intercavitary and ventricular 

dosing of the IL13Rα2-targeted CAR T cells (NCT 02208362) [46]. Initially, intracavitary 

infusions controlled local disease but did not effectively control distant metastatic progression. 

Ten intraventricular doses were subsequently administered and by Dose 5 (Day 190), there was 

a 77-100% decrease in size of all measurable tumor sites, including elimination of all spinal 

tumors. This response was maintained for 7.5 months prior to new sites of metastatic disease, 

which preliminarily appear to demonstrate low IL13Rα2 expression. In total, this patient 

received six intracavitary and ten intraventricular cycles at a maximum dose of 1 x 107 

cells/dose and no infusions were associated with toxicities of ≥ Grade 3. This dramatic response 

and the prolonged tolerability of treatment suggest feasibility of intraventricular dosing for 

leptomeningeal and spinal disease. In this single patient, total immune cells in the CSF, as 

expected, increased by a factor of 7 +/- 3.6 and the immune response was limited to the CNS, 

suggesting that local effects are robust, and that systemic CRS may not be a concern in 

CNS-direct T cell therapy. 

In July of 2018, Seattle Children’s Hospital opened BrainChild-01, a Phase 1 study of central 

nervous system (CNS) locoregional adoptive therapy with autologous CD4+ and CD8+ T cells 

that are lentivirally transduced to express a HER2-specific chimeric antigen receptor (CAR) and 

EGFRt. In November of 2018, Seattle Children’s Hospital opened BrainChild-02, a Phase 1 

study of central nervous system (CNS) locoregional adoptive therapy with autologous CD4+ 

and CD8+ T cells that are lentivirally transduced to express an EGFR806-specific chimeric 

antigen receptor (CAR) and EGFRt. 

1.5 B7-H3 as a Target in CNS Tumors 

B7-H3 (also known as CD276) is a member of the B7-CD28 immunoregulatory family of 

proteins whose expression drives IFN-gamma production and modulates T and NK cell killing 

[47]. In neuroblastoma, a common pediatric solid tumor, B7-H3 inhibits NK killing of tumor 

cells [48]. Its expression is known to be higher in malignant versus normal human tissue [49]. 

Amongst adult cancers, its expression also correlates with a poor prognosis in pancreatic, 

prostate, and urothelial cell carcinoma of the bladder [50-52]. In mantle cell lymphoma, B7-H3 

silencing induces sensitivity to conventional chemotherapy [53]. In melanoma, B7-H3 

expression also correlates with metastatic potential [54].  

Relevant to CNS tumors of childhood, B7-H3 is universally expressed in DIPG, DMG, 

pediatric high-grade glioma (pHGG), medulloblastoma, ependymoma, choroid plexus 

carcinoma, and ATRT [55-57]. Regarding ATRT, investigators reported B7-H3 expression in 

all samples and cell lines and demonstrated that B7-H3CAR T cells delivered intracranially 

eradicated disease in animal models (Theruvath J, ATRT-25, International Society of Pediatric 

Neuro-Oncology Conference 2018, [57]). In addition, B7-H3 expression is correlated with a 

worse prognosis in adult gliomas [58]. B7-H3 is not identified in serum in healthy subjects 

supporting its lack of expression on normal tissue, while in patients with B7-H3-positive CNS 

tumors B7-H3 is detectable in the CSF and its expression level correlates directly to histologic 

tumor grade [47, 59]. A Phase 1 trial using [124]-8H9, a radioactive monoclonal antibody that 
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binds B7-H3, delivered via convention enhanced delivery (CED), had no Grade 4 or 5 adverse 

events. Grade 3 hemiparesis and skin infection may have been related to the specifics of this 

study, which enrolled only children with DIPG and placed the catheter directly into the pons, 

which will not be permitted in this study [60].   

1.6 B7-H3 CAR T Cells 

The B7-H3 CAR T cell product utilizes an scFv binder developed from the humanized 

B7-H3-targeted monoclonal antibody huBRCA84D. Identified from a tumor-specific panel of 

monoclonal antibodies, the huBRCA84D antibody comprises a variable domain that specifically 

binds an extracellular domain of human B7-H3, and exhibits strong differential reactivity to 

tumor tissue compared with normal tissue [61]. 

1.7 Safety of B7-H3 as a Therapeutic Target 

On-target off-tumor activity of CAR T cells can lead to serious toxicity, therefore, 

understanding of the CAR target expression patterns is crucial in predicting and recognizing 

toxicity. The data published to date support the advancement of B7-H3 CAR T cells into 

clinical trial. Preclinical studies of B7-H3 CARs by two distinct, independent research teams at 

the University of North Carolina and Stanford University demonstrated that the on-target effect 

of B7-H3 CAR is directly correlated with degree of surface B7-H3 expression that results in 

sparing of normal tissue targeting and providing an appropriate therapeutic window [62, 63]. 

Both studies confirmed the expression of B7-H3 in an overwhelming percentage of CNS tumor 

samples and in vivo studies against pediatric CNS tumor models, with confirmed on target 

effect and anti-tumor efficacy leading to eradication of disease, did not cause toxicity to normal 

tissue [57, 62]. While other immune modulators, such as CTLA4 (which acts synergistically 

with B7-H3), are also expressed on tumor tissue, B7-H3 is comparatively expressed at a lower 

overall number and density on normal tissue [64-66]. Ultimately, it has been proven that B7-H3 

density on normal tissue is insufficient to result in toxicity in animal models [57]. Primate 

toxicity studies have also been completed with the B7-H3 antibody from which our scFv 

binders are derived and found no significant test article-related safety findings [61]. Memorial 

Sloan Kettering has extensive experience with a radioimmunotherapy agent targeting B7-H3 

which has been used in multiple tumor types. Even in the setting of an intensive multi-agent 

regimen, B7-H3 monoclonal antibody given intrathecally to patients with aggressive, metastatic 

neuroblastoma was well tolerated [67]. In a Phase 1 study of B7-H3 antibody administered 

directly into the pons, no Grade 4 or 5 toxicities were reported, and only 1 patient experienced 

Grade 3 CNS-related toxicity (transient hemiparesis) [68]. The event of hemiparesis may have 

been related to direct administration of B7-H3 antibody directly into the pons, a procedure that 

will not occur on BrainChild-03. A Phase 1 study of B7-H3 antibody (MGA271) performed by 

Macrogenics revealed no dose-limiting toxicity even in frequently heavily pre-treated patients 

[69]. The most common toxicities seen were fatigue, infusion-related reaction, nausea, and 

vomiting without any normal tissue directed toxicity observed.  
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1.8 Construction of Second-Generation Self-Inactivating (SIN) Lentivirus Vectors that 

Co-express a B7-H3 CAR and EGFRt 

The preclinical CAR T cell development group at SCRI Immunotherapy Integration Hub (IIH) 

under the direction of Dr. Michael Jensen has developed B7-H3 CAR T cells using scFv binders 

derived from the huBRCA84D monoclonal antibody. Through systematic testing of CAR 

constructs with different intracellular signaling domains and spacer lengths, we found that a 

second-generation medium spacer 4-1BB CD3 B7-H3 CAR T cell is the most effective in 

eradicating glioma xenografts in vivo via intracranial delivery. These preclinical data support 

the investigation of the Seattle Children’s Therapeutics B7-H3-specific CD4/CD8 CAR T cell 

product in children and young adults with recurrent and refractory CNS tumors. 

The surface expression of EGFRt in conjunction with the CAR provides for a second cell 

surface marker that allows easy examination of transduction efficiency [70]. Biotinylated 

cetuximab binds to the EGFRt expressed on the cell surface and can be labeled with 

fluorochrome for analysis with flow cytometry. Additionally, this surface marker can be used 

for enrichment through selection with anti-biotin beads to increase the frequency of transduced 

cells and thus creating a purified population of CAR-expressing T cells. Because the EGFRt 

lacks an intracellular domain, it does not have any signaling capacity, thus binding of cetuximab 

to the EGFRt does not affect the cell. Lastly, cetuximab has the potential to be used clinically as 

a suicide gene as it is a clinically available antibody with a low toxicity profile [25, 70]. After 

binding of cetuximab, cells undergo antibody-dependent cellular cytotoxicity in vivo. In the 

context of this study, we will evaluate the ability of cetuximab to ablate CAR expressing T cells 

in the event of unacceptable toxicity. 

Variants of dihydrofolate reductase (DHFR), which confer resistance to antifolates, are used as 

dominant selectable markers in vitro and in vivo [71]. The incorporation of a methotrexate-

resistant human DHFR mutein (huDHFRFS; L22F,F31S) in a single transcript in combination 

with the B7-H3-specific CAR and EGFRt, each separated by a T2A linker, allows the use of 

methotrexate (MTX) to select and enrich activated, proliferating CAR T cells in vitro. 

Expression of huDHFRFS can render lentivirally transduced primary human CD45RO+CD62L+ 

memory T cells resistant to lymphotoxic concentrations of MTX up to 0.1M [72]. By 

combining the human-encoded DHFR mutein with pharmaceutical grade MTX, a purified 

population of lentivirally transduced B7-H3-specific CAR-expressing T cells can be produced 

for the clinic in the setting of current Good Manufacturing Practice (GMP)-compliant 

manufacturing.  

1.9 Intracavitary and CNS Dosing of CAR T Cells 

Pilot immunotherapy studies performed in patients with CNS tumors have demonstrated safety 

and tolerability of direct administration of ex vivo activated lymphocytes and interleukin2 (IL2), 

a T cell growth factor, into the resection cavity of patients with malignant glioma [26, 73-83]. 

Even at large individual cell doses (> 109 cells/dose), as well as high cumulative cell doses (> 

27 x 109 cells), toxicities are modest and typically consist of ≤ Grade 2 transient headache, 

nausea, vomiting, and fever. Clinical changes may represent a recently reported distinct 

syndrome, tumor inflammation associated neurotoxicity (TIAN), that consists of 

immunotherapy-induced fever, headaches, and neurologic changes [84]. 
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The intracavitary administration of T cells for the treatment of CNS tumors theoretically 

permits the expansion of CAR target epitopes to those expressed on tumor cells but not normal 

CNS cells, with less stringency on expression by other tissues outside the CNS. The concern 

regarding toxicity from cross-reactivity of tissues outside the CNS is mitigated by (1) the 

sequestration of cells in the CNS based on the intracavitary and ventricular route of 

administration, and (2) the low cell numbers administered in comparison to cell doses typically 

administered systemically. CNS delivery of IL13-zetakine CAR T cells to patients with GBM 

or CNS delivery of HER2-specific CAR T cells to children with HER2+ CNS tumors did not 

demonstrate overt seeding of CAR T cells in the peripheral blood, or systemic toxicities which 

might be expected if this were to occur based on target antigen expression in tissues such as IL-

13ra2 in lung epithelia [45]. 

1.10 CNS Catheters 

Despite the fact that an estimated 15% of global disease is due to CNS disorders, treatments for 

a broad spectrum of CNS diseases have lagged behind other advancements due to several 

barriers, notably creating therapies that can traffic across the blood-brain barrier and deliver a 

therapeutic payload to a particular area of the CNS [85]. However, drug dosing via 

intracerebroventricular or intrathecal routes in a rat model has a success approaching 100% in 

delivering drug to the CNS target [86]. Beyond target delivery, direct CNS dosing may 

potentially limit adverse effects with particular agents, including CAR T cells for which a 

potential adverse event is systemic CRS. For subjects with localized CNS disease, catheter 

placement into the tumor bed can allow repeated dosing directly to the tumor site, while patients 

with disseminated disease will receive intra-ventricular placement, which allows drug 

distribution via the pulsatile flow between the ventricles and subarachnoid spaces [87]. CNS 

catheters, such as Ommaya catheters, have been used since the 1960s for the aspiration of CSF 

and for the delivery of agents directly into the ventricle. Traditional intrathecal and intracavitary 

injection of chemotherapies has relied on the stereotactic placement of silastic catheters into the 

targeted region, which is connected to an access port placed under the scalp. The intracranial 

silastic catheters may or may not be coated in antibiotic polymers, such as rifampin. The access 

port ranges from smaller Rickham reservoirs to larger Ommaya reservoirs, depending on the 

size of the patient and intended use of the system. These access ports allow for repeated, sterile, 

percutaneous access to the intracranial space for repeated aspiration or administration of agents 

using a pharmacologically inert delivery system. On BrainChild-01, -02, and -03, no patients 

have reported site pain at or near the CNS catheter site following the infusion procedure; no 

patients have developed meningitis at any point on protocol therapy; no patients have developed 

hematomas, bleeding, or cellulitis at the site of the CNS catheter site; and no patients have 

required removal of their CNS catheter during the study period [88].  

1.11 Intra-Subject Dose Escalation 

CAR T cells may induce localized and transient neuro-inflammation and cerebral edema that 

must be carefully monitored and managed. In aggregate, the City of Hope Phase 1 trials support 

the utilization of intra-subject dose escalation as a means to address dose level safety in the 

context of CNS locoregional infusions, both intracavitary and intraventricular, wherein 

tolerance is dictated by both the fixed volume of this anatomic compartment, the heterogeneity 

in tumor mass within the compartment, the effect of tumor location (supratentorial, 
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infratentorial, midline, lateral, etc.) and adjacent functional brain anatomy [45, 46, 86, 89]. 

Rather than proposing single bolus dosing in which a potentially large dose of cells is 

administered, our dosing strategy is to perform fractionated dosing so that a cumulative tumor 

exposure to large numbers of CAR T cells is achieved over a period of several weeks. The 

added biological advantage to this strategy is that, while T cells exhaust within solid tumors 

after 1-2 weeks, this dosing strategy provides continued exposure to non-exhausted T cells by 

weekly infusion. 

Unlike intravenous dosing, which is simplified by predictable and uniform distribution from 

subject to subject, dosing into the CNS, based on the variables described above, makes 

tolerability of dosing a “subject-specific” function that is not well accommodated by classic 

cohort escalation strategies. Our intra-subject dose escalation accommodates these subject-

specific variables that impact on tolerability and safety using a rule set that calibrates dose 

escalation, dose cancellation, and dose de-escalation to the specific study participant’s 

neurologic tolerance. This strategy safeguards subject safety in light of concern for significant 

transient inflammatory changes to the tumor bed and surrounding brain that may accompany 

CAR T cell activity. We believe this is the safest means to explore T cell dose escalation in the 

three dosing regimens that we have designed for our pediatric and young adult protocol. 

1.12 T Cell Dosing Rationale 

The starting doses of the B7-H3 CAR T cell infusion are aligned with our clinical trials for 

patients with recurrent or refractory CNS tumors, BrainChild-01 (NCT# 3500991) and 

BrainChild-02 (NCT# 03638167). The starting and subsequent dose escalations proposed for 

B7-H3 CAR T cell infusion are based on the City of Hope trial for intracranially delivered 

IL13Rα2 zetakine CAR modified T cells, which is the only published trial reporting safety of 

intracavitary delivery of CAR T cells to date [45, 46]. Their trial used a more rapid intrapatient 

intracavitary dose escalation strategy compared to our proposed dose escalation: Day 1, 1 x 107 

cells; Day 3, 5 x 107 cells; Day 5, 10 x 107 cells. These were given in a 2 mL volume with a 2 

mL preservative-free normal saline flush. There were no Grade 3 or higher adverse events with 

the 1 x 107 cells or 5 x 107 cells doses. With the 10 x 107 cells dose there were 2 cases of Grade 

3 headache and 1 case of acute focal neurologic changes, including tongue deviation and 

shuffling gait. Tumor progression was noted in the latter subject shortly thereafter. 

We have adopted the same cell amounts and target suspension volumes for the pediatric 

population because the volumes of total CSF, ventricles, and the intracranial cavity undergo 

much smaller changes during childhood compared to overall body growth. Total CSF volume 

changes vary little between ages 1 and adulthood, ranging from 100 to 180 mL, with a mean 

volume around 150 mL [90]. In a study of 71 healthy pediatric subjects, intraventricular 

volumes ranged from 10 to 34 cm3 in children ages 1 to 6, and from 12 to 34 cm3 in children 

ages 7 to 15 [91]. Intracranial volumes ranged from 873 to 1687 cm3 for children ages one 

through six, and 1037 to 1666 cm3 in the 7 through 15-year age group. The ratio of ventricular 

to intracranial volumes was relatively stable over time, 0.019 at 12 months, 0.015 at eight years, 

and 0.018 at 15 years. 

In line with our previous BrainChild-01 and BrainChild-02 dose regimens, similarly designed 

Arms A and B will utilize a weekly dosing for 3 weeks, followed by a week of observation in 
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each Course. In Arm C, dedicated to patients with DIPG, we will dose patients every other 

week, ie, only 2 doses per Course, to allow adequate observation time in particularly sensitive 

anatomical CNS compartments. 

1.13 Rationale for Use of This Product in Pediatric Subjects 

Enrolling pediatric subjects in this study is in accordance with 21 CFR 50, Subpart D 

Additional Safeguards for Children in Clinical Investigations. Specifically, pediatric subjects 

with CNS tumors have distinct biological diseases that occur in specific anatomical 

compartments, distinct from adult CNS tumors, making this study absolutely necessary to 

answer an important scientific question about the health and welfare of children. Furthermore, 

we have minimized risks by eliminating research procedures which do not contribute to the 

scientific objective and, regarding Equitable Selection, believe enrolling children is essential to 

answer the scientific objectives. Enrolled subjects will be children with recurrent or refractory 

CNS tumors who have failed a standard of care option or are diagnosed with DIPG/DMG, a 

universally fatal CNS tumor for which there is no standard of care beyond radiation. We will 

enforce justice and fair subject selection according to the Declaration of Helsinki (paragraph 

24). Extrapolation is not possible due to the differences in disease biology and anatomical tumor 

location as noted above. 

In this study, we have appropriately balanced risk and benefit. While intracavitary and 

intraventricular dosing of CAR T cells in children carries more than minimal risk, the eligibility 

criteria are clear in ensuring that these subjects have failed a standard of care option or in the 

case of DIPG/DMG have a universally fatal disease. Finally, the anticipated potential benefit 

and possible risk will be discussed in depth with each subject and adequate provisions will be 

made for soliciting the assent of the subject. 

This clinical trial will be discontinued in the event of new findings that indicate a relevant 

deterioration of the risk-benefit assessment. Based on the data available to date, the conduct of 

this clinical trial is regarded as justified. 
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2 STUDY OBJECTIVES 

2.1 Primary Objectives 

• To assess the feasibility of CNS locoregional adoptive therapy with autologous 

CD4+ and CD8+ T cells lentivirally transduced to express a B7-H3-specific CAR 

EGFRt and a methotrexate resistant human dihydrofolate reductase mutein, 

delivered by an indwelling catheter into the tumor cavity or ventricular system in 

children and young adults with DIPG, DMG, or recurrent/refractory CNS tumors.  

• To assess the safety of CNS locoregional adoptive therapy with autologous CD4+ 

and CD8+ T cells lentivirally transduced to express a B7-H3-specific CAR, EGFRt 

and a methotrexate resistant human dihydrofolate reductase mutein, delivered by an 

indwelling catheter into the tumor cavity or ventricular system in children and 

young adults with DIPG, DMG, or recurrent/refractory CNS tumors.  

• To establish the tolerability of a fractionated CNS-delivered B7-H3 CAR T cell 

infusion schedule employing intra-subject dose escalation in children and young 

adults with DIPG, DMG, or recurrent/refractory CNS tumors. 

• To define the maximally tolerated dose (MTD) and recommended Phase 2 dose 

regimen (RP2DR) of CNS-delivered fractionated B7-H3 CAR T cell infusions. 

2.2 Secondary Objectives 

• To assess B7-H3 CAR T cell distribution within the cerebrospinal fluid (CSF) and 

the extent to which B7-H3 CAR T cells egress into the peripheral circulation. 

• To assess disease response to B7-H3 CAR T cell locoregional therapy in children 

and young adults with DIPG, DMG, or recurrent/refractory CNS tumors. 

2.3 Exploratory Objectives 

• To evaluate for presence of B7-H3 CAR T cells in tumor tissue and/or normal 

tissue if a tissue biopsy, tumor biopsy, or resection is clinically indicated post-

treatment. 

• To evaluate B7-H3 expression in tumor tissue and/or normal tissue if a tissue 

biopsy, tumor biopsy, or resection is available. 

• To analyze blood, CSF, and tumor tissue for biomarkers of anti-tumor B7-H3 CAR 

T cell expression, safety, and activity. 
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3 ENROLLMENT AND ELIGIBILITY 

3.1 Enrollment 

Upon consent for participation in a Seattle Children’s Therapeutics immunotherapy clinical 

trial, subject demographic information is entered into the Immunotherapy Registration Portal 

and a unique Registration ID is appointed. Subjects are then transferred to the study-specific 

database where they are assigned a unique Study ID. Screening and eligibility information will 

be entered into the study-specific database where it will be reviewed by the Study Chair or their 

designee who will subsequently approve/deny subject enrollment to the study (consult the 

sponsor and/or case report form (CRF) Completion Guidelines for instructions related to the 

study-specific databases). 

3.2 Eligibility 

 Inclusion criteria 

1. Subjects must be age ≥ 1 and ≤ 26 years (except for the first 3 subjects, who will be 

enrolled in Arm A or Arm B and must be age ≥ 15 and ≤ 26 years) (this requirement has 

been met as of 8/27/2020). 

2. Subject disease classified as one of the following: 

a. DIPG at any timepoint following completion of standard radiotherapy 

b. DMG at any timepoint following completion of standard radiotherapy 

c. Evidence of refractory or recurrent CNS disease for which there is no standard 

therapy, defined by either of the following (further categorization by disease type 

is listed in Appendix 5 –Refractory and Recurrent Disease Categorization): 

i. Recurrent disease (e.g., new site(s) of measurable or evaluable disease by 

radiographic imaging or histologic confirmation following completion of 

standard of care first-line therapy for which curative salvage therapy is 

not available or amenable), OR 

ii. Refractory disease (e.g., measurable or evaluable disease that persists 

following completion of standard of care first-line therapy for which 

curative salvage therapy is not available or amenable)  

3. Able to tolerate apheresis or already has an apheresis product available for use in 

manufacturing 

4. CNS reservoir catheter, such as an Ommaya or Rickham catheter, present in the proper 

location for CNS-directed therapy delivered as specified for BrainChild-03 

5. Life expectancy ≥ 8 weeks 

6. Lansky or Karnofsky score ≥ 60. Subjects who are unable to walk because of paralysis, 

but who are up in a wheelchair, will be considered ambulatory for purposes of assessing 

performance status 
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7. If subject does not have a previously obtained apheresis product that is acceptable and 

available for manufacturing of CAR T cells, subject must discontinue all anticancer 

agents and radiotherapy and, in the opinion of the investigator, have fully recovered 

from significant acute toxic effects of the following: 

a. Cytotoxic chemotherapy/biologic therapy: All cytotoxic chemotherapy/biologic 

therapy must be discontinued ≥ 7 days prior to enrollment.  

b. Antibody Therapy: The last dose of anti-tumor antibody therapy (including check 

point inhibitor) must be at least 3 half-lives or 30 days, whichever is shorter, 

from the time of enrollment. Bevacizumab will be considered biologic therapy.  

c. Cellular Therapy: must be at least 30 days from most recent cell infusion prior to 

enrollment 

d. Steroid use: All systemically administered (i.e. Subcutaneous, Intramuscular, PO 

or IV) corticosteroid therapy (unless physiologic replacement dosing) must be 

stable or decreasing for ≥ 1 week prior to enrollment, with a maximum 

dexamethasone dose of 2.5 mg/m2/day ongoing at enrollment. Corticosteroid 

physiologic replacement therapy for management of pituitary/adrenal axis 

insufficiency and/or topical administration (e.g. inhaled or dermatologic) is 

allowed. 

8.  Adequate hematologic values, all of the following in Table 3-1 must be true: 

Table 3-1 Screening Hematologic Values 

Analyte Value 

Absolute lymphocyte count (ALC) 1 ≥ 100 cells/uL 

Absolute neutrophil count (ANC) ≥ 500 cells/uL 

Hemoglobin 2 ≥ 9 g/dL 

Platelets 2 ≥100,000/µL 
1Value not required to be met if subject has previously obtained apheresis product 

acceptable and available for manufacturing of CAR T cells  

2Subjects receiving blood product transfusion(s) are acceptable as long as they are not 

determined to be transfusion refractory 

9. Adequate renal function, as indicated by serum creatinine ≤ the upper limit of normal 

(ULN), per Table 3-2: 

Table 3-2 Serum Creatinine ULN Based on Age and Sex 

Serum Creatinine (mg/dL) ULN 

Age Male Female 

1 to < 2 yrs 0.6 0.6 

2 to < 6 yrs 0.8 0.8 

6 to <10 yrs 1 1 

10 to < 13 yrs 1.2 1.2 

13 to < 16 yrs 1.5 1.4 
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≥ 16 yrs 1.7 1.4 

10. Adequate hepatic function as indicated by either of the following:  

a. Total bilirubin < 3 times ULN for age, OR  

b. Conjugated bilirubin < 2 mg/dL 

11. Adequate respiratory function as indicated by BOTH of the following:  

a. Oxygen saturation ≥ 90% on room air without supplemental oxygen or 

mechanical ventilation, AND  

b. No dyspnea at rest 

12. Adequate neurologic function as indicated by all of the following: 

a. Signs and symptoms of neurologic deficit must be stable for ≥ 1 week prior to 

enrollment, AND  

b. ≤ two anti-epileptic agents are required to control seizure activity, AND  

c. No clinically evident encephalopathy present 

13. Virology negative within 3 months prior to enrollment, to include all of the following: 

a. HIV antigen & antibody, AND 

b. Hepatitis B surface antigen, AND 

c. Hepatitis C antibody OR if antibody positive, Hepatitis C polymerase chain 

reaction (PCR) is negative 

14. Subjects of childbearing/fathering potential must agree to use highly effective 

contraception (Appendix 6 – Highly Effective Contraception) from the time of 

enrollment through 12 months following the last T cell infusion 

 Exclusion criteria 

1. Presence of ≥ Grade 3 cardiac dysfunction or symptomatic arrhythmia requiring 

intervention 

2. Presence of primary immunodeficiency/bone marrow failure syndrome 

3. Presence of clinical and/or radiographic evidence of impending herniation 

4. For Arm C subjects only: Presence of > Grade 3 dysphagia 

5. Presence of active malignancy other than the CNS tumor under study 

6. Presence of active severe infection, defined as either of the following: 

a. Positive blood culture within 48 hours of enrollment, OR 

b. Fever > 38.2ºC AND clinical signs of infection within 48 hours of enrollment 

7. Pregnant or breastfeeding 

8. Subject and/or authorized legal representative unwilling to provide consent/assent for 

study participation, including participation in the 15-year follow-up period, which is 

required if CAR T cell therapy is administered 



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 25 of 102 

9. Presence of any condition that, in the opinion of the investigator, would prohibit the 

subject from undergoing treatment under this protocol 
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4 DRUG INFORMATION 

4.1 T Cell Product 

Investigational product for BrainChild-03 is composed of autologous CD4+ and CD8+ T cells 

that express an B7-H3-specific CAR and EGFRt. The B7-H3-specific CAR consists of a scFv 

binding domain derived from the B7-H3-binding monoclonal antibody huBRCA84D. The 

CAR’s signaling domains include 4-1BB and CD3 chain.  

T cell product manufacturing will be conducted in the SCRI Therapeutic Cell Production Core 

(TCPC) GMP facility under approved Investigational New Drug (IND) processes. 

Cryopreserved cells will be stored in vapor phase in a controlled access LN2 (liquid nitrogen) 

freezer until released for clinical use. On the day of T cell product infusion, cryopreserved 

unit(s) will be thawed, aseptically washed, and formulated in a sterile, single-use syringe as 

specified in standard thaw and wash procedures. Formulated CAR T cell product must be 

administered prior to the expiration date/time specified in standard thaw and wash procedures 

and recorded on the syringe label. 

 Possible side effects of intracranially delivered CAR T cell therapy 

Please see the SCRI-CARB7H3(s) Investigator’s Brochure for safety information. 
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5 TREATMENT PROGRAM 

5.1 Overview of Treatment Plan 

 Treatment Arm assignment 

Subjects will be enrolled into one of three Treatment Arms according to disease pathology, 

disease location, and subsequent CNS-directed CAR T cell delivery route. 

Arm A will include subjects whose CAR T cells will be delivered into the tumor cavity. 

Arm B will include subjects whose CAR T cells will be delivered into the ventricular system. 

Arm C will include subjects with DIPG whose CAR T cells will be delivered into the 

ventricular system. 

Within each Arm, subjects will be enrolled into a defined Dose Regimen (DR). Subjects will 

receive a different combination of Dose Levels (DL) depending on the DR into which they are 

enrolled. 

The specific DLs within each DR are: 

Table 5-1 CAR T Cell Dose Levels  

Dose Level (DL) Dose 

DL 1 (test dose) 1 x 107 cells 

DL 2 2.5 x 107 cells 

DL 3 5 x 107 cells 

DL 4 10 x 107 cells 

During the time from apheresis to infusion of CAR T cells, subjects may return to the care of 

their primary physician and may receive additional cancer-directed therapy (see 5.4 Bridging 

Therapy). The site team will be notified when the subject’s CAR T cell product is released and 

available so that the CAR T cell infusion may be scheduled. 

CAR T cell therapy will be administered on Study Weeks 1 through 3 (Arms A and B) or 

Weeks 1 and 3 (Arm C) of each 4-week Course. Dosing will start with a test dose (DL 1) at 

Week 1. Arm A and B, DR 1 will establish the safety of the test dose plus a single DL 

escalation. Arm C DR 1 will establish the safety of the intermittent administration of the test 

dose without DL escalation. 

 Dose Regimen assignment 

Detailed rules for DR assignment are described in Section 9.9.1 Arms and DLT observation 

periods. 

If the quantity of the initial manufactured CAR T cell product is less than the specified DL, but 

is otherwise releasable by TCPC, it may be administered as long as the subject meets criteria to 
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undergo initial T cell infusion (Section 5.5.1 Requirements for initial CAR T cell infusion) and 

the occurrence is clearly documented in the subject files (see Section 5.6 Guidelines for 

Administering the CAR T Cell Product). However, in the absence of a DLT during Courses 1 

and 2, such subjects will not be evaluable for DR escalation per Section 9.9.2 Dose Regimen 

(DR) escalation rules. 

If a subject has a releasable CAR T cell product but treatment is suspended (during the 

mandated period between participants, or while the data are under review by the Data Safety 

Monitoring Board [DSMB] or Food and Drug Administration [FDA]) and the subject is not 

medically stable enough to wait until treatment is reinitiated, the subject may receive their CAR 

T cell product according to the schedule and specific CAR T cell DLs of the maximum DR 

already deemed tolerable. 

Subjects who are removed/withdraw from the protocol prior to receiving CAR T cell product 

will be replaced to meet statistical guidelines for evaluation of toxicity and feasibility.  

 Description of Dose Regimens 

Dose regimens (DR) will be the same for Arms A and B using an intra-patient dose escalation 

schema with weekly dosing during 3 of every 4 weeks. Arm C will use every other week 

dosing. 
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 Arm A and B Dose Regimens 1 through 3 

Figure 5-1 Arm A and B Dose Regimen 1 

 

Subjects enrolled in Arm A and B DR 1 will receive Course 1 consisting of DL 1 on Weeks 1, 

2, and 3 followed by a rest during Week 4, with clinical evaluations. 

Course 2 will commence for subjects without DLT and who meet criteria for subsequent CAR T 

cell infusions (Section 5.5.2 Requirements for subsequent CAR T cell infusion and dose 

modification). Subjects will receive DL 1 on Week 1, DL 2 on Weeks 2 and 3, followed by a 

rest during Week 4 with disease evaluation, including radiographic restaging. 

Following Course 2, subjects meeting criteria for further CAR T cell infusion (Section 5.5.2) 

may receive additional Courses of therapy until subject meets criteria for removal from protocol 

therapy, intolerable toxicity, or depletion of available manufactured CAR T cells. The DLs for 

Courses 3 and beyond will be no higher than DL 2 or the dose which no DLTs were 

experienced by the subject during Courses 1 and 2. A lower DL may be administered based on 

availability of CAR T cells, see Section 5.1.2 Dose Regimen assignment. Treatment will be 

administered on Weeks 1, 2, and 3 followed by a rest week every fourth week. Disease 

restaging evaluations will occur as indicated in the schedule of procedures.  
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Figure 5-2 Arm A and B Dose Regimen 2 

 

Subjects enrolled in Arm A and B DR 2 will receive Course 1 consisting of DL 1 on Week 1, 

DL 2 on Weeks 2 and 3 followed by a rest during Week 4, with clinical evaluations. 

Course 2 will commence for subjects meeting criteria for subsequent CAR T cell infusion 

(Section 5.5.2). Subjects will receive DL 2 on Week 1, DL 3 on Weeks 2 and 3, followed by a 

rest during Week 4 with disease evaluation, including radiographic restaging. 

Following Course 2, subjects meeting criteria for further CAR T cell infusion (Section 5.5.2) 

may receive additional Courses of therapy until subject meets criteria for removal from protocol 

therapy, intolerable toxicity, or depletion of available manufactured CAR T cells. The DLs for 

Courses 3 and beyond will be no higher than DL 3 or the dose at which no DLTs were 

experienced by the subject during Courses 1 and 2. A lower DL may be administered based on 

availability of CAR T cells, see Section 5.1.2 Dose Regimen assignment. Treatment will be 

administered on Weeks 1, 2, and 3 followed by a rest week every fourth week. Disease 

restaging evaluations will occur as indicated in the schedule of procedures.   
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Figure 5-3 Arm A and B Dose Regimen 3 

 

Subjects enrolled in Arm A and B DR 3 will receive Course 1 consisting of DL 1 on Week 1, 

DL 3 on Weeks 2 and 3 followed by a rest during Week 4, with clinical evaluations. 

Course 2 will commence for subjects meeting criteria for subsequent CAR T cell infusion 

(Section 5.5.2). Subjects will receive DL 3 on Week 1, DL 4 on Weeks 2 and 3, followed by a 

rest during Week 4 with disease evaluation, including radiographic restaging. 

Following Course 2, subjects meeting criteria for further CAR T cell infusion (Section 5.5.2) 

may receive additional Courses of therapy until subject meets criteria for removal from protocol 

therapy, intolerable toxicity, or depletion of available manufactured CAR T cells. The DLs for 

Courses 3 and beyond will be no higher than DL 4 or the dose at which no DLTs were 

experienced by the subject during Courses 1 and 2. A lower DL may be administered based on 

availability of CAR T cells, see Section 5.1.2 Dose Regimen assignment. Treatment will be 

administered on Weeks 1, 2, and 3 followed by a rest week every fourth week. Disease 

restaging evaluations will occur as indicated in the schedule of procedures.   
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 Arm C Dose Regimens 1 through 4 

Figure 5-4 Arm C Dose Regimen 1 

 

Subjects enrolled in Arm C DR1 will receive Course 1 consisting of DL 1 on Weeks 1 and 3 

followed by a rest during Week 4, with clinical evaluations. 

Course 2 will commence for subjects without DLT and who meet criteria for subsequent CAR T 

cell infusions (Section 5.5.2). Subjects will receive DL 1 on Week 1 and DL 1 on Week 3, 

followed by a rest during Week 4 with disease evaluation, including radiographic restaging. 

Following Course 2, subjects meeting criteria for further CAR T cell infusion (Section 5.5.2) 

may receive additional Courses of therapy until subject meets criteria for removal from protocol 

therapy, intolerable toxicity, or depletion of available manufactured CAR T cells. The DLs for 

Courses 3 and beyond will be no higher than DL 1 unless a subsequent DR has been cleared for 

escalation or for selection as the MTDR. In that case, the subject may increase to the highest DL 

on the subsequent DR. Treatment will be administered on Weeks 1 and 3 followed by a rest 

week every fourth week. Disease restaging evaluations will occur as indicated in the schedule of 

procedures.  

 

  



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 33 of 102 

Figure 5-5 Arm C Dose Regimen 2 

 

Subjects enrolled in Arm C DR 2 will receive Course 1 consisting of DL 1 on Weeks 1 and 3 

followed by a rest during Week 4, with clinical evaluations. 

Course 2 will commence for subjects without DLT and who meet criteria for subsequent CAR T 

cell infusions (Section 5.5.2). Subjects will receive DL 2 on Weeks 1 and 3, followed by a rest 

during Week 4 with disease evaluation, including radiographic restaging. 

Following Course 2, subjects meeting criteria for further CAR T cell infusion (Section 5.5.2) 

may receive additional Courses of therapy until subject meets criteria for removal from protocol 

therapy, intolerable toxicity, or depletion of available manufactured CAR T cells. The DLs for 

Courses 3 and beyond will be no higher than DL2 or the dose at which no DLTs were 

experienced by the subject during Courses 1 and 2 unless the subject did not experience a DLT 

and a subsequent DR has been cleared for escalation or for selection as the MTDR.  If that 

occurs, then the DL may increase to the highest DL on the cleared DR. A lower DL may be 

administered based on availability of CAR T cells, see Section 5.1.2 Dose Regimen assignment.  

Treatment will be administered on Weeks 1 and 3 followed by a rest week every fourth week. 

Disease restaging evaluations will occur as indicated in the schedule of procedures.  
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Figure 5-6 Arm C Dose Regimen 3 

 

Subjects enrolled in Arm C DR 3 will receive Course 1 consisting of DL 1 on Week 1 and DL 2 

on Week 3 followed by a rest during Week 4, with clinical evaluations. 

Course 2 will commence for subjects meeting criteria for subsequent CAR T cell infusion 

(Section 5.5.2). Subjects will receive DL 3 on Weeks 1 and 3, followed by a rest during Week 4 

with disease evaluation, including radiographic restaging. 

Following Course 2, subjects meeting criteria for further CAR T cell infusion (Section 5.5.2) 

may receive additional Courses of therapy until subject meets criteria for removal from protocol 

therapy, intolerable toxicity, or depletion of available manufactured CAR T cells. The DLs for 

Courses 3 and beyond will be no higher than DL 3 or the dose at which no DLTs were 

experienced by the subject during Courses 1 and 2 unless a subsequent DR has been cleared for 

escalation or for selection as the MTDR. If that occurs, then the DL may increase to the highest 

DL on the cleared DR. A lower DL may be administered based on availability of CAR T cells, 

see Section 5.1.2 Dose Regimen assignment. Treatment will be administered on Weeks 1 and 3 

followed by a rest week every fourth week. Disease restaging evaluations will occur as 

indicated in the schedule of procedures.   
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Figure 5-7 Arm C Dose Regimen 4 

 

Subjects enrolled in Arm C DR 4 will receive Course 1 consisting of DL 1 on Week 1 and DL 3 

on Week 3 followed by a rest during Week 4, with clinical evaluations. 

Course 2 will commence for subjects meeting criteria for subsequent CAR T cell infusion 

(Section 5.5.2). Subjects will receive DL 4 on Weeks 1 and 3, followed by a rest during Week 4 

with disease evaluation, including radiographic restaging. 

Following Course 2, subjects meeting criteria for further CAR T cell infusion (Section 5.5.2) 

may receive additional Courses of therapy until subject meets criteria for removal from protocol 

therapy, intolerable toxicity, or depletion of available manufactured CAR T cells. The DLs for 

Courses 3 and beyond will be no higher than DL 4 or the dose at which no DLTs were 

experienced by the subject during Courses 1 and 2. A lower DL may be administered based on 

availability of CAR T cells, see Section 5.1.2 Dose Regimen assignment. 

Treatment will be administered on Weeks 1 and 3 followed by a rest week every fourth week. 

Disease restaging evaluations will occur as indicated in the schedule of procedures.  

 Treatment Plan Delays 

During each Course, the time interval between each CAR T cell infusion will be according to 

the Schedule of Procedures and based upon the date of the most recent CAR T cell infusion. 

The end date of each Course will be the date of completion of Week 4 evaluations per the 

Schedule of Procedures. The start date of each Course will be the date that the Week 1 CAR T 

cell infusion required evaluations are performed. 

Within Course 1 and 2, if a subject does not meet the criteria to receive a CAR T cell infusion 

(Section 5.5.2) on the planned infusion day of a Course regardless of attribution to the CAR T 

cells, the infusion may be delayed no more than 3 weeks from the planned infusion date. If 

delayed greater than 3 weeks from the planned infusion date, the subject will be removed from 
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protocol therapy and will not receive further CAR T cell treatment. See Section 8.1 Removal 

from Protocol Therapy. 

Between Course 2 and Course 3, delays due to family/subject preference, investigator 

discretion, or due to subject recovery from a surgical procedure (e.g., tumor biopsy) are 

allowed. Following Course 3, only delays due to subject recovery from a surgical procedure 

(e.g., tumor biopsy) or due to travel disruptions are allowed. During the delay subjects must 

continue to be followed for concomitant medications (Section 7.8) and adverse events (Section 

7.9). Criteria for removal from protocol therapy in Sections 5.5.2 and 8.1 will override 

family/subject/investigator preference delays as noted above. 

Beyond Course 2, subjects must receive at least the Week 1 infusion of any Course but may 

skip the other scheduled infusions. If a subject does not receive an infusion within 3 weeks of 

the Week 1 infusion, the next infusion will be considered a new Course. If infusions are 

delayed, the subsequent pre- and post-visit evaluations/procedures (see Appendix 2 – Schedule 

of Procedures) will be timed based upon the next administered CAR T cell infusion. If an 

infusion is not given, the pre- and post-visit procedures for that infusion are not required. If 

delay to subsequent infusion is greater than 8 weeks from prior infusion, disease response 

assessment must be obtained prior to dosing. 

5.2 Dose-Limiting Toxicity (DLT) 

A DLT is an event, defined below, which, in the opinion of the investigator, is possibly, 

probably, or definitely attributable to the CAR T cell product and which occurs from the time of 

initial CAR T cell infusion through 28 days following the final CAR T cell infusion. The 

Maximum Tolerated Dose Regimen (MTDR) will be established by the occurrence of DLTs 

which occur from the time of initial CAR T cell infusion through 7 days following the final 

CAR T cell infusion received during Course 2. See Section 9.9.4 Definition and determination 

of MTDR and RP2DR, for information on establishing MTDR. 

The definition of a DLT includes all ≥ Grade 3 Common Terminology for AEs (CTCAE) v5 

toxicities except ≥ Grade 3 toxicities that are known to be related to CAR T cells [45], listed 

below. 

Exceptions to ≥ Grade 3 DLTs: 

• Grade 3 CRS that decreases to ≤ Grade 2 within 72 hours of onset 

• ≥ Grade 3 hypotension, fever, chills not controlled with medical intervention that 

decrease to ≤ Grade 2 within 72 hours 

• ≥ Grade 3 activated PTT, fibrinogen, and/or INR that are asymptomatic and resolve 

within 72 hours 

• ≥ Grade 3 hypoglycemia and/or electrolyte imbalance that are asymptomatic and 

resolve within 72 hours 

• ≥ Grade 3 nausea and/or vomiting that decrease to ≤ Grade 2 within 7 days 
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• Arm A and B only: Grade 3 neurological adverse event that decreases to ≤ Grade 2 

within 7 days  

• Arm C only: Grade 3 neurological adverse event that decreases to ≤ Grade 2 within 

21 days (treatment with dexamethasone and/or bevacizumab is allowed) 

The definition of a DLT also includes any related toxicity lasting > 14 days which prohibits the 

subject from meeting criteria for subsequent CAR T cell infusion. 

5.3 Apheresis for T Cell Isolation 

Subjects who do not already have an apheresis product available for use in manufacturing will 

undergo apheresis to obtain T cells from which individualized CAR T cell therapy will be 

manufactured. Apheresis may take place in either an outpatient or inpatient setting and will be 

performed per institutional standard operating procedure. After meeting requirements for 

apheresis, subjects will undergo apheresis with a target total lymphocyte collection of 1 x 109.  

In instances of manufacturing failure or insufficient availability of starting material subjects 

may undergo a repeat apheresis procedure if the Principal Investigator feels it may yield a 

successful product. Subjects who have already initiated CAR T cell infusions and are eligible 

for ongoing CAR T cell therapy but no longer have available CAR T cell product and who do 

not have sufficient starting material for additional manufacture may undergo repeat apheresis. 

All subjects undergoing apheresis or repeat apheresis must meet requirements for apheresis, 

noted in Section 5.3.1. 

 Requirements for apheresis 

Subjects with active, severe, infection may not undergo apheresis. For the purpose of this trial, 

active, severe infection is defined as: 

• Positive blood culture within 48 hours of blood draw, OR 

• Fever > 38.2°C AND clinical signs of infection within 48 hours of blood draw 

5.4 Bridging Therapy 

During the period between apheresis and CAR T cell infusion, subjects may return to the care of 

their primary physician. Additional therapy aimed at controlling disease burden to allow the 

subject to meet criteria for CAR T cell infusion may be given. Refer to Section 5.5.1 

Requirements for initial CAR T cell infusion and Table 5-2 for Pre-T Cell Therapy Wash-Out 

Requirements. 

5.5 CAR T Cell Product Infusion 

 Requirements for initial CAR T cell infusion 

The following criteria must be met prior to administration of initial CAR T cell product: 

• First 3 subjects (this requirement has been met as of 8/27/2020):  
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o Age ≥ 15 and ≤ 26 years 

o Only treated on Arm A or Arm B 

• Subjects subsequent to the first 3 treated:  

o Age ≥ 1 and ≤ 26 years 

o May be enrolled on any Arm (Note: See Section 9.9.1 Arms and DLT 

observation periods: Subjects may be enrolled on Arm C once 3 subjects 

have been treated on Arm A and/or Arm B, and at least 1 subject on Arm A 

or B completes Course 2 without experiencing a DLT. This requirement has 

been met as of 04/29/20.) 

• Subject has a CNS reservoir catheter in place 

• Subject is ≥ 5 days from CNS surgery, including catheter placement 

• Subject has confirmed evidence of persistent, evaluable disease 

• Subject is not breastfeeding 

• Female subjects of childbearing potential only: subject has a negative pregnancy 

test within 2 days prior to initial CAR T cell infusion 

• Regarding bridging therapy: 

o If the subject has achieved defined partial or complete remission with 

bridging therapy, the Study Chair or designee will recommend to the 

subject’s treating oncologist that the bridging therapy be continued. The 

subject may be re-evaluated and would be eligible to receive CAR T cell 

treatment upon meeting requirements for CAR T cell infusion. 

o The following treatments must be discontinued for the specified duration 

(washout period) prior to infusion of the CAR T cell product, and subject 

must have recovered from acute therapy associated toxicities. 
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Table 5-2 Pre-T Cell Therapy Washout Requirements 

Treatment 
Wash-out Period 

(prior to CAR T cell product infusion) 

Radiation therapy ≥ 6 weeks 

Bevacizumab ≥ 28 days 

Cytotoxic chemotherapy ≥ 21 days 

Biologic agents ≥ 7 days 

Antibody therapy 

(eg, murine, chimeric or 

humanized monoclonal 

antibodies) 

T cell growth factors 

(eg, IL-2, IL-7 or IL-15) 

Interferons 

Vaccines 

 

≥ 3 half-life or 30 days 

(whichever is shorter) 

Cellular therapy 
≥ 30 days since last infusion 

 

Any investigational agent 
≥ 3 half-life or 30 days 

(whichever is shorter) 

• If the subject is receiving corticosteroids for symptomatic relief from their CNS 

disease, steroid dosing must be stable or decreasing for ≥ 1 week with a maximum 

dexamethasone dose of 2.5 mg/m2/day on the day of the infusion. Corticosteroid 

physiologic replacement therapy for management of pituitary/adrenal axis 

insufficiency and/or topical administration (e.g., inhaled or dermatologic) is 

allowed. 

• Subject must have adequate organ function as indicated by: 

o Renal: Serum creatinine ≤ ULN per Table 3-2 Screening Serum Creatinine 

Values 

o Hepatic: Total bilirubin < 3 times ULN for age OR conjugated bilirubin < 2 

mg/dL 

o Respiratory: Oxygen saturation ≥ 90% on room air without supplemental 

oxygen or mechanical ventilation, and no dyspnea at rest 

o Hematologic: Platelets ≥ 100,000/µL (transfusion(s) allowed to meet 

criteria) 

• No evidence of clinically significant progressive encephalopathy or uncontrolled 

seizure activity. 

• Subject is taking an anti-seizure medication.  

• No evidence of active severe infection, defined as: 1) positive blood culture within 

48 hours of CAR T cell infusion; or 2) fever > 38.2°C AND clinical evidence of 

infection within 48 hours of CAR T cell infusion 
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 Requirements for subsequent CAR T cell infusion and dose 

modification 

The following criteria must be met prior to administration of subsequent CAR T cell product: 

 No DLT (Section 5.2) has occurred following infusion of CAR T cell (See Section 8 

Removal from Protocol Therapy & Off Study Criteria). 

 Cryopreserved CAR T cells are available and released for infusion 

 Subject must have adequate organ function as indicated by: 

o Renal: Serum creatinine ≤ ULN per Table 3-2 

o Hepatic: Total bilirubin < 3 times ULN for age OR conjugated bilirubin < 2 

mg/dL 

o Respiratory: Oxygen saturation ≥ 90% on room air without supplemental oxygen 

or mechanical ventilation, and no dyspnea at rest 

o Hematologic: Platelets ≥ 100,000/µL (transfusion(s) allowed to meet criteria) 

 No evidence of clinically significant progressive encephalopathy or uncontrolled seizure 

activity 

 Subject is taking an anti-seizure medication 

 No evidence of active severe infection, defined as: 1) positive blood culture within 48 

hours of CAR T cell infusion; or 2) fever > 38.2°C AND clinical evidence of infection 

within 48 hours of CAR T cell infusion 

 Subject has a CNS reservoir catheter in place 

 Subject is not breastfeeding 

 Female subjects of childbearing potential only: subject has a negative pregnancy test 

within 2 days prior to Week 1 CAR T cell infusion of each Course 

5.6 Guidelines for Administering the CAR T Cell Product 

The administered dose of CAR T cell therapy may be within +10% of the protocol prescribed 

dose. Administering a dose of CAR T cell therapy varying by greater than +10% of the protocol 

prescribed dose is not permitted without prior Sponsor approval. All dosing deviances should be 

communicated to the Sponsor and the occurrence clearly documented in the subject files. Please 

refer to Section 5.1 Overview of Treatment Plan for full details of the study dosing requirement. 

Subjects may undergo CAR T cell infusion in the outpatient or inpatient setting. When 

clinically prudent, subjects may be admitted to the hospital following the CAR T cell infusion 

for observation and monitoring if they exhibit minor symptoms which, if to worsen, could place 

the subject at risk of an adverse medical outcome. 

In addition to institutional guidelines for infusion of cellular products, subjects are to be 

administered CAR T cell product according to the following guidelines: 



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 41 of 102 

• Prior to CAR T cell product administration (in instances of documented allergy or 

sensitivity to any of the below pre-medications clinical discretion may be used for 

appropriate substitution): 

o Required: acetaminophen 

 Recommended dosing: 12.5 mg/kg (maximum dose 650 mg), PO 

o Optional: diphenhydramine 

 Recommended dosing: 0.5 mg/kg (maximum dose 50 mg), IV or PO 

o Optional: ondansetron 

 Recommended dosing: 0.15 mg/kg (maximum dose 8 mg), IV or PO 

• Thawed, formulated CAR T cell product will be administered slowly through a 

catheter placed into the tumor cavity or ventricular system. 

• Microaggregate filters and leukodepletion filters must not be used to infuse CAR T 

cell products. 

• CAR T cell infusion must be followed by a preservative-free normal saline (PFNS) 

flush delivered slowly via a manual push technique to clear the administration line 

and catheter. The volume of PFNS is dependent on catheter size and will be 

determined at time of enrollment and then kept consistent for each CAR T cell 

infusion the subject receives. 

5.7 Concomitant Medication and Supportive Care 

 Anti-seizure medication 

Seizures may cause significant short and long-term impairment, however treatment-related 

seizures may be a preventable complication in subjects receiving localized therapy for intra-

cranial tumors. It is required that seizure prophylaxis begin prior to the subject’s initial CAR T 

cell infusion on study and continue until 1 month following the final CAR T cell infusion on 

study. Levetiracetam is recommended; however, an alternative anti-seizure medication may be 

given per investigator discretion.  

 Blood product support 

All blood products will be transfused per institutional standards. 

It is strongly recommended that platelet transfusions be given to maintain a platelet count ≥ 

100,000/µL prior to initial, and between, CAR T cell infusions. 

It is recommended that packed red blood cells (PRBCs) be given to maintain a hematocrit of ≥ 

25% during the immediate post-CAR T cell infusion periods (to include the first 48 hours) and 

during periods of Grade 2-4 CRS, unless clinically the subject has a higher established 

transfusion threshold. 

Cryoprecipitate should be given to maintain fibrinogen > 150 mg/dL. 
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 Antimicrobial prophylaxis 

Pneumocystis jiroveci pneumonia (PJP) prophylaxis should be given per institutional standards.  

Meningeal dosing of antibiotics should be considered based on history, clinical presentation, 

and physical examination for subjects who develop fever > 38.2°C within 72 hours of CAR T 

cell infusion.  

Infectious disease management should follow institutional standards but may be individualized 

as clinically indicated. Institutional standards for infectious diseases will guide addition of 

antimicrobial agents in cases of persistent or recurrent fever. 

Additionally, if the CAR T cell product has a positive culture which is discovered after being 

infused into the subject, blood cultures will be drawn and appropriate antibiotic coverage will 

be initiated, as follows: 

 For gram negative organisms: ceftazidime and gentamicin should be started until 

identification and susceptibility have been determined and antibiotic coverage 

can then be tailored to the specific bacteria. If the subject has a cephalosporin 

allergy, in infectious disease consult should be obtained to determine appropriate 

antibiotic coverage. Additionally, ciprofloxacin may be substituted for 

gentamicin if the subject has impaired renal function 

 For fungal organisms: an infectious disease consult should be obtained to 

determine appropriate antibiotic coverage 

If the subject’s blood cultures remain negative for 5 days and the subject remains clinically 

well, antimicrobials may be discontinued. 

 Prohibited medications 

The following agents are not allowed from the time of initial CAR T cell infusion through 28 

days following the final CAR T cell infusion or time of removal from protocol therapy (Section 

8.1) (whichever comes first): 

• Anti-tumor directed chemotherapy 

• Systemic immunosuppressive agents (other than corticosteroids) unless given to 

treat symptoms attributed to CAR T cells as noted in Section 6.3 Management of 

Cytokine Release Syndrome (CRS) and Section 6.4 Management of Non-CRS 

Toxicity Associated with Infused CAR T Cells into the CNS. 

• Immunotherapy (other than the protocol-specified CAR T cell infusions) 

• Other investigational agents, unless used to treat or prevent symptoms related to 

protocol CAR T cell infusions 
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6 MANAGEMENT OF TOXICITIES AND COMPLICATIONS 

6.1 Symptoms Associated with Apheresis 

Side effects that may occur during cell collection include nausea, vomiting, fainting or 

dizziness, seizures, skin rash, hives, flushing (redness and warmness of the skin, usually the 

face), blood loss, and infection. Tingling of the lips, muscle cramping, and, very rarely, changes 

in heart rhythm, may occur. These symptoms may be prevented or made milder by giving 

calcium supplements, either IV or PO during the apheresis procedure. Very rarely (< 1 in 1,000 

procedures) clotting may occur in the apheresis machine or in the subject and is potentially 

life-threatening. To reduce the risk of clotting, acid-citrate-dextrose (ACD) and heparin may be 

given during the apheresis procedure. ACD may increase the risk of bleeding and may cause 

temporary tingling of the lips and limbs, muscle cramping, seizures, or changes in heart rhythm. 

Heparin may also increase the risk of bleeding. Transfusions of both PRBC and platelets may 

be required surrounding the procedure. 

6.2 Symptoms Associated with CAR T Cell Infusion 

Mild, transient symptoms have been observed while receiving or within 24 hours of receiving 

CAR T cell therapy including fevers, chills, rigors, headache, and, rarely, nausea, vomiting, 

hypotension, and pulmonary toxicity. Clinical changes may represent a recently reported 

distinct syndrome, tumor inflammation associated neurotoxicity (TIAN), that consists of 

immunotherapy-induced fever, headaches, and neurologic changes [84]. The management of 

these symptoms is outlined below. 

Fever, chills and temperature elevations > 38.2°C may be managed with additional 

acetaminophen as clinically indicated, and/or 1 mg/kg meperidine (Demerol) IV for chills 

(maximum 50 mg). Additional methods such as cooling blankets may be employed for fevers 

resistant to these measures. All subjects who develop fever and/or chills should have a blood 

culture drawn and be admitted for IV antibiotics and supportive care. 

Headache may be managed with additional acetaminophen as clinically indicated, and 

magnesium, diphenhydramine/metoclopramide, NS fluid, and/or narcotics may be considered. 

Nausea and vomiting may be treated with additional ondansetron, and 

diphenhydramine/metoclopramide, scopolamine, lorazepam, and/or olanzapine may be 

considered. 

Hypotension: 

• Transient hypotension may initially be managed by intravenous fluid 

administration; however, subjects with persistent hypotension may require transfer 

to the intensive care unit (ICU) for definitive medical treatment. 

• If significant hypotension occurs during the CAR T cell infusion, the infusion 

should be immediately suspended. Significant hypotension is defined as 

symptomatic and/or systolic blood pressure < 80 mmHg for age > 12 years, < 70 

mm/hg for age < 12 years, or a 15% drop from baseline, whichever value is lower. 
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• Treatment for significant hypotension will follow institution standard practice. 

Hypoxemia may be managed by standard clinical practice. 

If the CAR T cell infusion is stopped before completion and the symptoms causing cessation 

return to baseline within 30 minutes, the CAR T cell infusion may be restarted at a slower rate. 

All product must be infused prior to the expiration time/date listed on the syringe label. 

If the CAR T cell infusion is terminated due to acute toxicity occurring during the infusion, the 

residual CAR T cell product should be returned to the TCPC for analysis. Investigation of 

possible causes of observed symptoms should proceed and, if necessary, additional medical 

treatment should be instituted. 

6.3 Management of Cytokine Release Syndrome (CRS) 

All subjects for whom there is concern for CRS will be admitted to the hospital for observation. 

In subjects with adverse events (AEs) during in vivo expansion of CAR T cells, additional 

laboratory testing will be requested. If a subject is suspected of having CRS, additional samples 

may be sent for clinical cytokine analysis per treating physician discretion and additional 

Correlative Sciences specimens may be requested. Subjects may receive cytokine-directed 

therapy for symptom control including, but not limited to, tocilizumab, an IL-6 antagonist. The 

use of corticosteroids may be given to prevent a more serious toxicity. Table 6-1 provides 

guidelines for CRS management.  

Table 6-1 Recommended Symptom Management for CRS 

Symptom related to CRS Suggested Intervention 

Fever > 38.2°C 
Acetaminophen (12.5 mg/kg) PO/IV up to 

every 4 hrs 

Persistent fever ≥ 39 °C for 6 hrs that is 

unresponsive to acetaminophen 
Tocilizumab (8-12 mg/kg) IV 

Persistent fevers ≥ 39 °C after Tocilizumab 
Dexamethasone 5-10 mg IV/PO up to every 6-

12 hrs with continued fevers 

Recurrence of symptoms 48 hrs after initial dose 

of Tocilizumab  
Tocilizumab (8-12 mg/kg) IV 

Hypotension Fluid bolus, target hematocrit > 24% 

Persistent/recurrent hypotension after initial fluid 

bolus (within 6 hrs) 
Tocilizumab (8-12 mg/kg) IV 

Use of low dose vasopressors for hypotension for 

longer than 12 hrs 

Dexamethasone 5-10 mg IV/PO up to every 6 

hrs with continued use of vasopressors 

Initiation of higher dose vasopressors or addition 

of a second pressor for hypotension 

Dexamethasone 5-10 mg IV/PO up to every 6 

hrs with continued use of vasopressors 

Initiation of oxygen supplementation Tocilizumab (8-12 mg/kg) IV 
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Increasing respiratory support with concern for 

impending intubation 

Dexamethasone 5-10 mg IV/PO up to every 6-

12 hrs with continued use of vasopressors 

Recurrence/Persistence of symptoms for which 

Tocilizumab was given ≥ 48 hrs after initial dose 

was administered  

Tocilizumab (8-12 mg/kg) IV 

6.4 Management of Non-CRS Toxicity Associated with Infused CAR T Cells into the 

CNS 

When clinically prudent, subjects may be admitted to the hospital following the CAR T cell 

infusion for observation and monitoring if they exhibit minor symptoms which, if to worsen, 

could place the subject at risk of an adverse medical outcome. 

Mild, transient symptoms have been observed greater than 24 hours after receiving CAR T cell 

treatment including fevers, headache, nausea, vomiting, and increase in neurologic changes 

from baseline. Suggested management of these symptoms is outlined below. 

Fever may be managed with acetaminophen as clinically indicated. Avoid the use of NSAIDs. 

Consider obtaining blood culture and/or initiation of antibiotic therapy based upon clinical 

symptoms and institutional standards. 

Headache may be managed with acetaminophen. If unresponsive to acetaminophen, consider 

magnesium, diphenhydramine/metoclopramide, NS fluid, and/or narcotics. 

Nausea and vomiting may be treated with ondansetron. If unresponsive to ondansetron, consider 

diphenhydramine/metoclopramide, scopolamine, lorazepam, and/or olanzapine. 

Seizures may require a medical evaluation with recommended neurology consult, hospital 

admission, and appropriate anti-seizure medication(s). Dexamethasone (10 mg x 1 dose) and 

neuroimaging should be considered. 

Neurologic changes may be treated with symptomatic care and a review of the anti-epileptic 

therapy is recommended. Discussion with the PI, PI designee, and/or neuro-oncologist is 

recommended. For subjects with ≥ Grade 2 neurologic changes, the addition of corticosteroids 

should be considered, with initial dosing recommendations of dexamethasone 5-10 mg IV every 

6 to 12 hours, often until resolution of symptoms. Bevacizumab may be used based on clinical 

judgment. Cytokine-directed therapies may be used based on clinical judgment. Cerebrospinal 

fluid assessments and CNS imaging should be considered as clinically indicated. See Section 

7.16 Correlative Sciences  for Correlative Sciences requirements during periods of systemic 

toxicity possibly, probably, or definitely related to CAR T cells. 

Subjects who develop other serous medically significant toxicity attributable to the infused 

CAR T cell product will also be hospitalized for observation and treatment. 

In addition, subjects who develop a new toxicity ≥ Grade 3 that is possibly, probably, or 

definitely attributable to the CAR T cell infusion other than those noted above, meets the 

definition of a DLT in Section 5.2, and, in the opinion of the Principal Investigator (PI) or PI 
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designee puts the subject at significant risk of an untoward outcome if measures are not taken to 

ameliorate the toxicity, should be given corticosteroids and/or Tocilizumab. 

Table 6-3 Recommended Symptom Management for Non-CRS Toxicity  

Symptom related to Non-CRS Toxicity Suggested Intervention 

Fever > 38.2°C  Acetaminophen 

Headache 

 Acetaminophen 

 Magnesium 

 Diphenhydramine/metoclopramide 

 NS fluids 

Nausea/vomiting 

 Ondansetron 

 Diphenhydramine/metoclopramide 

 Lorazepam 

 Olanzapine 

Seizures  

 Anti-seizure medication 

 Dexamethasone (10 mg) up to every 6 

hours 

Neurologic changes (≥ Grade 2) 

 Anti-seizure medication 

 For Arm C: bevacizumab (10 mg/kg) every 

2 weeks up to 2 doses 

 

6.5 Ablation of T Cells with Cetuximab 

Cetuximab therapy may be initiated to ablate CAR expressing T cells in subjects under the 

following circumstances: 

• Subject is experiencing a toxicity that meets the definition of DLT in Section 5.2 

Dose-Limiting Toxicity (DLT), lasts ≥ 48 hours, AND, in the opinion of the PI or 

designee, cannot be controlled and puts the subject at significant risk of an 

untoward outcome if measures are not taken to ameliorate the toxicity, OR 

• Subject is experiencing any duration or grade of toxicity which, in the opinion of 

the PI or designee, cannot be controlled and puts the subject at significant risk of an 

untoward outcome if measures are not taken to ameliorate the toxicity, OR 

• Subject molecular studies indicate a lymphoproliferative disorder arising from the 

CAR T cells 

The Study Chair or designee must be consulted prior to administering cetuximab.  

Cetuximab is to be administered according to the current package insert.  

Pretreatment with diphenhydramine is recommended 30-60 minutes before each dose of 

cetuximab (recommended diphenhydramine dosing: 1 mg/kg, maximum dose of 50 mg). 
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Cetuximab dosing recommendations are as follows: 

 Subjects age ≥ 18 years, based on FDA approved dosing: loading dose of 400 mg/m2 IV, 

followed by additional weekly doses of 250 mg/m2 IV, if required 

 Subjects age < 18 years: 250 mg/m2 IV administered over 1 hour weekly [92] 

If after 2 cetuximab doses are administered, there is no appreciable decrease in the CAR T cell 

burden, no further doses will be given. For subjects who have an appreciable response to 

cetuximab, up to a total of 4 weekly doses may be given. Any further cetuximab therapy 

following the 4 doses, if deemed necessary by the Sponsor and PI, will be administered only 

after Sponsor consultation with the FDA. 

For all subjects who receive cetuximab, Correlative Sciences samples (peripheral blood and 

CSF) will be collected to determine CAR T cell persistence.  

All Correlative Sciences samples drawn in response to cetuximab administration have a ± 3 day 

window, however a distinct sample must be drawn for each time point (samples may not be 

shared across time points: for instance, 1 sample drawn on day 4 following cetuximab dosing 

could not be used for both Day 1 and Day 3 despite being within the draw window). Refer to 

the study specific lab manual for specimen requirements of all correlative studies samples: 

 Peripheral Blood (all arms): Peripheral blood for Correlative Sciences should be 

collected prior to the initial dose of cetuximab and again on days 1, 3, 7, 10, 14, and 28 

following the initial dose of cetuximab.  

 Cerebrospinal Fluid (Arm A): CSF for Correlative Sciences should be collected prior to 

the initial dose of cetuximab and again at Day 7 following the initial dose of cetuximab. 

 Cerebrospinal Fluid (Arms B and C): CSF for Correlative Sciences should be collected 

prior to the initial dose of cetuximab and again on days 1, 3, 7, 10, 14, and 28 days 

following the initial dose of cetuximab. 

Additional measures may also be taken to resolve toxicity should the protocol-specified 

cetuximab treatment plan fail to abate the side effects associated with the CAR T cell product 

such as, but not limited to, immunosuppressive medications or agents (such as ATG/Campath 

and calcineurin inhibitors) or chemotherapy agents with immunosuppressive properties. 
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Table 6-2 details adverse events observed in clinical trials using cetuximab [90-94]. 

Table 6-2 Adverse Events Observed in Clinical Trials with Cetuximab 

Common Less Common Rare 

 Abdominal pain 

 Anemia 

 Constipation 

 Cough 

 Diarrhea 

 Difficulty breathing 

 Fatigue 

 Headache 

 Hypomagnesemia 

 Infection 

 Leukopenia 

 Liver enzyme elevation 

 Nail changes 

 Nausea/vomiting 

 Neutropenia 

 Peripheral neuropathy 

 Skin reactions 

 Stomatitis 

 Weakness 

 Weight loss 

 Anxiety 

 Bone pain 

 Chills 

 Confusion 

 Dehydration 

 Depression 

 Dry mouth 

 Eye irritation 

 Fever 

 Infusion reaction 

 Insomnia 

 Hypocalcemia 

 Hypokalemia 

 Joint pain 

 Thrombocytopenia 

 Upset stomach 

 Cardiac abnormality 

 Severe infusion 

reaction leading to 

death 
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7 STUDY PROCEDURES AND ASSESSMENTS 

Refer to Appendix 2 – Schedule of Procedures, for a summary of required study activities. 

7.1 Informed Consent/Assent 

Prior to conducting any tests or procedures performed solely for the purposes of the study, 

written informed consent, and assent if applicable, must be obtained from the subject and/or 

subject’s legal representative. 

7.2 Demography 

Demographic information (including date of birth, sex, race and ethnicity) will be transferred 

from the Immunotherapy Registration Portal at Screening. 

7.3 Medical History 

Relevant medical history, including history and treatment of CNS disease, will be obtained per 

the Schedule of Procedures. 

7.4 Performance Status 

Lansky (for subjects < 16 years of age) or Karnofsky (for subjects ≥ 16 years of age) 

performance status will be assessed per the Schedule of Procedures. Subjects who are unable to 

walk because of paralysis, but who are up in a wheelchair, will be considered ambulatory for 

purposes of assessing performance status. Reference Appendix 3 – Performance Status Scales.  

7.5 Physical Examination, Vital Signs, Weight, Height 

Physical examinations, vital signs (must include pulse, respiratory rate, blood pressure and 

temperature), weight and height will be done per the Schedule of Procedures. 

7.6 Pulse Oximetry 

Pulse oximetry will be performed as noted in the Schedule of Procedures.  

7.7 Neurologic Exam 

A neurological exam will be performed as indicated in the Schedule of Procedures. 

7.8 Concomitant Medications 

All concomitant medication and therapies will be documented at time of apheresis and then 

from the time of initial CAR T cell infusion through 28 days following final CAR T cell 

infusion or removal from protocol therapy, whichever occurs earlier. IV contrast is not 

considered a concomitant medication.  
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7.9 Adverse Events 

Information regarding AEs will be captured following the start of the CAR T cell infusion 

through 28 days following final CAR T cell infusion per Section 11 Adverse Events and Serious 

Adverse Events. Related AEs will continue to be followed past Day 28 through resolution, if 

possible. This study will utilize the NCI CTCAE v5 for toxicity reporting and grading, except 

for CRS which will be assessed using the CRS Grading Scale in Section 11.5 Cytokine Release 

Syndrome Grading. Individual neurologic symptoms should be graded using CTCAE v5, 

however cumulative neurologic toxicity will be graded per Appendix 4 – Neurologic Toxicity 

Grading System. The study team should have access to the CTCAE v5 which can be 

downloaded from the Cancer Therapy Evaluation Program (CTEP) website 

(http://ctep.cancer.gov). Refer to Section 11 for information on reporting AEs. 

7.10 Pregnancy Test 

Female subjects of childbearing potential will have urine or serum pregnancy tests as indicated 

in the Schedule of Procedures.  

Additional pregnancy tests will be performed at any visit in which pregnancy status is in 

question. A serum pregnancy test will be performed in the event of a positive or equivocal urine 

pregnancy test result. 

7.11 Hematology 

Hematology must include complete blood count (CBC) including hemoglobin, hematocrit, red 

blood cell count, white blood cell count, white blood cell differential, and platelet count and 

will be obtained according to the Schedule of Procedures. 

7.12 Chemistry 

Chemistry must include serum sodium, potassium, chloride, bicarbonate, blood urea nitrogen 

(BUN), creatinine, alanine aminotransferase (ALT), total bilirubin, conjugated bilirubin, and 

C-reactive protein (CRP) and will be obtained according to the Schedule of Procedures. 

7.13 Cytokine Release Syndrome Labs and Evaluation 

CRS labs and evaluation will be obtained daily during periods of Grade 2-4 CRS. CRS labs 

must include CRP, LDH, PT, PTT, ferritin, d-dimer, fibrinogen and absolute lymphocyte count. 

CRS evaluation must include temperature, heart rate and blood pressure. 

7.14 Virology 

Virology must include human immunodeficiency virus (HIV) antigen and antibody, Hepatitis B 

surface antigen, and Hepatitis C antibody testing and will be performed per the Schedule of 

Procedures. If Hepatitis C antibody testing is positive, quantitative PCR will be performed. 

Results of virology testing obtained up to 3 months prior to enrollment will be accepted for 

subject eligibility. 
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7.15 Cerebrospinal Fluid (CSF) Sampling 

Cerebrospinal fluid sampling via intraventricular catheter will be performed according to 

institution standard practice at the time points indicated in the Schedule of Procedures. All CSF 

samples may be obtained via CNS catheter. If CSF collection via catheter is not feasible the 

sample is not required. 

Specific testing requirements are noted in the Schedule of Procedures. 

Per Section 6.4 Management of Non-CRS Toxicity Associated with Infused CAR T Cells into 

the CNS, in subjects who develop neurologic toxicity additional cerebrospinal fluid assessments 

should be considered if clinically indicated. 

7.16 Correlative Sciences  

Peripheral blood and CSF samples will be collected at the time points specified in the Schedule 

of Procedures and sent to the CSL. Refer to the study-specific Laboratory Manual for specimen 

type, storage, and shipping requirements.  

Specimens may be processed for molecular analysis of T cell persistence and/or flow cytometric 

analysis based on detection of EGFRt in conjunction with T cell surface markers. These 

samples may also be used to detect the in vitro anti-B7-H3 activity of the persistent CAR T cells 

and for serum cytokine analysis. Additionally, DNA-based testing may be done to detect low 

levels of malignant cells. 

If a subject develops systemic toxicity possibly, probably, or definitely (Section 6 Management 

of Toxicities and Complications) related to CAR T cells, peripheral blood for may be requested 

to be sent to the CSL up to once per day while the subject is experiencing toxicity. The blood 

may be used for serum cytokine analysis, and, if indicated by clinical data, detection of an 

anti-CAR or EGFRt immune response.  

If a neurologic toxicity occurs, CSF samples may be requested to be sent the CSL for cytokine 

analysis and presence of CAR T cells. 

Any material in excess of that needed for protocol required CSL samples will be retained for 

potential additional analysis related to this trial. 

Archival tumor tissue, tumor biopsy/resection, or normal tissue biopsy material obtained for 

clinical purposes may be sent to the CSL to be tested for evaluation of B7-H3 expression, 

presence of CAR T cells, evaluation of immune modulation, or additional analysis related to 

this trial. 

7.17 CNS Imaging 

MRI brain and spine will occur according to the Schedule of Procedures. Per Section 6.4 

Management of Non-CRS Toxicity Associated with Infused CAR T Cells into the CNS, 

additional CNS imaging should be considered in subjects who develop neurologic toxicity, if 

clinically indicated. 
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After month 12 following the final CAR T cell infusion MRI will be performed only as 

clinically indicated. For all MRIs that occur after the End of Therapy/Early Discontinuation 

Visit, MRI of the spine is required only for subjects with previous spinal disease, positive CSF 

cytology, or cause for clinical concern. 

7.18 Disease Response 

Disease Response will be assessed according to the Schedule of Procedures and as further 

described below. 

 Disease response assessment during active treatment 

Disease Response will be assessed within 1 week following the last CAR T cell infusion on 

even courses (e.g., 2, 4...) but may be delayed up to 4 weeks due to clinical or scheduling issues. 

This evaluation must be performed prior to receiving Week 1 CAR T cell infusion on the 

subsequent odd course (e.g., 3, 5…). 

 Disease response assessment following active treatment 

Disease Response will be assessed per the Schedule of Procedures at end of therapy/early 

discontinuation (i.e., the required assessment performed after final CAR T cell infusion), then at 

months 3, 6, 9, and 12 following final CAR T cell infusion as clinically indicated. After month 

12 following the final CAR T cell infusion MRI will be performed only as clinically indicated. 

Disease Evaluations are no longer required if progressive disease was confirmed in a prior 

evaluation.  

7.19 Post-Treatment Long-Term Follow-Up data collection 

Research participants who receive engineered T cells will be required to participate in long-term 

follow-up (LTFU) per the guidelines set forth by the FDA’s Biologic Response Modifiers 

Advisory Committee that apply to gene transfer studies to capture delayed adverse events 

related to the use of lentivirally transduced T cells. 

 Post-treatment long-term follow-up data collection 

For the first 5 years following treatment with CAR T cells, patients will be seen at least yearly. 

The visit will include an interval medical history and physical exam, specifically eliciting for 

the development of delayed, related AEs of interest, i.e., malignancy, neurologic disorder, 

rheumatologic or autoimmune disorder, or hematologic disorder. Unexpected medical problems 

felt to be related to the CAR T cells will be collected. If subjects are not able to be seen at study 

site, they may be seen by their primary physician for a physical exam and a blood draw courier 

kit will be provided to obtain research samples. The physician will be provided with adverse 

event screening guidelines and will be requested to notify the study team of all new 

malignancies and unexpected illness felt to be related to the CAR T cells. 

Following the first 5 years of LTFU, patients who do not have evidence of persisting gene 

modified T cells will be contacted yearly by phone for an additional 10 years (for a total of 15 



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 53 of 102 

years of LTFU). For those patients who have continued persistence of transferred T cells, they 

will continue to be seen yearly for LTFU for at least a total of 15 years. 

 Post-Treatment Long-Term Follow-up Research Testing 

At time points specified in the schedule of procedures, up to 15 mL of peripheral blood will be 

drawn and sent to CSL and, if relevant, will be tested for persistence of CAR T cells, clonality, 

and replication competent lentivirus (RCL) through year 1. During years 2 through 15, samples 

will be drawn and sent annually only for those subjects with evidence of persistent engraftment 

of the CAR T cells, or who test positive for RCL. If a patient receives a different lentivirus gene 

therapy product following treatment on BrainChild-03, they will be expected to have RCL 

testing for that product and will no longer have specimens collected on BrainChild-03 

specifically for RCL. 

Persistence: PCR for the transgene vector sequence and/or flow cytometric analysis may be 

done on mononuclear cells to determine the persistence of CAR T cells. Persistence assay 

testing will be discontinued if patient has had a negative test post their final infusion. 

Clonality:  Patients who at any time point in long term follow up have a >5% increase of cells 

positive for transgene expression will have a repeat test in 1 month.  If the % of cells positive 

for transgene expression continues to increase, additional testing for clonality will be 

performed. Clonality may be measured by either examining integration sites or TCR diversity 

among vector positive cells. If there is evidence of clonality, repeat testing will be performed no 

later than 3 months. 

Replication Competent Lentivirus (RCL): Evidence for RCL will be done using VSVg qPCR 

pre-infusion and at each post-infusion time point during the first year (3, 6 and 12 months).  If 

all post-treatment assays are negative during the first year, then sample collection will be 

discontinued. For those subjects with positive RCL testing at any time during the 1st year, 

further time points will be determined by sponsor after review with FDA.  

 Autopsy 

If the research participant dies while on study, then an autopsy will be requested. 
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8 REMOVAL FROM PROTOCOL THERAPY & OFF STUDY CRITERIA 

8.1 Removal from Protocol Therapy 

A subject may be discontinued from protocol therapy at any time. Subjects will be removed 

from protocol therapy for the following reasons: 

• Subject/family or the investigator feels that it is not in the subject’s best interest to 

continue 

• Subject/family is non-compliant with protocol therapy and/or clinic appointments 

• Subject receives medical intervention prohibited under this protocol or which will 

interfere with the ability to assess toxicity or response following CAR T cell 

infusion 

• Subject experiences a DLT following CAR T cell infusion  

• Subject does not meet criteria to receive the next CAR T cell infusion as defined in 

Section 5.5.2 

• Subject is pregnant 

• Subject meets criteria for removal from study (Section 8.2) 

All subjects who discontinue protocol therapy should come in for an End of Therapy/Early 

Discontinuation Visit per Appendix 2 – Schedule of Procedures and should be encouraged to 

complete all remaining scheduled visits and procedures. 

8.2 Off-Study Criteria and Study Termination 

All subjects are free to withdraw from participation at any time, for any reason, specified or 

unspecified, without prejudice. 

Reasonable attempts will be made by the investigator to provide a reason for subject 

withdrawals. The reason for the subject’s withdrawal from the study will be recorded in the 

subject’s source documents. 

 
Subjects will be removed from the study for the following reasons: 

• Subject, or subject’s parents/legal guardian, withdraw consent for further 

participation 

• Subject never received CAR T cell product 

• Enrolled onto a long-term follow-up protocol for gene therapy 

• 15-year anniversary of final CAR T cell infusion 

• Death 

• Lost to follow-up 
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The study may be terminated at any time by the Sponsor, the SCH Institutional Review Board 

(IRB), or the FDA. 



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 56 of 102 

9 STATISTICAL CONSIDERATIONS 

9.1  Accrual and Study Duration 

Up to 90 patients will be enrolled into BrainChild-03 at Seattle Children’s Hospital. Anticipated 

duration of enrollment accrual is 6 years. Anticipated duration of the active treatment portion of 

the study is up to 7 months, and anticipated duration of the long-term follow-up period is 15 

years. 

9.2 Primary Objectives 

The primary objectives are: 

• To assess the feasibility of CNS locoregional adoptive therapy with autologous 

CD4+ and CD8+ T cells lentivirally transduced to express a B7-H3-specific CAR, 

EGFRt and a methotrexate resistant human dihydrofolate reductase mutein, 

delivered by an indwelling catheter into the tumor cavity or ventricular system in 

children and young adults with DIPG, DMG, or recurrent/refractory CNS tumors. 

• To assess the safety of CNS locoregional adoptive therapy with autologous CD4+ 

and CD8+ T cells lentivirally transduced to express a B7-H3-specific CAR, EGFRt 

and a methotrexate resistant human dihydrofolate reductase mutein, delivered by an 

indwelling catheter into the tumor cavity or ventricular system in children and 

young adults with DIPG, DMG, or recurrent/refractory CNS tumors. 

• To establish the tolerability of a fractionated CNS-delivered B7-H3 CAR T cell 

infusion schedule employing intra-subject dose escalation in children and young 

adults with DIPG, DMG, or recurrent/refractory CNS tumors. 

• To define the maximally tolerated dose (MTD) and Recommended Phase 2 Dose 

Regimen (RP2DR) of CNS-delivered fractionated B7-H3 CAR T cell infusions. 

Feasibility will be described across all subjects and within each therapy Arm and assessed as 

ability to achieve criteria noted above versus inability to meet each criterion. 

Feasibility data will include: 

• Number and percent of subjects with sufficient therapeutic product generated to 

receive two courses at the intended DL per assigned DR after two attempts using a 

single apheresis product for starting material 

• Number of subjects who meet criteria for initial CAR T cell infusion per Section 

5.5.1 Requirements for initial CAR T cell infusion 

• Number of subjects who meet criteria for at least two courses of CAR T cell 

infusions per Section 5.5.2 Requirements for subsequent CAR T cell infusion and 

dose modification  

Safety and tolerability data will include: 
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• History and physical exam (PE) occurring on study and occurring after the CAR T 

cell infusion  

• Laboratory/radiographic evaluations taking place on study and occurring after CAR 

T cell infusions  

• Adverse events  

Within each Arm, the toxicities observed with each DR will be summarized in terms of type 

(organ affected or laboratory determination, such as ANC), severity (by NCI CTCAE v5), CRS 

grading, neurologic grading, and nadir or maximum values for the laboratory measures, date of 

onset, and attribution. Tables will be created to summarize these toxicities by Arm and DR with 

both number of subjects and number of incidences. The evaluation taking place within 2 days 

prior to initial CAR T cell infusion will serve as the baseline measurement. 

9.3 Secondary and Exploratory Objectives 

The secondary objectives are: 

• To assess B7-H3 CAR T cell distribution within the cerebrospinal fluid (CSF) and 

the extent to which B7-H3 CAR T cells egress into the peripheral circulation. 

• To assess disease response to B7-H3 CAR T cell locoregional therapy in children 

and young adults with DIPG, DMG, or recurrent/refractory CNS tumors. 

Data for evaluation of secondary objectives will include: 

• CAR T cell egress will be assessed by analysis of peripheral blood and CSF. 

• Tumor response will be assessed using disease response criteria (Section 10.1). 

• The duration of overall response will be measured from the initial complete 

response (CR) or partial response (PR) (whichever is first recorded) until the first 

date treatment failure is clinically or objectively documented. 

• Survival endpoints: progression-free survival (PFS), overall survival (OS), and non-

relapse mortality (NRM)  

The exploratory objectives are: 

• To evaluate for presence of B7-H3 CAR T cells in tumor tissue and/or normal 

tissue if a tissue biopsy, tumor biopsy, or resection is clinically indicated post-

treatment. 

• To evaluate B7-H3 expression in tumor tissue and/or normal tissue if a tissue 

biopsy, tumor biopsy, or resection is available. 

• To analyze blood, CSF, and tumor tissue for biomarkers of anti-tumor B7-H3 CAR 

T cell expression, safety, and activity. 

Data for evaluation of exploratory objectives will include: 
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• B7-H3 status of primary versus recurrent/refractory tumor will be determined by 

B7-H3 immunohistochemistry (IHC) performed on sequential tumor samples 

available for each patient.  

9.4 Statistical Analysis 

Descriptive statistics, such as mean, standard deviation, and range for continuous variables, and 

percent and number for categorical variables, will be summarized for baseline information (eg, 

the extent of prior therapy), and demographic information for each Arm singly and combined. 

This analysis includes the following variables: race, sex, age, height and weight, stage of 

disease, tumor characteristics at diagnosis, and others if applicable. 

9.5 Safety and Tolerability 

Subjects receiving any CAR T cell product will be eligible for safety and tolerability analyses. 

If a subject is removed from study prior to receiving the initial CAR T cell infusion, they will be 

replaced. For the purpose of assessing overall safety and tolerability, subjects will be evaluated 

for toxicities for up to 28 days following final CAR T cell infusion. For the purposes of 

escalation of DR and defining Maximal Tolerated Dose Regimen (MTDR), subjects in the 

existing cohort will be evaluated for toxicities from the time of initial CAR T cell infusion 

through 7 days following the final CAR T cell infusion received during Course 2, or until they 

commence with alternate therapies for their CNS tumor, whichever comes first. Subjects who 

are taken off study prior to Day 28 of Course 2 and have experienced a DLT will count towards 

that DR’s evaluable accrual and will not be replaced. For all Arms, if a subject is removed from 

study prior to Day 28 of Course 2 for reasons other than toxicity (e.g., progressive disease 

requiring immediate alternative therapy) and has not received at least one dose of the maximally 

intended dose level per the assigned DR, they will be replaced before cohort advancement is 

permitted. Subjects who die before Day 28 of Course 2, and before receiving alternative 

therapy, and whose death is due to CAR T cell related toxicity will meet the definition of DLT 

and will not be replaced. Subjects who die before Day 28 of Course 2 due to reasons other than 

CAR T cell related toxicity and have not experienced a DLT will be replaced before cohort 

advancement is permitted. 

9.6 Survival Definitions 

OS: Time from CAR T cell infusion to death from any cause. If a subject is alive at the last 

evaluation time period, survival time is censored at the time of last follow-up.  

PFS: Time from CAR T cell infusion to the first observation of disease progression or death 

from any cause, whichever occurs first. If the subject has not progressed, relapsed or died, 

progression-free survival is censored at the time of last follow-up. 

NRM: Time to death event where cause of death is not attributable to underlying disease. 

Relapse and progression, including death attributable to underlying disease, are treated as 

competing risks for NRM and censored at time of last follow-up for those who do not relapse, 

progress or die. 
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Analysis of survival endpoints will include all subjects who receive at least one B7-H3 CAR T 

cell infusion and will be summarized for all subjects and by cohort. PFS and OS will be 

assessed using Kaplan Meier (K-M) estimates, and NRM will be assessed using cumulative 

incidence estimates. The following will be presented for both PFS and OS: 

• K-M curves  

• The median K-M expected survival time and 95% confidence interval 

• Six-month and 12-month K-M survival estimates with 95% confidence intervals 

The following will be presented for NRM:  

 Cumulative Incidence curves  

 Median expected survival and 95% confidence interval 

 Six-month and 12-month and 95% confidence intervals 

9.7 Evaluability for Dose Escalation 

A subject will be considered DR escalation-evaluable if they are evaluable for toxicity (see 

Section 9.5 Safety and Tolerability), and were counted as part of a 3-subject dose escalation 

cohort according to the rules described in Section 9.9.1 Arms and DLT observation periods 

during Course 1 and 2.  

9.8 Evaluability for Disease Response 

A subject will be considered evaluable for disease response if: (1) the subject meets the 

eligibility criteria to receive the CAR T cell infusion; (2) the subject receives the CAR T cell 

infusion; and (3) the subject is under follow-up for a sufficient period to evaluate the disease 

and meets criteria for having evaluable disease (Section 10.1 Disease Response Criteria). For 

the purposes of the study, response will be assessed in comparison to the Treatment Response 

Evaluation performed within 28 days prior to the initial T cell infusion. Response will be 

characterized following Course 2 and, if available, at the completion of additional Courses. A 

subject who dies as a result of toxicity after receiving T cell product but prior to initial response 

assessment following Course 2 will be considered a non-responder. 

9.9 Cohort Size and Rules for Cohort Advancement 

  Arms and DLT observation periods 

Subjects will be enrolled onto one of three Arms, as described in Section 5.1.1 Treatment Arm 

assignment. The first 3 subjects treated will be enrolled only on Arm A or B and will be ≥ 15 

years and ≤ 26 years at time of enrollment. Subjects may be enrolled on Arm C once 3 subjects 

have been treated on Arm A and/or Arm B, and at least 1 subject on Arm A or B completes 

Course 2 without experiencing a DLT. Within each Arm subjects will be assigned to successive 

DRs in Cohorts of up to 3 subjects. Dose escalation rules will be applied separately for each 

Arm. There will be a ≥ 7-day interval before enrollment of the initial subject onto the other 
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Arm. [For example, if the initial subject on Arm B is enrolled on 7 July 2018, the initial subject 

for Arm A cannot be enrolled until ≥ 14 July 2018.] 

A modified 3+3 statistical design will be used for determining DR assignment with specific 

details below for determination of a Maximally Tolerated Dose Regimen (MTDR), followed by 

an expansion cohort. Within each Arm, treatment will begin with DR 1, Course 1. After the first 

subject completes Course 1 (i.e., completes the seven-day observation period following the last 

CAR T cell infusion of Course 1) the subsequent 2 subjects may be treated. Subjects within 

DR1 of each arm may only receive their initial CAR T cell infusion after the previously treated 

subject completes Course 1. Subjects enrolled in subsequent cohorts may only receive their 

initial CAR T cell infusion no sooner than 14 days following the date the previously treated 

subject received their initial CAR T cell infusion. Before the cohorts for the next (higher) DR 

may open, all 3 subjects of the prior (lower) DR must have received at least 1 of the maximally 

intended doses in Course 2 and completed a 7-day observation period following the final 

infusion occurring in Course 2 and not have experienced dose closure as noted below. 

If the current Cohort is fully accrued, receiving therapy, but is not yet completely evaluated for 

DR DLTs, or if the cumulative number of DLTs at the current DR (including subjects still 

undergoing evaluation) exceeds 2, then a new subject cannot be assigned to the current DR. 

Instead, the subject may be offered (a) treatment at the DR below the DR currently being 

evaluated or (b) to wait until that current Cohort has been completely evaluated to receive 

treatment in the next DR as per study design. A subject treated under this provision may serve 

as a member of the current or the next cohort of three at that DR if the trial resumes regular 

accrual at that same DR or if the trial resumes at the next higher DR but subsequently de-

escalates to revisit that DR. 

 Dose Regimen (DR) escalation rules 

A subject will be considered DR escalation-evaluable if they are evaluable for MTDR DLT and 

are counted as part of a 3-subject dose escalation Cohort according to the rules described below.  

 

The following rules will be applied separately and independently for each Arm. DLTs are 

defined in Section 5.2. 

 

Dose escalation rules using a modified 3 + 3 design for Arms A, B, and C. DRs are detailed in 

Section 5.1.3. 

 

1. Escalation and de-escalation decisions will use cohorts of 3 consecutive toxicity-

evaluable subjects treated at the same DR  

2. The dose escalation route will be similar to a 3+3 design, and will allow expansion on 

the tentative MTDR if 1 DLTs out of the first cohort of 3 and 1 DLTs out of the second 

cohort of 3 were observed  

a. If 0 DLTs out of the first cohort of 3 (0/3) within a DR, and there is a DR 

available for escalation, it will escalate to the next DR. If there is no DR 
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available for escalation, then this DR is considered as tentative MTDR and 

another cohort of 3 will be treated at the current DR.  

b. If 1 DLTs out of the first cohort of 3 (1/3), a second cohort of 3 will be treated 

and evaluated at the current DR 

i. If 0 DLTs out of the second 3 and there is a DR available for escalation, 

it will escalate to the next DR. If there is no DR available for escalation 

(1 DLT in first 6), the MTDR will be estimated 

ii. If 1 DLTs out of the second cohort of 3 (i.e. 2 DLT in the first 6), a third 

cohort of 3 will be treated at the current DR. If there are 0 DLTs in the 

third cohort of 3, the MTDR will be estimated. If there is 1 DLT in the 

third cohort (i.e. 3 DLTs in the first 9), a final cohort of 3 will be treated 

at the current DR and the MTDR will be estimated once all subjects have 

been evaluated.  

c. If 2 or more DLTs out of any cohort of 3 (2/3) toxicity-evaluable subjects, the 

current DR will be shut down and the DR will de-escalate to the previous DR. If 

the first 2 subjects of any cohort of 3 both experience DLTs and the third subject 

has not received CAR T cells, stop the cohort at 2 subjects and de-escalate to 

previous DR and the third subject will become the first subject of a new cohort. 

If there is no DR available for de-escalation (lowest), the arm will be shut down.  

d. After de-escalation, if the current DR has fewer than 6 toxicity-evaluable 

subjects, then the requisite number of subjects will be treated and evaluated at 

that DR and the MTDR will be re-estimated. If the current DR has 6 or more 

than 6 toxicity-evaluable subjects, MTDR will be estimated.  

  Stopping rules 

In the event of the following, further T cell infusions will be suspended pending review by the 

DSMB and consultation with the FDA: 

 Death unrelated to disease progression or accidental trauma that occurs within 30 days 

of CAR T cell administration 

To further protect the safety of patients, infusions will also be suspended pending review by the 

DSMB and consultation with the FDA if the lower bound of a 1-sided 80% exact binomial 

confidence interval of the discontinuation rate due to medically significant Grade 4 or greater 

events that are possibly, probably, or definitely attributable to CAR T cells is > 10%. 

Operationally, any of the following would trigger such a rule: 2 out of the first ≤ 5 subjects or 3 

out of the first ≤ 11 patients or 4 out of the first ≤ 18 patients or 5 out of the first ≤ 24 have 

unacceptable toxicity or ≥ Grade 4 AEs that are possible, probably, or definitely attributable to 

CAR T cells. If the true probability of ≥ Grade 4 AE is 2.5%, the probability of study 

suspension under the above rule is approximately 0.007; if the true probability is 30%, the 

probability of suspension is approximately 0.93 (probabilities estimated from 5,000 

simulations). 
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This rule will apply to medically significant (requiring medical intervention)  Grade 4 

toxicities that are possibly, probably, or definitely attributable to CAR T cells, with the 

exception of Grade 4 CRS for < 72 hours, and Grade 4 fever. 

If this rule is met, further T cell infusions for all subjects enrolled will be immediately halted. A 

safety evaluation will be performed and reviewed with the FDA and DSMB prior to resuming 

any CAR T cell infusions. 

Additionally, the Study Chair may shut down a DR at any time due to toxicities observed or 

efficacy observed at lower DRs. 

  Definition and determination of MTDR and RP2DR 

The MTDR is defined as the highest DR with at least six DLT-evaluable subjects, whose 

cumulative DLT rate during Courses 1 and 2 is below 34%. The MTDR will be estimated 

separately for each Arm. 

Per investigator discretion and with DSMB approval, if a DR lower than the selected MTDR 

displays satisfactory disease response and has at least six DLT-evaluable subjects, then this DR 

can be chosen as the RP2DR instead of the MTDR. 

9.10 Expansion Cohort 

Following determination of the safety and toxicity of each arm based on our modified 3+3 

design, an expansion cohort of up to 12 subjects in each arm will be started with treatment at the 

MTDR/RP2DR. The purpose of the expansion cohort is to provide a more precise assessment of 

the tolerability and toxicity of this treatment when dose at the MTDR/RP2DR as well as gain 

additional knowledge regarding secondary and exploratory objectives with particular focus on 

the duration and magnitude of in vivo persistence of CAR T cells in the cerebral spinal fluid 

including descriptions of cellular and protein components.  

The expansion cohort will begin once the MTDR/RP2DR has been determined. For the 

expansion cohort, up to 12 additional subjects will be treated. Accrual to the expansion cohort 

will be continuous and will not depend upon the completion of treatment of the previous 

patients in the expansion cohort. Ongoing safety monitoring will occur during the expansion 

cohort with analysis in combination with all subjects treated at the MTDR/RP2DR. If at any 

time the DLT rate appears to exceed 33%, infusions would be halted to allow review with the 

Data Safety Monitoring Board (DSMB). Examples include a DLT rate of 3/7-9, 4/10-12, 5/13-

15, 6/16-18, or 7/19-21.  

9.11 Safety Monitoring 

 Weekly safety review 

The Study Chair, Investigators, study statistician (if needed), CRAs, research nurses, and other 

site and Sponsor staff will meet weekly (or as needed when there are active subjects) to review 

subject enrollment and conduct subject safety review. This group is responsible for monitoring 
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the data and safety of this study, including implementation of the stopping rules for dose 

escalation. During this meeting, this group will review as applicable enrollment, AEs, DLTs, 

and protocol compliance, CAR T cell persistence analysis, feasibility data and follow-up 

information for each subject. 

  Data Safety Monitoring Board 

The study will be monitored by a DSMB. This is an independent committee with no affiliation 

to the protocol. The DSMB will meet prior to the study opening to review and approve the 

study protocol and DSMB Charter. The DSMB will review toxicity data approximately every 6 

months. In addition, the DSMB will review study conduct including accrual, drop-outs, data 

completeness, any inability to generate CAR T cell product that meets all Quality Control 

criteria, positive bacterial cultures from the CAR T cell product, subjects not meeting eligibility 

criteria for CAR T cell infusion after enrollment, protocol compliance, and treatment efficacy 

measures. 

DSMB meetings may be called at any time by the DSMB chair or sponsor for additional safety 

review if indicated. Following any temporary suspension of accrual for a safety event, the 

DSMB will be convened and will further review the safety data to determine if continuation of 

accrual is appropriate. Applicable regulatory agencies will receive copies of the DSMB’s 

recommendations as they become available. 
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10 DISEASE RESPONSE 

10.1 Disease Response Criteria 

 Measurable disease 

Measurable disease is defined as a lesion that is at minimum 10 mm in 2 dimensions on 

standard MRI. 

 Evaluable disease 

Evaluable disease is defined as a lesion or multiple lesions, with no lesion that can be accurately 

measured in at least 2 dimensions and does not meet criteria to be measurable. Such lesions may 

be evaluable by pathology, MRI, immunocytochemistry techniques, tumor markers, CSF 

cytology, or other reliable measures. 

 Selection of target and non-target lesions 

For most CNS tumors, only 1 lesion/mass is present and therefore is considered a “target” for 

measurement/follow up to assess for tumor progression/response. If multiple measurable lesions 

are present, up to 5 may be selected as target lesions. Target lesions should be selected on the 

basis of size and suitability for accurate repeated measurements. All other lesions will be 

followed as non-target lesions. The lower size limit of the target lesion(s) should be at least 

twice the thickness of the slices showing the tumor to decrease the partial volume effect (e.g., 

8 mm lesion for a 4-mm slice). 

The presence of non-target lesions should be noted. 

  Response criteria for target lesions 

Complete Response (CR): Disappearance of all target lesions 

Partial Response (PR): ≥ 50% decrease in the sum of the products of the two perpendicular 

diameters of all target lesions (taking as reference the initial baseline measurements) 

Stable Disease (SD): Neither sufficient decrease in the sum of all target lesions to qualify for 

PR, nor sufficient increase to qualify for progressive disease 

Progressive Disease (PD):  25% increase in the sum of the products of the perpendicular 

diameters of the target lesions (taking as reference the smallest sum of the products observed 

since the start of treatment) 

Immune-Related Progressive Disease (irPD) may occur in the setting of CAR T cell therapy 

and can manifest as increased disease and/or new lesions and is distinct from PD [93]. irPD will 

be documented as SD. irPD must occur within 6 months of the initiation of immunotherapy, 

cannot last longer than 6 months, and cannot correspond to neurologic decline that is definitely 

attributable to worsening disease. If irPD is suspected: 
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 Re-imaging is recommended in 3 months and if progressive disease is confirmed, 

subject will be determined to have PD 

 Biopsy should be considered and if pathology is consistent with progressive disease, 

subject will be determined to have PD 

 Response criteria for non-target lesions 

Complete Response (CR): Disappearance of all non-target lesions 

Stable Disease (SD): The persistence of one or more non-target lesions 

Progressive Disease (PD): The appearance of one or more new lesions and/or unequivocal 

progression of existing non-target lesions 

Immune-Related Progressive Disease (irPD) may occur in the setting of CAR T cell therapy 

and can manifest as increased disease and/or new lesions and is distinct from PD [93]. irPD will 

be documented as SD. irPD must occur within 6 months of the initiation of immunotherapy, 

cannot last longer than 6 months, and cannot correspond to neurologic decline that is definitely 

attributable to worsening disease. If irPD is suspected: 

 Re-imaging is recommended in 3 months and if progressive disease is confirmed, 

subject will be determined to have PD 

 Biopsy should be considered and if pathology is consistent with progressive disease, 

subject will be determined to have PD 

 Evaluation of best overall response  

The overall response assessment takes into account response in both target and non-target 

lesions and the appearance of new lesions, according to the criteria described in the table below. 

The best overall response is the best response recorded from the start of the treatment until 

disease progression/recurrence (taking as reference for PD the smallest measurements recorded 

since the treatment started). In general, the subject's best response assignment will depend on 

the achievement of both measurement and confirmation criteria. 

Table 10-1 Best Overall Response 

Target lesions Non-Target lesions New Lesions Overall response 

CR CR No CR 

CR SD No PR 

PR CR or SD No PR 

SD CR or SD No SD 

PD Any Yes or No PD 

Any PD Yes or No PD 

Any Any Yes PD 

Subjects with a global deterioration of health status requiring discontinuation of treatment 

without objective evidence of disease progression at that time should be classified as having 
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“symptomatic deterioration.” Every effort should be made to document the objective 

progression even after discontinuation of treatment. 

In some circumstances, it may be difficult to distinguish residual disease from normal tissue. 

When the evaluation of complete response depends on this determination, it is recommended 

that the residual lesion be investigated (biopsy) to confirm the complete response status. 
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11 ADVERSE EVENTS AND SERIOUS ADVERSE EVENTS 

11.1 Definition of Adverse Event (AE) 

According to 21 CFR 312.32(a): “An adverse event is defined as any untoward medical 

occurrence associated with the use of a drug in humans, whether or not considered drug 

related.” An AE can therefore be any unfavorable and unintended sign (including an abnormal 

laboratory finding, for example), symptom, or disease temporally associated with the use of an 

investigational product, whether or not related to the investigational products. AEs may also 

include pre- or post-treatment complications that occur as a result of protocol specified 

procedures, lack of efficacy, overdose, drug abuse/misuse reports, or occupational exposure. 

Pre-existing events that increase in severity or change in nature during or as a consequence of 

participation in the clinical study will also be considered AEs. The subject’s baseline for 

purposes of assessing toxicity is established by the active medical conditions present directly 

prior to initiation of Course 1, Week 1 investigational product administration. 

An AE does not include the following: 

• Medical or surgical procedures such as surgery, endoscopy, tooth extraction, and 

transfusion. The condition that led to the procedure may be an adverse event and 

must be reported. 

• Pre-existing diseases, conditions, or laboratory abnormalities present or detected 

before the infusion of investigational product that do not worsen. 

• Situations where an untoward medical occurrence has not occurred (e.g., 

hospitalization for elective surgery, social and/or convenience admissions). 

• Overdose without clinical sequelae. 

• Any medical condition or clinically significant laboratory abnormality with an 

onset date before infusion of investigational product and not related to a protocol-

associated procedure is not an AE. It is considered to be pre-existing and should be 

documented on the medical history CRF. 

• Abnormal laboratory values or tests that are not clinically significant or do not 

require therapy.  

A suspected adverse reaction is any AE for which there is a reasonable possibility that the 

investigational product caused the AE. For the purposes of IND safety reporting, “reasonable 

possibility” means there is evidence to suggest a causal relationship between the investigational 

product and the AE. Suspected adverse reaction implies a lesser degree of certainty about 

causality than adverse reaction, which means any AE caused by an investigational product. 

Life-threatening AE or life-threatening suspected adverse reaction is an AE or suspected 

adverse reaction that, in the view of either the investigator or study Sponsor, places the study 

participant at immediate risk of death. It does not include an AE or suspected adverse reaction 

that, had it occurred in a more severe form, might have caused death. 
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11.2  Definition of Serious Adverse Event (SAE) 

An AE or suspected adverse reaction is considered “serious” if, in the view of either the 

investigator or the study Sponsor, it results in any of the following outcomes: 

 Death 

 A life-threatening AE 

 Inpatient hospitalization or prolongation of existing hospitalization 

 Persistent or significant incapacity or substantial disruption of the ability to conduct 

normal life functions 

 A congenital anomaly/birth defect 

 A secondary malignancy 

Important medical events that may not result in death, be immediately life-threatening, or 

require hospitalization may be considered serious when, based upon appropriate medical 

judgment, they may jeopardize the study participant and may require medical or surgical 

intervention to prevent one of the outcomes listed above. 

11.3  Classification of an Adverse Event 

 Grading of adverse events 

Wherever possible, all AEs will be graded using the NCI CTCAE v5, except grading of CRS 

which will be according to the CRS Grading Scale (Section 11.5 Cytokine Release Syndrome 

Grading). Individual neurologic symptoms should be graded using CTCAE v5, however 

cumulative neurologic toxicity will be graded according to the Neurologic Toxicity Grading 

System (Section 14, Appendix 4 – Neurologic Toxicity Grading System). The majority of AEs 

can be graded using these scales. 

If an AE cannot be graded using the NCI CTCAE criteria, it should be graded as mild, 

moderate, severe, life-threatening, or death using the following definitions.  

 Mild (Grade 1): Awareness of signs or symptoms, but easily tolerated and of a minor 

irritant type, causing no loss of time from normal activities. Symptoms do not require 

therapy or a medical evaluation. Signs and symptoms are transient. 

 Moderate (Grade 2): Events that introduce a low level of inconvenience or concern to 

the participant and may interfere with daily activities but are usually improved by simple 

therapeutic measures. Moderate experiences may cause some interference with 

functioning. 

 Severe (Grade 3): Events that interrupt the participant’s normal daily activities and 

generally require systemic drug therapy or other treatment. They are usually 

incapacitating. 
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 Life-threatening (Grade 4): Events that place the participant at immediate risk of death 

or are disabling. 

 Death (Grade 5): Events that result in death. 

To make sure there is no confusion or misunderstanding of the difference between the terms 

"serious" and "severe," which are not synonymous, the following note of clarification is 

provided. The term "severe" is often used to describe the intensity (severity) of a specific event 

(as in mild, moderate, or severe myocardial infarction); the event itself, however, may be of 

relatively minor medical significance (such as severe headache). This is not the same as 

"serious", which is based on participant/event outcome or action criteria usually associated with 

events that pose a threat to a subject's life or functioning. Seriousness (not severity) serves as a 

guide for defining regulatory reporting obligations. 

 Relationship of adverse event to treatment 

The investigator will assess the potential relationship of the AE to investigational product using 

the following descriptions. 

 Not Related: This category applies to an AE that is clearly not related to the 

investigational agent/procedure, beyond a reasonable doubt. That is, another cause of the 

event is most plausible and/or a clinically plausible temporal sequence is inconsistent 

with the onset of the event and the exposure to study drug and/or a causal relationship is 

considered biologically implausible. 

 Unlikely Related: This category applies to an AE that is doubtfully related to the 

investigational agent/procedure. That is, another cause of the event is highly likely 

and/or there is not a reasonable temporal sequence from administration of the study drug 

or one that follows a known or expected response pattern to the suspected study drug. 

The event could readily have been produced by a number of other factors. 

 Possibly Related: This category applies to an AE that follows a reasonable temporal 

sequence from administration of the study drug and that follows a known or expected 

response pattern to the suspected study drug, but that could readily have been produced 

by a number of other factors. 

 Probably Related: This category applies to an AE that is likely related to the 

investigational agent/procedure. That is, the AE has a temporal relationship to the 

administration of the investigational agent(s) or research intervention and follows a 

known or suspected pattern of response. 

 Definitely Related: This category applies to an AE that is clearly related to the 

investigational agent/procedure. That is, the AE has a temporal relationship to the 

administration of the investigational agent(s) or research intervention and follows a 

known or suspected pattern of response. 



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 70 of 102 

11.4 Expectedness, Pre-Existing Conditions, and Persistent Adverse Events 

 Expectedness: The study Sponsor will be responsible for determining whether an AE is 

expected or unexpected. An AE will be considered unexpected if the nature, severity, or 

frequency of the event is not consistent with the risk information previously described 

for the investigational product.  

 Pre-Existing Conditions: If a pre-existing condition worsens in severity, the worsening 

may require reporting as an AE or SAE. In addition, if a condition present at baseline 

resolves and then recurs, the reoccurrence may require reporting as an AE or SAE. 

 Persistent Adverse Events: A persistent AE is one that extends continuously, without 

resolution (is ongoing). A persistent AE is reported only once unless the grade and/or 

frequency become more severe. If the grade becomes more severe the original AE will 

be considered to have stopped on the date the severity increased and the AE must be 

reported again with the higher grade and/or frequency. 
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11.5 Cytokine Release Syndrome Grading 

Grade2 Description of Symptoms 

1: Mild Not life-threatening, require only symptomatic treatment such as 

antipyretics and anti-emetics (e.g., fever1 ≥ 38.0°C, nausea, emesis, 

fatigue, headache, myalgia, malaise) 

2: Moderate Require and respond to moderate intervention: 

 Oxygen requirement for low flow nasal cannula3 or blow by 

oxygen, or 

 Hypotension responsive to fluids  

3: Severe Require and respond to aggressive intervention: 

 Oxygen requirement for high flow nasal canula, face mask, 

non-rebreather or Venturi mask, and/or 

 Hypotension requiring a one vasopressor with or without 

vasopressin 

4: Life threatening Life-threatening: 

 Requirement for positive pressure support including ventilator 

support, CPAP or BiPAP 

 Hypotension requiring multiple vasopressors (excluding 

vasopressin) 

5: Fatal Death 
 

1: Fever is defined as temperature 38.0°C not attributable to any other cause.  In patients who have CRS then 

receive antipyretics or anti-cytokine therapy such as tocilizumab or corticosteroids, fever is no longer required to 

grade subsequent CRS severity. In this case, CRS grading is driven by hypotension and/or hypoxia.  

2: CRS grade is determined by the more severe event: hypotension or hypoxia not attributable to any other cause. 

For example, a patient with temperature of 39.5°C, hypotension requiring one vasopressor and hypoxia requiring 

low-flow nasal cannula is classified as having Grade 3 CRS. Organ toxicities associated with CRS may be graded 

according to CTCAE v5.0 but they do not influence CRS grading. 

3: Low-flow nasal cannula is defined as oxygen delivered at  6 liters/minute. Low flow also includes blow-by 

oxygen delivery, sometimes used in pediatrics. High-flow nasal cannula is defined as oxygen delivered at > 6 

liters/minute 

11.6  Neurologic Toxicity Grading 

Individual neurologic symptoms should be graded using CTCAE v5, however cumulative 

neurologic toxicity will be graded according to the Neurologic Toxicity Grading System, see 

Section 14, Appendix 4 – Neurologic Toxicity Grading System. 

11.7 Serious Adverse Event Reporting 

SAEs occurring from the beginning of the first infusion of the investigational product up to and 

including 30 days after the last infusion of the investigational product will be reported to the 

study Sponsor or its designee within 24 hours of the investigator becoming aware of the event. 

SAEs occurring after 30 days following the last treatment with the investigational product, 

which, in the judgement of the investigator or treating physician, are possibly, probably or 
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definitely related to treatment with the investigational product, will be reported to the study 

Sponsor or its designee within 24 hours of the investigator becoming aware of the event. 

Initial SAE reports must be followed by detailed descriptions. These should include copies of 

hospital case records and other documents when requested. Telephone reports must be 

confirmed promptly by written report. 

Additionally, the Investigator is responsible for submitting follow-up reports for all SAEs until 

the SAE has resolved or until the subject’s condition stabilizes (in case of persistent 

impairment), or the study participant dies. 

A death (including death due to progressive disease) occurring within 30 days after the last T 

cell infusion must be reported to the Sponsor or its designee within 24 hours of site awareness 

of the death whether or not it is considered treatment-related. Any death occurring greater than 

30 days after the last T cell infusion must be reported to the Sponsor or its designee within 24 

hours of site awareness of the death only if it is possibly, probably, or definitely related to 

treatment with the investigational product.  

The investigator also must notify the IRB/Institutional Ethics Committee (IEC) and/or 

Institutional Biosafety Committee (IBC) of the occurrence of the SAE, in writing, as soon as is 

practicable and in accordance with local law. A copy of this notification must be provided to the 

study Sponsor or its designee. 

 Study-specific SAE reporting 

Planned hospitalization will not be reported to the Sponsor as an SAE. Planned hospitalizations 

may include admission for: 

 entry into the study 

 elective treatment of a pre-existing condition 

 routine monitoring of the subject not associated with any deterioration in 

condition 

 monitoring following CAR T cell infusion if minor (non-serious) symptoms 

indicate the potential for more significant medical problems  

11.8 IND Safety Reporting 

This study will comply with 21 CFR 312.32, which requires that the sponsor notify the FDA 

and participating investigators in an IND Safety Report of potentially serious risks from clinical 

trials or any other source. Reports must be submitted no later than 15 calendar days after the 

Sponsor becomes aware of the information and determines it is reportable. 

The Sponsor will submit an IND Safety Report for individual events meeting the following 

criteria: 
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• There is a reasonable probability the drug under study caused the event (ie, there is 

evidence to suggest a causal relationship between the drug and the AE) 

• The event meets the criteria in Section 11.2 Definition of Serious Adverse Event 

(SAE) for a serious adverse event 

• The event is unexpected (ie, it is not consistent with the risk information in the 

protocol or other information submitted to the FDA in the IND) 

Analysis of one or more occurrences of the same event, and/or aggregate analysis of specific 

events, may lead the Sponsor to determine that information requires reporting via an IND Safety 

Report.  

The period for IND safety reporting extends from the beginning of the first infusion of the 

investigational product up to and including 30 days after the last infusion of the investigational 

product. 

11.9 On-Target, Off-Tumor Toxicities 

On-target off-tumor toxicities are toxicities attributable to the direct effect of CAR T cells on 

tissue (e.g. organ damage caused by CAR T cell direct targeting of organ cells) and not 

associated with a more global syndrome attributable to the CAR T cell (eg, CRS or 

pseudoprogression).  

11.10 Reporting of Pregnancy 

Pregnancies in study participants or partners that occur from time of consent through 28 days 

following administration of investigational product or in subjects with continued persistence of 

CAR T cells (whichever is later) must be reported within 24 hours of site awareness of the event 

to the study Sponsor or its designee. Subjects who become pregnant prior to the initial 

administration of investigational product will be taken off study. If pregnancy in subject’s 

partner occurs after administration of investigational product, the investigator must make every 

effort to follow the pregnancy of either the participant or partner through resolution of the 

pregnancy (delivery or termination) and report the resolution to the study sponsor or its 

designee. In the event of a pregnancy in the partner of a participant, the investigator should 

make every effort to obtain the female partner’s consent for release of protected health 

information. 

11.11 Safety Reporting Contact Information 

An SAE Report Form will be provided by the Sponsor for sites to use in reporting SAEs to the 

Sponsor. The completed SAE Report Form must be returned to SCTx per the instructions on the 

form. 



Protocol Number: BrainChild-03  

Protocol Version: 9.1 

Protocol Version Date: 18 December 2023 
 

 

 Confidential Page 74 of 102 

12 ADMINISTRATIVE, ETHICAL, AND REGULATORY CONSIDERATIONS 

12.1 Good Clinical Practice 

This protocol is written in accordance with the principles established by the 18th World 

Medical Assembly General Assembly (Helsinki, 1964) and subsequent amendments and 

clarifications adopted by the General Assemblies. The investigator will make every effort that 

the study described in this protocol is conducted in full conformance with those principles, 

current FDA regulations, ICH Good Clinical Practices (GCP) guidelines, and local ethical and 

regulatory requirements. Should a conflict arise, the investigator will follow whichever law or 

guideline affords the greater protection to the individual subject. The investigator will also 

make sure he or she is thoroughly familiar with the appropriate administration and potential 

risks of administration of the study drug, as described in this protocol, prior to the initiation of 

the study. 

12.2 Institutional Review Boards (IRB) and Institutional Biosafety Committees (IBC) 

The protocol and consent form, and any accompanying material to be provided to participants, 

will be reviewed and approved by the IRB/IEC and/or IBC of the participating center prior to 

study initiation. Serious adverse experiences regardless of causality will be reported to the 

IRB/IEC and/or IBC in accordance with the standard operating procedures and policies of the 

IRB/IEC and/or IBC, and the Investigator will keep the IRB/IEC and/or IBC informed as to the 

progress of the study. The Investigator will obtain assurance of IRB/IEC compliance with 

regulations. 

Any documents that the IRB/IEC and/or IBC may need to fulfill its responsibilities (such as 

protocol, protocol amendments, Investigator’s Brochure (IB), consent forms, information 

concerning participant recruitment, payment or compensation procedures, or other pertinent 

information) will be submitted to the IRB/IEC and/or IBC. The IRB/IEC’s and/or IBC’s written 

unconditional approval of the study protocol and the informed consent form will be in the 

possession of the Investigator before the study is initiated. 

Before implementation, the investigator will submit to and receive documented approval from 

the IRB/IEC for any modifications made to the protocol or any accompanying material to be 

provided to participants after initial IRB/IEC approval, with the exception of those necessary to 

reduce immediate risk to study subjects. 

The IRB/IEC must be informed of revisions to other documents originally submitted for review; 

serious and/or unexpected adverse experiences occurring during the study in accordance with 

the standard operating procedures and policies of the IRB/IEC; new information that may affect 

adversely the safety of the participants of the conduct of the study; an annual update and/or 

request for re-approval; and when the study has been completed. 

Research modifications will be submitted to the IBC according to National Institutes of Health 

(NIH) guidelines, standard operating procedures and policies of the IBC. 
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12.3 Informed Consent/Assent and Other Informational Documents Provided to Study 

Participants 

The Investigator will prepare the informed consent form, assent and the Health Insurance 

Portability and Accountability Act (HIPAA) authorization and provide the documents to the 

Sponsor or its designee for approval prior to submission to the IRB/IEC. The consent/assent 

form generated by the Investigator must be acceptable to the Sponsor and be approved by the 

IRB. The written consent documents will comply with the elements of informed consent as 

described in 21 CFR Part 50 and ICH E6, and will also comply with local regulations. The 

Investigator will send a copy of the IRB-approved Informed Consent/Assent Form to the 

Sponsor or its designee for the study file. 

A properly executed, written, informed consent will be obtained from each subject prior to 

entering the participant into the trial. Information should be given in both oral and written form 

and participants or their legal representatives must be given ample opportunity to inquire about 

details of the study. If appropriate and required by the local IRB, assent from the subject will 

also be obtained. If a participant is unable to sign the informed consent form (ICF) and the 

HIPAA authorization, a legal representative may sign for the subject. A copy of the signed 

consent form (and assent) will be given to the participant or their legal representative and will 

be provided any new information during the course of the study that might affect their 

continued participation in the study. 

If the protocol is amended and the ICF (and assent, if applicable) is revised, each participant or 

their legal representative will be required to provide written informed consent/assent again 

using the revised ICF (and assent, if applicable). 

Receipt of written informed consent/assent will be documented in each potential participant’s 

CRF. The signed ICF will remain in each participant's study file and must be available to the 

study monitor(s) at all times. 

12.4  Data Handling and Record Keeping 

 Case report forms and source documents 

The investigator is required to initiate and maintain, for each participant, an adequate and 

accurate case history that records all observations and other data related to the study for that 

participant. A validated electronic data capture system will be used for entry of the data into 

electronic Case Report Forms (CRFs). Data must be recorded on CRFs approved by the 

Sponsor or its designee. All information recorded on CRFs for this study must be consistent 

with the participant's source documentation. 

Initial data entry and any changes to the data will be made only by SCRI-authorized users, and 

data entries and changes will be captured in an electronic audit trail. An explanation of any data 

change should be recorded in the CRF. All data entered in to the CRF must be verifiable; 

therefore, CRFs will be routinely checked for accuracy, completeness, and clarity and will be 

cross-checked for consistency with source documents, including laboratory test reports and 
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other subject records by the Sponsor or its designee. The investigator must allow direct access 

to all source documents. 

 Data quality assurance 

Quality assurance will be monitored by the Sponsor/Sponsor’s designee at appropriate intervals 

determined by multiple factors including, but not limited to, the assessed risk level of the study, 

subject enrollment, reporting deadlines, and the findings of previous monitoring visits.  

The trial will comply with the standard guidelines set forth by applicable regulatory committees 

and other institutional, state, and federal guidelines. 

 Record retention 

All study records must be retained for at least two years after the last approval of a marketing 

application in the US or an ICH region and until: 1) there are no pending or contemplated 

marketing applications in the US or an ICH region or 2) at least two years have elapsed since 

the formal discontinuation of clinical development of the investigational product under study. 

The investigator/institution should retain subject identifiers for at least 15 years after the 

completion or discontinuation of the study. Subject files and other source data must be kept for 

the maximum period of time permitted by the hospital, institution or private practice, but not 

less than 15 years. These documents should be retained for a longer period, however, if required 

by the applicable regulatory requirements or by a Seattle Children’s Therapeutics agreement. 

Seattle Children’s Therapeutics must be notified and will assist with retention should the 

investigator/institution be unable to continue maintenance of subject files for the full 15 years. 

All study records must be stored in a secure and safe facility. 

12.5 Investigational Product Accountability 

While at the clinical site, investigational product must be stored in a secure limited access 

location at controlled temperature as required and according to product packaging. The storage 

facility must be available for inspection by the study monitor at any time during the study. A 

drug accountability record must be maintained for all investigational product received, 

dispensed, returned, and/or lost during the study. This record must be kept current and made 

available to the study monitor for inspection. 

12.6  Protocol Deviations 

A protocol deviation is any change, divergence, or departure from the study design or 

procedures defined in the protocol. In general, protocol deviations are classified as either major 

(or “important” per ICH E3 Structure and Content of Clinical Study Reports — Questions and 

Answers R1) or minor.  

Major or important protocol deviations are a subset of protocol deviations that might 

significantly affect the completeness, accuracy, and/or reliability of the study data or that might 

significantly affect a participant's rights, safety, or well-being. For example, major or important 

protocol deviations might include enrolling participants in violation of key eligibility criteria or 
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failing to collect data necessary to interpret primary objectives, as this may compromise the 

scientific value of the trial.  

Minor protocol deviations are protocol deviations that do not have a substantive effect on the 

participant’s rights, safety, or well-being or the integrity of the data. For example, minor 

protocol deviations might include a missed study visit “window.” 

Major or important protocol deviations of this study include, but are not limited to, the 

following reasons: 

•  Failure to meet inclusion/exclusion criteria 

•  Use of a prohibited concomitant medication 

•  Failure to comply with GCP guidelines 

The Investigator will determine if a major or important protocol deviation will result in 

withdrawal of a subject. All deviations should be reported to the IRB/IBC in accordance to the 

IRB/IBC reporting requirements. 

12.7 Subject-Specific Biologic Materials 

Leftover CAR T cell product, serum samples, cryopreserved peripheral blood mononuclear cells 

(PBMC), CSF, and other tissue and material will become the property of the Sponsor and may 

be used in non-therapeutic experiments. 

12.8  Investigator’s Responsibilities 

By signing the Agreement of Investigator page (Appendix 1a – sponsor Signature Page), the 

Principal Investigator agrees to: 

• Conduct the study in accordance with the protocol and only make changes after 

notifying the Sponsor (or designee), except when to protect the safety, rights or 

welfare of subjects. 

• Personally conduct or supervise the study (or investigation). 

• Ensure that the requirements relating to obtaining informed consent and IRB/IEC 

review and approval meet federal guidelines, as stated in 21CFR parts 50 and 56. 

• Report to the Sponsor or designee any AEs that occur in the course of the study, in 

accordance with 21 CFR 312.64. 

• Ensure that all associates, colleagues and employees assisting in the conduct of the 

study are informed about their obligations in meeting the above commitments. 

• Maintain adequate and accurate records in accordance with 21 CFR 312.62 and to 

make those records available for inspection with the Sponsor or its designee. 

• Ensure that an IRB/IEC that complies with the requirements of 21 CFR 56 will be 

responsible for initial and continuing review and approval of the clinical study. 
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• Promptly report to the IRB/IEC and the Sponsor or its designee all changes in the 

research activity and all unanticipated problems involving risks to subjects or others 

(to include amendments and IND safety reports). 

• Ensure IRB/IEC approval before any changes are made in the research study, 

except when necessary to eliminate immediate hazards to the participants/subjects. 

• Comply with all other requirements regarding the obligations of clinical 

investigators and all other pertinent requirements listed in 21 CFR 312. 

12.9  Publication Policy 

The publication or presentation of any study results shall comply with all applicable privacy 

laws, including, but not limited to, HIPAA. Material must be reviewed and approved by the 

Sponsor prior to submission for publication. 

12.10 Financing and Insurance 

For participation at sites other than Seattle Children’s Hospital, financing and insurance for this 

clinical trial will be addressed in clinical trial agreements with the study site. 
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APPENDIX 2 – SCHEDULE OF PROCEDURES 

Appendix 2, Table 1a Schedule of Procedures, Arms A and B Screening through End of Therapy/Early Discontinuation 

Appendix 2, Table 1a 
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Screening through End 
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Procedure Window* → 
(unless otherwise noted) 

  e f h f, g h f, g h i f h f, g h f, g h i f f, g f, g i i l m 

Informed consent/assent X a                                     
  

  

  

  
  

 

Eligibility determination X a X  X     X   X       X    X   X       X  X  X 
  

  

  

  
  

 

Demography X a                                     
  

  

  

  
  

 

Medical history X a   X 1                                 
  

  

  

  
  

 

Disease history X a   X 1                                 
  

  

  

  
  

 

Treatment history X a   X 1                                 
  

  

  

  
  

 

Performance status 2 X b   X   X   X   X X   X   X   X X X X X X X  

Physical exam, vital signs 3, 

weight 
X b X X X X X X X X X X X X X X X X X X 

X 

 
X X 

 

Neurologic exam X b   X X X X X X X X X X X X X X X X X 
X 

 
X X 

 

Height X b                                            
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Appendix 2, Table 1a 

Schedule of Procedures, 

Arms A and B, 
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Discontinuation 
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Procedure Window* → 
(unless otherwise noted) 

  e f h f, g h f, g h i f h f, g h f, g h i f f, g f, g i i l m 

    

Pulse oximetry X b   X   X   X     X   X   X     X X X 
  

  

  

  
  

 

Chemistry 5 X b X n X X X X X X X X X X X X X X X X X X X X  

Hematology 6 X b X X X X X X X X X X X X X X X X X X X X X  

Pregnancy test 4 X b   X             X             X     
  

  

  

  
  

 

CRS labs and 

evaluation7 
  Must be obtained daily during periods of grade 2-4 CRS 

 

Virology 8 X d                                     
  

  

  

  
  

 

CSF: Arm A 9 X c               X             X        
  

 
X X 

 

Correlative Sciences: 

CSF Arm A 11 
                X             X        

  

 
X X 

 

CSF: Arm B 9 X c   X X CX   X X X X X X   X X X  X   X  X X  

Correlative Sciences: 

CSF Arm B 11 
    X X X   X X X X X X   X X X  X   X  X X 

 

Correlative Sciences: PB 
12 

  X X X X       X X X X       X     X  X X  X 
 

Correlative Sciences: other 
14                       

 

MRI brain & spine X c   X j                         X k        X k X k  
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Appendix 2, Table 1a 

Schedule of Procedures, 

Arms A and B, 

Screening through End 
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Procedure Window* → 
(unless otherwise noted) 

  e f h f, g h f, g h i f h f, g h f, g h i f f, g f, g i i l m 

 

Apheresis   X                               

  
  

CAR T cell infusion 

Arm A & Arm B 
    X   X   X     X   X   X     X X X 

  

  

  

  
  

 

Adverse events 13   Continuous through Day +28 p 

Concomitant 

Medications 
 X Continuous through Day+28 p 

* Treatment Plan delays may be allowed, see Section 5.1.6. 

a Evaluations must be performed prior to study enrollment, but have no specific procedure window 

b Evaluations must be performed within 7 days prior to study enrollment. Results of standard-of-care tests or examinations performed prior to obtaining informed consent may 

be used 

c Evaluations must be performed within 28 days prior to study enrollment. Results of standard-of-care tests or examinations performed prior to obtaining informed consent may 

be used 

d Evaluations must be performed within 3 months prior to study enrollment. Results of standard-of-care tests or examinations performed prior to obtaining informed consent 

may be used 

e Evaluations must be performed within 2 days prior to any apheresis (See Section 5.3 for repeat apheresis criteria) 

f Evaluations must be performed within 2 days prior to CAR T cell infusion unless the infusion is omitted in which case evaluations are optional (See Section 5.1.6) 

g Infusions must be performed ≥ 7 days after the previous infusion 
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h Evaluations must be performed 2 to 5 days after CAR T cell infusion unless the infusion omitted in which case evaluations are optional (See Section 5.1.6). Post-infusion 

evaluations, except Correlative Sciences evaluations, may be used for infusion or Week 4 evaluations if performed within the required window. Distinct Correlative Sciences 

evaluations must be completed at every timepoint 

i Evaluations may be performed at any point during Week 4 +/- 3 days. Evaluations are optional for odd courses beyond Course 2 

j Required prior to Course 1 Week 1 if bridging therapy received AND >28 days from prior scans, or if clinically indicated 

k If clinically indicated Disease Evaluation CSF and MRI brain and spine should occur prior to receiving the next course. Disease Evaluations are no longer required if 

progressive disease was confirmed in a prior evaluation 

l End of Therapy/Early Discontinuation Evaluations must be performed within 14 days following the final CAR T cell infusion, EXCEPT MRI brain and spine which must be 

performed within 28 days following the final CAR T cell infusion. Any evaluations completed for a timepoint following the final T cell infusion may be used as End of 

Therapy/Early Discontinuation evaluations if performed within the indicated window. If greater than 10 days have elapsed since the subject’s last dose before it is determined 

that subject will no longer receive protocol therapy, assessments may be performed within 28 days of the subject’s last dose. Assessments may be obtained from local 

provider or treating oncologist 

m Evaluations must be performed 28 (+ 7) days post final CAR T cell infusion. The purpose of the 28 day follow-up visit is to ensure adverse event and concomitant medication 

information is collected per the time period specified by the protocol. Visit may be done in person, by the subject’s LCI, or via phone 

n Required if >7 days from screening, or clinically indicated 

p SAE collection must be ongoing until Day +30 post the final CAR T cell infusion 

1 To include medical, disease and treatment history information from time of apheresis to Course 1, Week 1 CAR T cell infusion 

2 Performance status will be assessed utilizing Lansky (for subjects < 16 years of age) or Karnofsky (for subjects ≥ 16 years of age). Subjects who are unable to walk because 

of paralysis, but who are up in a wheelchair, will be considered ambulatory for purposes of assessing performance status 

3 Vital signs must include pulse, respiratory rate, blood pressure and temperature 

4 Female subjects of child-bearing potential only 

5 Chemistry must include serum sodium, potassium, chloride, bicarbonate, blood urea nitrogen (BUN), creatinine, alanine aminotransferase (ALT), total bilirubin, conjugated 

bilirubin, and C reactive protein (CRP) 

6 Hematology must include complete blood count (CBC) including hemoglobin, hematocrit, red blood cell count, white blood cell count, white blood cell differential, and 

platelet count 

7 CRS labs and evaluation must be obtained daily during periods of grade 2-4 cytokine release syndrome. CRS labs must include CRP, LDH, PT/PTT, d-dimer, fibrinogen and 

absolute lymphocyte count. CRS evaluation must include temperature, heart rate and blood pressure 

8 Virology must include human immunodeficiency virus (HIV) antigen and antibody, Hepatitis B surface antigen, and Hepatitis C antibody testing; if Hepatitis C antibody 

testing is positive, quantitative PCR will be performed 

9 CSF samples may be obtained via CNS catheter; testing at all time points must include cell count, glucose, protein and cytology, except at screening where only cell count 

and cytology are required. If CSF collection via catheter is not feasible the sample is not required 

11 Refer to study specific lab manual for collection and shipping requirements of all Correlative Sciences samples. In addition to samples required per the Schedule of 

Procedures, in the event of neurologic toxicity CSF must be sent to CSL for cytokine analysis and presence of CAR T cells (Section 7.16 for guidance). Also, subjects who 

receive cetuximab for ablation of T cells (Section 6.5) will require additional CSF to be sent to CSL for determination of CAR T cell persistence: Arm A subjects will have 
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CSF for Correlative Sciences collected prior to the initial dose of cetuximab and again at Day 7 following the initial dose of cetuximab. Arm B subjects will have CSF for 

Correlative Sciences collected prior to the initial dose of cetuximab and again on days 1, 3, 7, 10, 14, and 28 days following the initial dose of cetuximab 

12 Refer to study specific lab manual for collection and shipping requirements of all Correlative Sciences samples. Pre-IP administration RCL testing will be performed on the 

pre-infusion sample. If testing is not successful, the pre-apheresis sample will be tested. In addition to samples required per the Schedule of Procedures, in the event of 

systemic toxicity related to CAR T cells or neurologic toxicity (Section 7.16), peripheral blood may be requested to be sent to the CSL up to once per day. All subjects who 

receive cetuximab for ablation of T cells will require PB Correlative Sciences samples be collected prior to initial dose of cetuximab and at days 1, 3, 7, 10, 14 and 28 after 

initial dose of cetuximab for determination of T cell persistence 

13 Baseline for assessing adverse events is established by the evaluations performed within 2 days prior to the Course 1, Week 1 CAR T cell infusion 

14 “Other” Correlative Sciences samples are not a regularly scheduled protocol procedure, however if archival tumor tissue, tumor biopsy/resection or other tissue/material is 

collected for clinical purposes samples may be sent to the CSL for evaluation of marker expression, immune modulation and/or presence of CAR T cells (see Section 7.16 for 

further guidance); refer to lab manual for requirements of all Correlative Sciences samples 
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Appendix 2, Table 1b Schedule of Procedures, Arm C Screening through End of Therapy/Early Discontinuation 

Appendix 2, Table 1b Schedule 

of Procedures, Arm C, 
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Procedure Window* → 
(unless otherwise noted) 

 e f h z f, g h i f h z f, g h i f f, g i i l m 

Informed consent/assent X a                               
  

  

  

  
  

 

Eligibility determination X a X  X      X       X     X       X  X 
  

  

  

  
  

 

Demography X a                               
  

  

  

  
  

 

Medical history X a   X 1                           
  

  

  

  
  

 

Disease history X a   X 1                           
  

  

  

  
  

 

Treatment history X a   X 1                           
  

  

  

  
  

 

Performance status 2 X b   X    X X   X X   X X   X X X X X X  

Physical exam, vital signs 3, 

weight 
X b X X X X X X X X X X X X X X X X X X 

 

Neurologic exam X b   X X X X X X X X X X X X X X X X X  

Height X b                               
  

  

  

  
  

 

Pulse oximetry X b   X    X     X     X     X X 
  

  

  

  
  

 

Chemistry 5 X b X o X X  X X X X X  X X X X X X X X  

Hematology 6 X b X X X  X X X X X  X X X X X X X X  

Pregnancy test 4 X b   X           X           X   
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* Treatment Plan delays may be allowed, see Section 5.1.6. 

a Evaluations must be performed prior to study enrollment, but have no specific procedure window 

b Evaluations must be performed within 7 days prior to study enrollment. Results of standard-of-care tests or examinations performed prior to obtaining informed 

consent may be used. 

c Evaluations must be performed within 28 days prior to study enrollment. Results of standard-of-care tests or examinations performed prior to obtaining informed 

consent may be used. 

d Evaluations must be performed within 3 months prior to study enrollment. Results of standard-of-care tests or examinations performed prior to obtaining 

informed consent may be used. 

e Evaluations must be performed within 2 days prior to any apheresis (See Section 5.3 for repeat apheresis criteria). 

f Evaluations must be performed within 2 days prior to CAR T cell infusion unless the infusion is omitted in which case evaluations are optional (See Section 

5.1.6). 

g Infusions must be performed ≥ 7 days after the previous infusion. 

h Evaluations must be performed 2 to 5 days after CAR T cell infusion unless the infusion is omitted in which case evaluations are optional (See Section 5.1.6). 

Post-infusion evaluations, except Correlative Sciences evaluations, may be used for infusion or Week 4 evaluations if performed within the required window. 

Correlative Sciences evaluations must be completed at every timepoint. 

i Evaluations may be performed at any point during Week 4 +/- 3 days. Evaluations are optional for odd courses beyond Course 2. 

CRS labs and evaluation7   Must be obtained daily during periods of grade 2-4 CRS  

Virology 8 X d                              
  

  

  

  
  

 

CSF 9 X c   X X  X X X X X   X X X X   
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MRI brain & spine  X c   X j   
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Apheresis   X                            
  

  

  

  
  

 

CAR T cell infusion 

Arm C 
  X   X   X   X   X X    

 

Adverse events 13     Continuous through Day +28p 

Concomitant Medications    X Continuous through Day+28p 
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j Required prior to Course 1 Week 1 if bridging therapy received AND >28 days from prior scans, or if clinically indicated. 

k If clinically indicated Disease evaluation CSF and MRI brain and spine should occur prior to receiving the next course. Disease Evaluations are no longer 

required if progressive disease was confirmed in a prior evaluation. 

l End of Therapy/Early Discontinuation Evaluations must be performed within 14 days following the final CAR T cell infusion EXCEPT MRI brain and spine 

which must be performed within 28 days following the final CAR T cell infusion. Any evaluations completed for a timepoint following the final T cell infusion 

may be used as End of Therapy/Early Discontinuation evaluations if performed within the indicated window. If greater than 10 days have elapsed since the 

subject’s last dose before it is determined that subject will no longer receive protocol therapy, assessments may be performed within 28 days of the subject’s last 

dose. Assessments may be obtained from local provider or treating oncologist. 

m Evaluations must be performed 28 (+ 7) days post final CAR T cell infusion. The 28 day follow-up visit purpose is to ensure adverse event and concomitant 

medication information is collected per the time period specified by the protocol. Visit may be done in person, by the subject’s LCI, or via phone. 

n Pre-IP administration RCL testing will be performed on the pre-infusion sample. If testing is not successful, the pre-apheresis sample will be tested. 

o Required if >7 days from screening, or clinically indicated. 

p SAE collection must be ongoing until Day +30 post the final CAR T cell infusion. 

z Evaluations must be performed 8 to 14 days after Week 1 CAR T cell infusion. Week 2 evaluations may be used for week 3 pre-infusion evaluations if 

performed within 2 days of the week 3 infusion.   

1 To include medical, disease and treatment history information from time of apheresis to Course 1, Week 1 CAR T cell infusion. 

2 Performance status will be assessed utilizing Lansky (for subjects < 16 years of age) or Karnofsky (for subjects ≥ 16 years of age). Subjects who are unable to 

walk because of paralysis, but who are up in a wheelchair, will be considered ambulatory for purposes of assessing performance status. 

3 Vital signs must include pulse, respiratory rate, blood pressure and temperature. 

4 Female subjects of child-bearing potential only. 

5 Chemistry must include serum sodium, potassium, chloride, bicarbonate, blood urea nitrogen (BUN), creatinine, alanine aminotransferase (ALT), total bilirubin, 

conjugated bilirubin, and C reactive protein (CRP). 

6 Hematology must include complete blood count (CBC) including hemoglobin, hematocrit, red blood cell count, white blood cell count, white blood cell 

differential, and platelet count. 

7 CRS labs and evaluation must be obtained daily during periods of grade 2-4 CRS. CRS labs must include CRP, LDH, PT/PTT, ferritin, d-dimer, fibrinogen and 

absolute lymphocyte count. CRS evaluation must include temperature, heart rate and blood pressure. 

8 Virology must include human immunodeficiency virus (HIV) antigen and antibody, Hepatitis B surface antigen, and Hepatitis C antibody testing; if Hepatitis C 

antibody testing is positive, quantitative polymerase chain reaction (PCR) will be performed. 

9 CSF may be obtained via CNS catheter; testing at all time points must include cell count, glucose, protein, and cytology except at screening when only cell count 

and cytology are required. If CSF collection via catheter is not feasible the sample is not required.  

10 Refer to study specific lab manual for collection and shipping requirements of all Correlative Sciences samples. In addition to samples required per the Schedule 

of Procedures, in the event of neurologic toxicity CSF must be sent to CSL for cytokine analysis and presence of CAR T cells (Section 7.16 for guidance). Also, 

subjects who receive cetuximab for ablation of T cells (Section 6.5) will require additional CSF to be sent to CSL for determination of CAR T cell persistence: 

Arm c subjects will have CSF for Correlative Sciences collected prior to the initial dose of cetuximab and again on days 1, 3, 7, 10, 14, and 28 days following the 

initial dose of cetuximab.   
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11 Refer to study specific lab manual for collection and shipping requirements of all Correlative Sciences samples. In addition to samples required per the Schedule 

of Procedures, in the event of systemic toxicity related to CAR T cells or neurologic toxicity (Section 7.16), peripheral blood may be requested to be sent to the 

CSL up to once per day. All subjects who receive cetuximab for ablation of T cells will require PB Correlative Sciences samples be collected prior to initial dose 

of cetuximab and at days 1, 3, 7, 10, 14 and 28 after initial dose of cetuximab for determination of T cell persistence. 

12 Baseline for assessing adverse events is established by the evaluations performed within 2 days prior to the Course 1, Week 1 CAR T cell infusion. 

13 “Other” Correlative Sciences samples are not a regularly scheduled protocol procedure, however if archival tumor tissue, tumor biopsy/resection or other 

tissue/material is collected for clinical purposes samples may be sent to the CSL for evaluation of marker expression, immune modulation and/or presence of 

CAR T cells (see Section 7.16 for further guidance); refer to lab manual for requirements of all Correlative Sciences samples. 
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Appendix 2, Table 2 Schedule of Procedures, All Arms Long-Term Follow-Up, Month 3 through Year 5 
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Procedure Window → ± 3 months 

Medical history 1, 2   X   X   X   X   X   X 

Physical exam 1   X   X   X   X   X   X 

CSF1, 3 X X X X                 
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 CAR T cell persistence 4  X  X X X X X X X X X 

Replication-competent lentivirus 

(RCL) 7 
X X   X             

MRI brain & spine 1, 5 X X X X                 

Adverse events 6 Continuous 

 
1 If performed for clinical indication. May be obtained from local provider or treating oncologist 

2 Medical events relevant to subject's disease and treatment, inclusive of infectious disease. If relevant, records pertaining 

to disease response and/or relapse will be collected. 

3 Testing at all time points must include cell count and cytology. Any additional material obtained for clinical purposes 

may be sent to CSL for research testing. Disease Evaluations are no longer required if progressive disease was 

confirmed in a prior evaluation. 

4 Timepoints only applicable if ongoing T cell persistence in peripheral blood at the end of protocol 

therapy/discontinuation visit.  CAR T cell persistence testing will be discontinued after a negative result.  

5 MRI of the spine for subjects with previous spinal disease, positive CSF cytology, or cause for clinical concern. 

Disease Evaluations are no longer required if progressive disease was confirmed in a prior evaluation. 

6 The following are Delayed Related AEs of interest that must be reported to the Sponsor: development of a new 

malignancy, or neurologic, rheumatologic, autoimmune, or hematologic disorder 

7 RCL testing will be discontinued if no positive results during the first year. Further time points may be determined by 

sponsor after review with FDA if RCL testing is positive at any time during the first year. 
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Appendix 2, Table 3 Schedule of Procedures, All Arms Long-Term Follow-up, Years 6 through 15 

  

Timepoint: years following final CAR T cell infusion 
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Procedure Window → ± 2 months 

Medical history1, 2  X X X  X X  X  X X X   X 

Physical exam1, 5  X X X X X  X X  X X   X 

Correlative Sciences: PB CAR T cell persistence1,3 X X X X X X  X X X X 

Adverse events4 Continuous 

 
1 May be obtained from local provider or treating oncologist 

2 Interim medical history relevant to subject's disease, treatment and status; this information may be obtained by 

phone, unless subject has evidence of ongoing CAR T cell persistence or RCL, in which case subject must be seen 

in person 

3 Timepoints only applicable if ongoing T cell persistence in peripheral blood at the 60-month visit. CAR T cell 

persistence testing will be discontinued after a negative result 

4 The following are Delayed Related AEs of interest that must be reported to the Sponsor: development of a new 

malignancy, or neurologic, rheumatologic, autoimmune, or hematologic disorder 

5 Only required for subjects with evidence of ongoing CAR T cell persistence or RCL. 
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APPENDIX 3 – PERFORMANCE STATUS SCALES 

Performance Status Criteria 

Karnofsky and Lansky performance scores are intended to be multiples of 10 

Karnofsky 

subjects ≥ 16 years of age 

Lansky 

subjects < 16 years of age 

Score Description Score Description 

100 
Normal, no complaints, no 

evidence of disease 
100 Fully active, normal 

90 
Able to carry on normal activity, 

minor signs or symptoms of disease 
90 

Minor restrictions in physically 

strenuous activity 

80 
Normal activity with effort; some 

signs or symptoms of disease  
80 Active, but tires more quickly 

70 
Cares for self, unable to carry on 

normal activity or do active work 
70 

Both greater restriction of and less 

time spent in play activity 

60 

Required occasional assistance, but 

is able to care for most of his/her 

needs 

60 

Up and around, but minimal active 

play; keeps busy with quieter 

activities 

50 
Requires considerable assistance 

and frequent medical care 
50 

Gets dressed, but lies around much 

of the day; no active play, able to 

participate in all quiet play and 

activities 

40 
Disabled, requires special care and 

assistance 
40 

Mostly in bed, participates in quiet 

activities 

30 
Severely disabled, hospitalization 

indicated. Death not imminent 
30 

In bed, needs assistance even for 

quiet play 

20 
Very sick, hospitalization indicated. 

Death not imminent 
20 

Often sleeping, play entirely 

limited to very passive activities 

10 
Moribund, fatal processes 

progressing rapidly 
10 No play, does not get out of bed 
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APPENDIX 4 – NEUROLOGIC TOXICITY GRADING SYSTEM 

Individual neurologic symptoms should be graded using CTCAE v5, however cumulative neurologic toxicity 

will be graded according to the Neurologic Toxicity Grading System. 

Grade of 

Toxicity 
Toxicity Description 

0 Normal or no change from baseline examination at the start of therapy 

1 
Mild lethargy and/or irritability, and/or headache, visual, motor, or sensory 

symptoms without change in neurological exam 

2 
Moderate lethargy, disorientation, psychosis lasting less than 48 hrs, or mild 

increase in preexisting neurological deficit 

3 

Greater than 48 hours of severe lethargy, responsive to verbal stimuli, 

disorientation or psychosis lasting greater than 48 hours, moderate increase 

in preexisting neurological deficit or the onset of new neurological signs, 

greater than 2 seizures in 24 hours 

4 

Coma, unresponsive to verbal stimuli, increasing neurological deficit above 

grade 3, evidence of herniation, development of uncontrolled seizures, 

intracerebral hemorrhage 

5 Death 
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APPENDIX 5 –REFRACTORY AND RECURRENT DISEASE CATEGORIZATION 

 DIPG and DMG (WHO grade IV) 

 Embryonal Tumor [including, but not limited to, medulloblastoma, atypical teratoid rhabdoid tumor 

(ATRT), pineoblastoma, embryonal tumor with multilayered rosettes (ETMR), and embryonal tumor 

NOS] that was refractory to standard first-line therapy or has recurred after standard first-line therapy. 

 Low-grade glioma [including but not limited to pilocytic astrocytoma (WHO grade I) and diffuse 

astrocytoma (WHO grade II)] that was refractory or recurred after standard first-line therapy and 

received a standard second-line therapy to which it was refractory, or after which developed another 

recurrence. 

 High-grade glioma [including, but not limited to, anaplastic astrocytoma (WHO grade III), glioblastoma 

(WHO grade IV)] that was refractory to standard first-line therapy or has recurred after standard first-

line therapy. 

 Ependymoma that was refractory to standard first-line therapy or has recurred after standard first-line 

therapy. 

 Germ cell tumors (including but not limited to germinoma and nongerminomatous germ cell tumor) that 

was refractory to standard first-line therapy or has recurred after standard first-line therapy. 

 Other WHO grade III or IV CNS tumor (including, but not limited to, choroid plexus carcinomas) that 

was refractory to standard first-line therapy or has recurred after standard first-line therapy. 

 Other WHO grade I or II CNS tumor (including, but not limited to, neuroglial tumors) that was 

refractory or recurred after standard first-line therapy and received a standard second-line therapy to 

which it was refractory, or after which developed another recurrence. 
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APPENDIX 6 – HIGHLY EFFECTIVE CONTRACEPTION 

The following methods of birth control are considered highly effective in preventing pregnancy: 

 Total abstinence, when this is in line with the subject’s preferred and usual lifestyle. Periodic abstinence 

like calendar, ovulation, symptothermal, post-ovulation methods, and withdrawal are not acceptable 

methods of contraception. 

 Female sterilization, when the female subject has been surgically sterilized at least 6 weeks prior to 

enrollment (bilateral oophorectomy or bilateral salpingectomy). 

 Male sterilization: the male subject, or female subject’s sole sexual partner has been surgically sterilized 

at least 6 weeks be for enrollment (vasectomy). If the partner of a female subject, appropriate 

documentation of sterilization should be provided. 

 Male subjects: use of a condom during intercourse. In addition, it is advised that the subject’s female 

partner use an additional highly effective method of contraception (hormonal contraception, IUD, etc.).  

 Female subjects of childbearing potential: use of a combination of any two of the following: 

 Use of oral, injected or implanted hormonal methods of contraception or other forms of 

hormonal contraception that have comparable efficacy (failure rate < 1%), for example hormone 

vaginal ring or transdermal hormone contraception. If oral contraception, subject should be on a 

stable dose of the same medication for ≥ 3 months prior to enrollment; 

 Placement of an intrauterine device (IUD) or intrauterine system (IUS); 

 Use of an occlusive cap (diaphragm or cervical/vault cap) by a female subject, or a condom by a 

female subject’s male partner, combined with a spermicidal foam/gel/film/cream/vaginal 

suppository. 
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