Supplementary Table S1 Examples of Personalized Cancer Vaccines
	Vaccine name
	Therapeutic indication
	Mechanism
	ClinicalTrials.gov ID
	Phase

	TG4050 – Transgene & NEC
	HPV-negative head and neck cancer
	optimized MVA viral vector
	NCT04183166
	Ongoing Phase I/II clinical trials

	SurVaxM
		



	Newly diagnosed glioblastoma (with adjuvant temozolomide)



		Synthetic peptide mimicking survivin to stimulate tumor-specific T cells



	



	NCT05163080
	Phase I/II

	KEYNOTE-942
	high-risk melanoma
	mRNA-4157 + Pembrolizumab
(activate and sustain tumor-specific T cells)
	NCT03897881
	Phase II (completed)



Supplementary Table S2 Comparison of Main Cell Types in Adoptive Cell Therapy
	Cell Type
	Source
	Mechanism / Target
	Advantages
	Limitations
	Clinical Applications 

	TILs
	Tumor-infiltrating lymphocytes isolated from tumor tissue and expanded ex vivo for reinfusion
	Tumor-specific antigens (naturally occurring)
	Natural tumor specificity, polyclonal response
	Time-consuming expansion, variable efficacy
	Melanoma, cervical, and ovarian cancers

	CAR-T cells
	Peripheral T cells genetically modified to express CARs that recognize tumor antigens
	Surface antigens (MHC-independent)
	Potent cytotoxicity, approved in hematologic cancers
	Cytokine storm, antigen escape, and solid tumor barriers
	Approved for B-cell acute lymphoblastic leukemia (B-ALL), non-Hodgkin lymphoma
(NHL); trials in GBM

	CAR-NK cells
	Peripheral/autologous NK cells, cord blood, NK92, induced pluripotent stem cells (iPSCs)
	Surface antigens and stress ligands
	Lower toxicity, off-the-shelf potential
	Limited persistence, low clinical maturity
	CD19+ leukemias, GBM, ovarian cancer


Supplementary Table S3 List of commercially available CAR-T products (brand name, generic name, and abbreviated generic name), FDA approval date, target antigen, and current indications based on [33]
	Name
	Target antigen
	FDA approval
	Year

	Kymriah® (tisagenlecleucel)
	CD19
	· B-cell ALL (pediatric/young adult)
· Diffuse Large B-cell Lymphoma
· Follicular lymphoma
	2017


	Yescarta® 
(axicabtagene ciloleucel) 
	CD19
	· Large B-cell lymphoma
· Follicular lymphoma
	2017


	Tecartus® 
(brexucabtagene autoleucal)
	CD19
	· B-cell ALL (adult)
· Mantle cell lymphoma
	2020


	Breyanzi® 
(lisocabtagene maraleucel)
	CD19
	· Follicular lymphoma
· Large B-cell lymphoma
· Mantle cell lymphoma
· Chronic lymphocytic leukemia
	2021

	Abecma® 
(idecabtagene vicleucel)
	BCMA
	· Multiple myeloma
	2021

	Carvykti® (ciltacabtagene autoleucel)
	BCMA
	· Multiple myeloma
	       2022



Supplementary Table S4 List of CAR Molecules
	Components
	function

	The scFv
	This component is derived from the antibody. Its function is to minimize nonspecific toxicity against non-tumor tissues.

	The hinge region
	Providing a degree of flexibility and spatial orientation necessary for optimal interaction with a target antigen. It is believed to be relevant for several CAR-T cells targeting both hematologic and solid cancers. It influences T-cell activation, proliferation, and anti-tumor efficacy.

	The transmembrane domain
	Assist in anchoring the CAR molecule on the T-cell surface and simplifying the connection between the extracellular and intracellular domains

	The intracellular signaling domain
	Responsible for activating T cell functions such as proliferation, cytolysis, and cytokine secretion upon antigen binding, ultimately leading to the elimination of the target cell.Początek formularzaDół formularza



Supplementary Table S5 Quantitative expression of selected target antigens in GBM and healthy tissues

	Target Antigen
	Expression in GBM
	Expression in Healthy Tissue
	Methods Used
	Number of Samples
	Notes

	EGFRvIII
	Moderate (~30% of patients)
	None (0)
	Bulk RNA-seq (TCGA, CGGA, Rembrandt), scRNA-seq (GSE141383)
	TCGA: 539, CGGA: 325, Rembrandt: 313, scRNA-seq: 9
	Intra-tumoral heterogeneity

	HER2
	Moderate (~42% of GBM)
	Low (1)
	Immunohistochemistry (IHC)
	~47 GBM patients (out of 107 total)
	Higher positivity vs. LGA

	IL13Ra2
	Very high (~78% of GBM)
	Low (1)
	IHC, multiplex IHC
	Not specified
	Highly selective immunotherapy target

	CD70
	Low (~18% of IDH-wt GBM)
	Very low (~0.5–1)
	IHC, RNA-seq (TCGA)
	TMA: 205, TCGA: 447,
IDH-wild-type GBM subset: 96
	Correlates with aggressive histology

	B7-H3
	High (~77% of GBM)
	Low (1)
	Bulk RNA-seq (TCGA), IHC
	TCGA: 447, IHC: 46
	Higher in IDH-wild-type; perivascular expression

	EphA2
	Moderate (~60% of GBM)
	Low (1)
	IHC
	40 GBM
	Correlated with worse OS (p<0.01)

	GD2
	Moderate (~58% of GBM cell lines)
	Low (1)
	Flow cytometry, immunofluorescence
	12 primary cell lines
	Variable but frequent expression

	NKG2DL
	High (~68–72% of GBM)
	Low (1)
	IHC, Flow cytometry
	~60 GBM + 10 normal
	Strong for MICA & ULBP2

	CD133
	Low (subpopulations)
	Low (1)
	Single-cell RNA-seq (scRNA-seq), bulk RNA-seq
	37 scRNA-seq + bulk datasets
	Glioma stem cell marker, low specificity



Supplementary Table S6 Comparison of CAR-T Cell Delivery Routes for Glioblastoma: Efficacy, Advantages, and Challenges
	Delivery Route
	Efficacy in GBM
	Advantages
	Disadvantages / Challenges

	Intravenous 
	Limited due to BBB and TME barriers; slows tumor growth but rarely eradicates tumors alone
	Minimally invasive; easy to administer; systemic reach
	Poor CAR-T trafficking into CNS due to BBB; limited tumor penetration; reduced efficacy; systemic side effects possible

	Local / Intratumoral (ICT)
	High efficacy; directly eradicates tumors in some studies
	Bypasses BBB; high local CAR-T concentration; minimizes systemic toxicity; well tolerated
	Invasive; risk of tissue damage; requires tumor accessibility; repeated injections may cause local injury or metastasis

	Intraventricular 
	Potentially improves CNS-wide CAR-T distribution by delivering into the cerebrospinal fluid
	Bypasses BBB; treats residual microscopic disease; broad CNS exposure
	Invasive; technically complex; risk of infection or CSF leak; may require repeated procedures

	Dual ICT + ICV
	Enhanced efficacy combining local and widespread delivery; improved tumor clearance and persistence
	Combines benefits of ICT (local tumor targeting) and ICV (CNS dissemination); may overcome the BBB and tumor heterogeneity
	Most invasive; increased procedural complexity; potential cumulative risks from both methods; needs clinical validation



Supplementary Table S7 Summary of recent early-phase CAR-T cell therapy trials in glioblastoma and related CNS tumors 
