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Glioblastoma multiforme (GBM) remains a highly lethal cancer due to its complex and heterogeneous nature. 

Advances in targeted therapy, particularly CAR T-cell approaches, offer hope, but clinical translation is currently 

limited by issues of speed and reliability in delivering these complex cellular therapies. This highlights the need 

for optimized processes to ensure timely and effective treatment for patients.

K E Y  TA K E AWAY S

º The Pivot: Targeted therapy for glioblastoma is advancing, focusing on receptor-mediated approaches.

º The Data: Preclinical outcomes for nanoparticle-based targeted therapies show promise, with early-phase 

clinical trials underway.1

º The Action: Future research must prioritize biodegradable, biocompatible nanomaterials and optimized 

ligand designs to improve safety and translational feasibility.1

Glioblastoma multiforme (GBM) is characterized by its complex and heterogeneous nature, contributing to its status as 

one of the deadliest cancers globally.1 Despite this, targeted therapy offers a potential avenue for improved treatment. 

Research is extensively exploring receptor-mediated targeting strategies that exploit receptors overexpressed on the 

surface of GBM cells.1

These receptors include interleukin-13 receptor alpha 2 (IL-13R&#x3b1;2), transferrin receptor (TfR), receptor tyrosine 

kinases (RTKs), and integrins.1 Nanoparticles are being investigated as delivery vehicles for these targeted therapies. 

Examples include liposomes, lactoferrin-based specialized nanocarriers, and gold nanoparticles.1 These nanoparticles 

are functionalized with targeting ligands such as Pep-1L, lactoferrin, and RGD peptides.1 They are also loaded with 

anticancer drugs, including temozolomide, gefitinib, and epirubicin.1

Preclinical Findings and Translational Challenges
Preclinical studies have demonstrated promising outcomes for these targeted GBM therapies.1 Several formulations are 

currently in early-phase clinical trials, evaluating their safety, pharmacokinetics, and therapeutic efficacy.1

Certain receptors, such as periostin (POSTN) and chondroitin sulfate proteoglycan-4 (CSPG4), are involved in tumor 

invasion, glioma stemness, and therapeutic resistance.1 These receptors remain relatively underexplored, presenting 

opportunities for further research into novel therapeutic targets.1

Despite the advances in targeted therapy for GBM, clinical translation faces significant limitations.1 Key challenges 

include nanoparticle-associated cytotoxicity and off-target effects.1 These issues underscore the necessity for 

future research to focus on developing biodegradable and biocompatible nanomaterials.1 Additionally, optimizing 
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ligand-guided designs is critical to improve safety and enhance the translational feasibility of these therapies in 

glioblastoma.1 The literature search for these findings included PubMed and Google Scholar, covering the period from 

2006 to 2026.1

Clinical Context and Epidemiology of Glioblastoma
Glioblastoma is the most common and aggressive primary malignant brain tumor in adults, accounting for approximately 

48% of all primary malignant central nervous system tumors. The median age at diagnosis is 64 years, and the incidence 

rate increases with age. The prognosis for GBM patients remains poor, with a median survival of approximately 15 to 20 

months even with aggressive treatment regimens. Standard treatment typically involves maximal safe surgical resection, 

followed by radiation therapy and concomitant and adjuvant temozolomide chemotherapy. Despite these multimodal 

approaches, tumor recurrence is nearly universal, highlighting the urgent need for more effective therapeutic strategies. 

The infiltrative nature of GBM cells into surrounding healthy brain tissue makes complete surgical removal challenging 

and contributes to recurrence. Furthermore, the blood-brain barrier (BBB) poses a significant obstacle to drug delivery 

to the tumor site, limiting the efficacy of many systemic therapies.

Expanded Methodology and Mechanism of Action
The investigation into receptor-mediated targeting for GBM involves several methodological considerations. The 

selection of specific receptors for targeting is based on their overexpression on GBM cells compared to healthy brain 

tissue, which minimizes off-target effects. For instance, IL-13R&#x3b1;2 is expressed in a high percentage of GBM 

tumors but is largely absent in normal brain tissue, making it an attractive target. Transferrin receptor (TfR) is also 

overexpressed in GBM cells due to their high iron demand for rapid proliferation. Receptor tyrosine kinases (RTKs) 

like EGFR and PDGFR are frequently mutated or amplified in GBM, driving tumor growth and survival. Integrins, 

particularly &#x3b1;v&#x3b2;3 and &#x3b1;v&#x3b2;5, are involved in cell adhesion, migration, and angiogenesis, 

processes critical for GBM progression.

Nanoparticle design is crucial for successful targeted delivery. Liposomes, for example, are biocompatible and 

biodegradable lipid vesicles that can encapsulate both hydrophilic and hydrophobic drugs. Their surface can be modified 

with targeting ligands. Lactoferrin-based nanocarriers utilize lactoferrin's ability to cross the BBB via receptor-mediated 

transcytosis and its affinity for GBM cells. Gold nanoparticles offer tunable optical and electronic properties, making 

them suitable for both therapeutic delivery and imaging. The functionalization of these nanoparticles with specific ligands 

ensures selective binding to the overexpressed receptors on GBM cells. For instance, Pep-1L is a peptide ligand that 

targets IL-13R&#x3b1;2, while lactoferrin itself acts as a targeting ligand for TfR. RGD peptides specifically bind to 

integrins, facilitating cell-specific uptake. Once bound, these nanoparticles can deliver their encapsulated anticancer 

drugs directly into the tumor cells, increasing local drug concentration and potentially reducing systemic toxicity. 

Temozolomide is an alkylating agent, gefitinib is an EGFR tyrosine kinase inhibitor, and epirubicin is an anthracycline 

topoisomerase II inhibitor. The precise mechanism of action for each drug is exploited through this targeted delivery.

Deeper Limitations and Future Directions
Beyond nanoparticle-associated cytotoxicity and off-target effects, other limitations hinder clinical translation. The 

inherent heterogeneity of GBM tumors means that a single receptor target may not be universally expressed across 

all tumor cells within a patient or across different patients. This can lead to incomplete tumor eradication and the 
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emergence of resistant clones. Furthermore, the dynamic nature of GBM, where receptor expression can change over 

time or in response to therapy, presents a challenge for sustained efficacy. The immune microenvironment of GBM is 

also highly immunosuppressive, which can limit the effectiveness of targeted therapies, particularly those that might rely 

on immune activation. The long-term biodistribution and clearance of nanoparticles in the human body require extensive 

investigation to ensure safety and prevent accumulation in vital organs. Manufacturing scalability and cost-effectiveness 

of these complex nanocarriers are also practical considerations for widespread clinical adoption.

Future research must address these complexities. Developing multi-targeted nanoparticle systems that simultaneously 

engage several overexpressed receptors or target different pathways within GBM cells could overcome tumor 

heterogeneity. Combining targeted nanotherapies with immunomodulatory agents or conventional therapies may also 

enhance overall treatment efficacy. Advanced imaging techniques could be integrated with nanocarrier design to monitor 

drug delivery and therapeutic response in real-time, allowing for personalized treatment adjustments. Furthermore, 

understanding the specific patient populations that would benefit most from these targeted approaches, perhaps through 

biomarker stratification, is essential for optimizing clinical trial design and improving patient outcomes. The exploration 

of novel receptors like POSTN and CSPG4, which are implicated in critical GBM processes, offers promising avenues 

for developing new therapeutic targets with potentially fewer resistance mechanisms.
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CLINICAL IMPLICATIONS

The EHA 2026 discussion on CAR T-cell therapy for glioblastoma highlights a persistent problem in advanced 

oncology: the gap between promising preclinical data and effective clinical translation. While the identification 

of specific GBM cell surface receptors like IL-13R&#x3b1;2 and TfR is a necessary first step, the current 

limitations of nanoparticle-associated cytotoxicity and off-target effects are not minor hurdles; they are 

fundamental roadblocks. Clinicians need more than just novel targets; they require delivery systems that are 

both highly specific and inherently safe, a standard that current early-phase trials are still striving to meet.

For patients facing a diagnosis of glioblastoma, the promise of targeted therapy, including CAR T-cell 

approaches, offers a glimmer of hope in a disease with historically poor prognoses. However, the emphasis on 

“speed and reliability” is not merely an operational concern; it directly impacts patient access and outcomes. 

A therapy, no matter how theoretically potent, is clinically useless if it cannot be delivered consistently, safely, 

and within a timeframe that matches the aggressive progression of GBM. The industry must move beyond 

simply identifying targets and invest heavily in the engineering of truly biocompatible and biodegradable 

nanomaterials, alongside rigorous optimization of ligand designs, to ensure these therapies are not just 

innovative, but also deliverable.

The current landscape suggests that while the science of identifying targets is progressing, the engineering 

and manufacturing aspects are lagging. This creates a bottleneck for CAR T-cell therapies and other targeted 

approaches. Regulatory bodies will increasingly scrutinize not just efficacy, but also the safety profile and 

manufacturing robustness of these complex biological products. The call for optimized ligand-guided designs 

and safer nanomaterials is a clear directive for pharmaceutical and biotech companies: the next generation of 

targeted GBM therapies must prioritize not just cellular destruction, but also patient safety and the practicalities 

of clinical administration. Without this, the promise of CAR T for GBM will remain largely confined to preclinical 

reviews.
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