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ABSTRACT
Glioblastoma Multiforme (GBM) is still one of the most aggressive and resistant brain tumours, and 
current treatment options provide only minimal improvements in survival. Effective drug delivery 
is severely hampered by the complexity of GBM, which is defined by its heterogeneity and the 
Blood-Brain Barrier (BBB). The most recent developments in precision drug delivery technology 
are examined in this study to address these issues and enhance treatment outcomes for GBM 
patients. We discuss various innovative approaches, including nanoparticle-based systems, 
bioconjugates, ligand-targeted therapies, and gene delivery platforms. These technologies are 
specifically engineered to enhance drug penetration across the BBB, target tumour-specific 
pathways, and minimise off-target effects, thereby potentially revolutionizing GBM treatment. 
The review also addresses the challenges associated with clinical translation, including 
regulatory hurdles, safety concerns, and the need for scalable manufacturing processes. This 
review endeavours to offer a comprehensive overview of the potential of precision drug delivery 
to facilitate more personalised and effective GBM therapies in the near future by emphasising the 
most promising strategies and emergent trends in the field.
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INTRODUCTION

Glioblastoma Multiforme (GBM) is the predominant and 
deadliest primary brain tumour in adults, comprising almost 
80% of all brain tumours and close to 60% of malignant brain 
tumours.1 GBM, distinguished by its fast growth, invasiveness, 
and resistance to standard therapy, poses a difficult challenge in 
neuro-oncology. The average survival rate for patients diagnosed 
with GBM is dismally low, typically ranging from 12 to 15 
months, even with aggressive treatment.2 This grim prognosis is 
primarily due to the tumor’s highly infiltrative nature, making 
complete surgical resection nearly impossible and leading to 
inevitable recurrence. The World Health Organisation classifies 
GBM as a grade IV astrocytoma, which indicates its high 
aggressiveness.3 The histological hallmarks of the tumour include 
angiogenesis, the growth of aberrant blood vessels, and necrotic 
regions surrounded by densely packed tumour cells, known as 
pseudo palisading necrosis.4 These characteristics and genetic 
and molecular heterogeneity contribute to the tumor's resilience 
against standard therapies.5

The current recommended treatment for GBM involves extensive 
surgical removal of the tumour, followed by simultaneous 
administration of radiation therapy and chemotherapy using 
Temozolomide (TMZ). Several intrinsic constraints contribute 
to the poor prognosis for GBM, even with current therapies. 
Surgical resection, while critical for reducing tumor burden, 
cannot eradicate the infiltrative tumor cells that extend into 
surrounding healthy brain tissue, leading to frequent local 
recurrences.6 Radiation therapy aimed at controlling the residual 
tumor is often hindered by the radio resistance of GBM cells. At 
the same time, TMZ, the most commonly used chemotherapeutic 
agent, is only moderately effective and is usually met with tumor 
resistance over time.7

Moreover, the BBB, a selective and protective barrier formed by 
endothelial cells lining the brain’s capillaries, poses a significant 
obstacle to effective chemotherapy. The BBB impedes the 
passage of most drugs into the brain, constraining the effective 
dosage of chemotherapeutic treatments within the tumour 
microenvironment. This challenge is exacerbated by the molecular 
heterogeneity of GBM, with different tumor regions exhibiting 
distinct genetic and phenotypic profiles, leading to varied 
responses to treatment and further complicating therapeutic 
efforts.8,9 In light of the constraints of existing treatment options, 
there is an immediate requirement for innovative drug delivery 
methods that can surmount the obstacles presented by the 
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biology of GBM. One of the most significant hurdles in treating 
GBM is the BBB, which not only limits drug delivery but also 
plays a role in maintaining the tumor’s microenvironment, 
contributing to therapy resistance. It is imperative to develop 
innovative drug delivery systems that bypass or penetrate the 
BBB to enhance the therapeutic outcomes for GBM patients.10 
The heterogeneity of GBM, both at the genetic and cellular levels, 
further underscores the need for precision medicine approaches 
in drug delivery. Precision medicine is adapting treatment to the 
specific characteristics of each patient's tumour, including its 
molecular and genetic makeup. Precision medicine can maximise 
therapeutic benefit while reducing side effects by focusing on 
specific pathways and mechanisms that cause GBM in various 
patients.11

Innovative drug delivery methods, including liposomes, viral 
vectors, and nanoparticles, are being investigated to enhance 
the transport and targeting of therapeutic agents to the GBM 
site. These systems can be designed to penetrate the Blood-Brain 
Barrier (BBB) and specifically transport medications to cancerous 
cells while avoiding damage to healthy brain tissue and minimising 
overall toxicity. Additionally, advances in imaging and diagnostic 
technologies are aiding in the precise characterization of GBM, 
enabling more accurate targeting of therapies.12,13

Interdisciplinary partnerships among neuroscientists, oncologists, 
bioengineers, and material scientists propel the fast-evolving field 
of precise medication delivery for GBM. This review attempts to 
give a thorough overview of the advancements made in targeting 
GBM and the possible influence these developments may have 
on bettering patient outcomes in the future by looking at the 
state-of-the-art and developing technologies. This review critically 
analyzes the strengths and limitations of various precision drug 
delivery approaches, evaluates their performance in preclinical 
and clinical studies, and discusses the challenges that must be 
overcome to translate these promising technologies into clinical 
practice. By synthesizing the latest research and identifying key 
trends, we hope to offer insights into the future direction of GBM 
treatment and inspire further innovation in this critical area of 
neuro-oncology.

CHALLENGES IN BRAIN DRUG DELIVERY

Blood-Brain Barrier

The Blood-Brain Barrier (BBB) is a discerning partition that 
segregates the flowing blood from the extracellular fluid in the 
brain. From a structural standpoint, it consists of endothelial cells 
closely connected by tight junctions. Pericytes, astrocyte end feet, 
and a basement membrane surround these cells. The primary 
purpose of the BBB is to safeguard the brain against potentially 
detrimental compounds in the bloodstream while permitting the 
flow of vital nutrients and gases. Nevertheless, this characteristic 
of selective permeability presents a considerable obstacle to 

the transportation of drugs to the brain. Several therapeutic  
treatments, particularly those that are giant molecules and 
hydrophilic medicines, cannot penetrate the (BBB), which 
restricts their effectiveness in treating brain tumours such as 
GBM. The BBB employs various mechanisms to limit drug 
delivery, including efflux transporters such as P-glycoprotein 
(P-gp) and Multidrug Resistance-associated Proteins (MRPs), 
which actively pump out drugs that manage to penetrate the 
endothelial cells. Additionally, the BBB’s high expression of 
metabolic enzymes further degrades therapeutic agents before 
they can reach their target within the brain.14,15 One of the main 
goals of GBM research is to overcome the BBB. Techniques such 
as focused ultrasound-assisted BBB rupture, drug administration 
via nanoparticles, and the creation of BBB-penetrating peptides 
are all being investigated.16 Despite these efforts, achieving 
consistent and safe drug delivery across the BBB remains a 
formidable challenge.

Tumor Microenvironment
The Tumour Microenvironment (TME) in GBM plays a critical 
role in the resistance to therapy and the failure of drug treatments. 
It is distinguished by a dense extracellular matrix, hypoxia, and 
immunological suppression, all of which make treatment of this 
malignancy more challenging. Hypoxia, or low oxygen levels 
within the tumor, is a common feature of GBM and promotes 
resistance to both chemotherapy and radiotherapy. Hypoxic 
conditions lead to the activation of Hypoxia-Inducible Factors 
(HIFs), which in turn upregulate survival pathways in tumor cells 
and alter drug metabolism, further diminishing the efficacy of 
treatments. Moreover, hypoxia-induced angiogenesis contributes 
to the abnormal vasculature of GBM, exacerbating the difficulty 
of drug delivery.17,18

The immune-suppressive environment within GBM also hinders 
therapeutic efforts. Tumour-associated macrophages and 
Myeloid-Derived Suppressor Cells (MDSCs) within the TME 
facilitate immune evasion and tumour proliferation. Additionally, 
the release of immunosuppressive cytokines and the presence of 
regulatory T cells create a barrier to effective immunotherapy. 
The dense Extracellular Matrix (ECM) in GBM, composed of 
collagen and hyaluronic acid proteins, also acts as a physical 
barrier to drug penetration. This ECM can trap therapeutic 
agents, preventing them from reaching the tumor cells, and 
contribute to drug resistance through interactions with cellular 
receptors that activate survival pathways.19,20

Heterogeneity of Glioblastoma
The remarkable genetic and phenotypic heterogeneity of GBM 
is recognised both within the same tumour (intra-tumoral 
heterogeneity) and between distinct tumours (inter-tumoral 
heterogeneity).21,22 This diversity poses a significant challenge 
for targeted drug delivery. Genetic heterogeneity in GBM 
includes variations in key signalling pathways, such as the 
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PI3K/AKT/mTOR, p53, and RAS/MAPK pathways, which can 
lead to differing responses to treatment among patients. Even 
within a single tumor, different regions may exhibit distinct 
genetic profiles, contributing to varied drug sensitivities and the 
development of resistant subclones.23,24 Phenotypic heterogeneity 
further complicates treatment, as GBM cells can transition 
between different states, such as the proneural, mesenchymal, 
and classical subtypes. This plasticity allows tumor cells to 
adapt to therapeutic pressures, leading to treatment failure and 
recurrence.25 The implications of GBM heterogeneity for drug 
delivery are profound. Targeted therapies that may be effective 
against one tumor subtype or genetic variant may be ineffective 
against others, necessitating combination therapies or the 
development of personalized treatment approaches. However, the 
challenge lies in accurately identifying and targeting the diverse 
and evolving populations of tumor cells within a patient’s GBM.

CONVENTIONAL THERAPIES

Surgery, radiation therapy, and chemotherapy have traditionally 
been the primary methods used to treat glioblastoma. Surgical 
resection is a procedure that seeks to eliminate the tumour by 
extracting as much of it as feasible. In contrast, radiation therapy 
employs powerful beams of energy to obliterate cancer cells. 
Chemotherapeutic agents, administered systemically, seek to 

inhibit tumour cells' rapid division and growth. Though these 
conventional approaches have seen some success, they often fall 
short of effectively eradicating the entirety of glioblastoma, leading 
to recurrence and poor long-term outcomes. The non-specific 
targeting of radiation and chemotherapy, as well as the intrusive 
nature of surgery, can cause serious side effects that negatively 
affect a patient's quality of life. As researchers continue to delve 
deeper into the complex biology of glioblastoma, new, more 
targeted therapeutic strategies are emerging that hold promise 
for improving the prognosis for those battling this devastating 
disease.26,27

LIMITATIONS OF CONVENTIONAL THERAPIES

Conventional cancer therapies, such as chemotherapy and 
radiation, often fall short when it comes to treating glioblastoma. 
These approaches struggle to target the elusive tumor cells 
effectively, leading to suboptimal outcomes. Furthermore, 
the systemic toxicity associated with many anti-cancer drugs 
can cause debilitating side effects, compromising the patient's 
quality of life. Equally concerning is the growing problem of 
drug resistance, where glioblastoma cells develop the ability to 
evade the cytotoxic effects of these treatments, rendering them 
increasingly ineffective over time.28,29 To  improve the prognosis 
for individuals battling this devastating form of brain cancer and 

Figure 1:  Schematic representation of different types of drug delivery carriers.
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surmount the limitations of conventional therapies, it is evident 
that new and innovative strategies are required.

INNOVATIVE DRUG DELIVERY TECHNOLOGIES 
FOR GLIOBLASTOMA

The need for precision drug delivery in the treatment of GBM, an 
aggressive form of brain cancer, has become increasingly apparent. 
A targeted approach to treatment holds the promise of improved 
therapeutic efficacy, allowing for more effective elimination of 
tumor cells while minimizing the detrimental impact on healthy 
surrounding tissues. By delivering drugs directly to the site of 
the tumor, the risk of systemic side effects can be significantly 
reduced, enhancing the patient's quality of life and increasing 
the chances of successful outcomes. This targeted approach is 
a significant breakthrough in the battle against this incurable 
illness, providing renewed hope to glioblastoma patients.

Nanoparticles are a viable solution for improving the delivery of 
therapeutic medicines to glioblastoma tumours. These nano-scale 
carriers can encapsulate a diverse array of drugs, facilitating 
more precise delivery and sheltering them from degradation.30 
Nanoparticles can be preferentially accumulated within the 
tumour by utilising the Enhanced Permeability and Retention 
(EPR) effect, resulting in superior tumour targeting and increased 
drug concentrations at the disease site.31 This targeted approach 
helps minimize off-target toxicity, potentially improving the 
therapeutic index and patient outcomes. Several categories of 
nanoparticles, such as liposomes, polymeric nanoparticles, and 
metallic nanoparticles, have been investigated to treat GBM. 
Figure 1 depicts the schematic portrayal of different drug delivery 
carriers.

Polymeric Nanoparticles

Polymeric Nanoparticles (PNPs) have garnered significant 
attention as sophisticated nanocarriers capable of addressing the 
formidable challenges posed by gliomas, particularly in enhancing 
the precision and efficacy of therapeutic interventions. Among 
the myriad polymeric structures, Poly (Lactic-co-Glycolic Acid) 
(PLGA) nanoparticles stand out due to their biodegradability 
and biocompatibility.32 PLGA-based systems facilitate the 
encapsulation of diverse therapeutic moieties, ensuring 
controlled release kinetics, thus minimizing off-target effects and 
systemic toxicity.33 Maria et al. developed transferrin-conjugated 
PLGA nanoparticles for the co-delivery of temozolomide and 
bortezomib to GBM cells. Dual drug combination promoted a 
synergistic effect, and the conjugation of transferrin enhanced the 
targeting ability of the nanoparticle.34 Conversely, chitosan-based 
nanoparticles leverage their intrinsic mucoadhesive properties 
and ability to transiently disrupt tight junctions within the BBB, 
thus augmenting CNS penetration.35 Polyethylene Glycol (PEG)-
coated nanoparticles, through the process of PEGylation, exhibit 
prolonged systemic circulation by evading the mononuclear 

phagocyte system, thereby enhancing their propensity to 
accumulate within the tumour microenvironment.36 Polysorbate 
80-coated nanoparticles, meanwhile, exploit receptor-mediated 
endocytosis mechanisms, thus facilitating BBB translocation, 
which is pivotal in achieving efficacious glioma targeting.37 
The burgeoning field of personalised nanomedicine will likely 
influence the future trajectory of polymeric nanoparticles in 
glioma therapy. Advances in genomic and proteomic profiling of 
gliomas may pave the way for the development of tailor-made 
nanoparticle systems customised to individual tumours' 
molecular and phenotypic characteristics. This could potentially 
enhance therapeutic outcomes by aligning treatment strategies 
with the unique biological context of each patient’s tumor.

Additionally, the integration of imaging modalities with 
therapeutic nanoparticles could yield theranostic platforms that 
treat and provide real-time feedback on therapeutic efficacy, 
thereby enabling dynamic adjustments to treatment regimens. 
Such innovations could herald a new era of precision oncology 
in glioma management, offering hope for improved patient 
outcomes in this notoriously challenging malignancy.

Lipid-based nanoparticles for Drug Delivery

Liposomes and Solid Lipid Nanoparticles (SLNs) have emerged 
as promising drug delivery systems in treating gliomas, offering 
innovative solutions to the challenges posed by the BBB and 
the need for targeted therapeutic interventions. Liposomes are 
nanoscale vesicles characterized by one or more phospholipid 
bilayers encapsulating an aqueous core, capable of incorporating 
both hydrophilic and hydrophobic drugs.38 Their surface can 
be functionalized with targeting ligands such as monoclonal 
antibodies, peptides, or aptamers, facilitating receptor-mediated 
endocytosis by glioma cells. Liposomes enhance BBB permeation 
and accomplish tumour-specific targeting due to their structural 
versatility, which improves drug accumulation at the tumour 
site while minimising systemic toxicity.39 For instance, Cen 
et al. devised a liposomal delivery vector with dual-targeting 
capabilities specifically designed to transport the anticancer drug 
doxorubicin for treating glioma. SS31, a peptide of tiny size, has 
exhibited the capacity to target mitochondria and effectively cross 
the BBB selectively.40 However, liposomes face challenges such as 
physicochemical instability in the systemic circulation, which can 
lead to premature drug release, and the complexities involved in 
their large-scale manufacturing.

On the other hand, SLNs are composed of a solid lipid core 
stabilized by surfactants, providing a protective matrix for the 
encapsulated drug, particularly lipophilic agents. SLNs offer 
advantages such as enhanced stability and controlled drug 
release, maintaining therapeutic drug levels over extended 
periods. Their biocompatibility, owing to the use of physiological 
lipids, further underscores their potential as safer alternatives for 
repeated administration. Nevertheless, SLNs are constrained by 
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limitations in drug loading capacity, especially for hydrophilic 
drugs, and the risk of burst release, where a significant fraction 
of the drug is rapidly released, potentially causing toxicity.41,42 
Both liposomes and SLNs have been extensively investigated 
for delivering chemotherapeutic agents, small interfering RNA 
(siRNA), and other therapeutic molecules to glioma cells.43 
Their ability to enhance drug accumulation within the tumor 
microenvironment, coupled with the reduction of systemic 
side effects associated with traditional therapies, positions these 
nanocarriers as promising candidates in glioma management. 
However, to fully harness their clinical potential, ongoing 
research must address challenges related to optimizing stability, 
drug loading efficiency, and targeting specificity, thereby paving 
the way for more effective glioma therapies.

Gold and Metal-Based Nanoparticles

The dual functionality of gold and other metal-based nanoparticles 
in drug delivery and imaging is currently being investigated. 
These nanoparticles can be engineered to deliver therapeutic 
agents directly to GBM cells and to function as contrast agents 
for imaging techniques such as CT or MRI scans.44 Metal 
nanoparticles' unique optical and electrical capabilities allow 
for accurate imaging and real-time monitoring of medication 
distribution in the brain. Metal-based nanoparticles (silver, 
iron oxide zinc oxide, and platinum nanoparticles) offer several 
advantages in targeting GBM and overcoming drug resistance. 
Their surface can be functionalized with targeting ligands, such as 
antibodies or peptides, to enhance their specificity for GBM cells.45 
Metal nanoparticles can also be utilised to deliver drugs that block 
particular resistance mechanisms, like DNA repair pathways or 
efflux pumps. These nanoparticles also have the potential to be 
used in combination with other therapies, such as photothermal 
or photodynamic therapy, to improve treatment outcomes.46 The 
future of metal-based nanoparticles for glioma treatment lies in 
their potential for personalized medicine, combining enhanced 
targeting and multifunctionality with improved safety profiles to 
overcome challenges like BBB penetration and toxicity.

Bioconjugates and Ligand-Targeted Delivery

A targeted method to treating GBM, Antibody-Drug Conjugates 
(ADCs) combine the cytotoxicity of chemotherapy drugs 
with the specificity of monoclonal antibodies. The mechanism 
involves the binding of the ADC to particular antigens on the 
surface of GBM cells, followed by internalisation and release of 
the cytotoxic drugs. ADCs are designed to minimize off-target 
effects and enhance the therapeutic index of anticancer drugs.47 
Several ADCs are under investigation for GBM therapy. For 
example, Depatux-M, an Antibody-Drug Conjugate (ADC) 
that specifically targets the EGFR VIII mutation frequently 
observed in GBM, has demonstrated encouraging results in 
both preclinical and initial clinical investigations.48 Other ADCs 
targeting integrins and other GBM-specific antigens are also 

being developed, with the goal of improving drug delivery to the 
tumor while sparing healthy brain tissue.

Peptide and Aptamer-Based Targeting

Aptamers and peptides are tiny compounds that have a high 
affinity and selectivity for binding to particular antigens or 
receptors on GBM cells. In order to deliver medications directly 
to the tumour, these targeting ligands can be conjugated to 
nanoparticles or used as standalone agents. Peptide-based 
targeting has the advantage of being relatively easy to synthesize 
and modify, while aptamers offer high binding specificity 
and stability.49 Peptide and aptamer-based targeting systems 
have shown promise in preclinical studies for GBM treatment. 
Peptide-conjugated nanoparticles have been used to deliver drugs 
like temozolomide and doxorubicin, with enhanced targeting 
and reduced toxicity. Aptamer-based systems are being explored 
for the delivery of siRNA and other therapeutic agents, offering a 
highly specific approach to targeting GBM cells and overcoming 
the challenges of drug resistance.50

Gene and RNA-Based Delivery Systems

Small interfering RNA (siRNA) and microRNA (miRNA) are 
powerful tools for gene silencing, capable of targeting and 
downregulating specific oncogenes involved in GBM progression. 
Nanoparticles designed to deliver siRNA or miRNA can cross the 
BBB and specifically target tumor cells, reducing the expression 
of oncogenic proteins and inhibiting tumor growth. siRNA 
and miRNA delivery systems have shown promising results in 
preclinical models of GBM. For example, nanoparticles delivering 
siRNA against genes like EGFR or VEGF have demonstrated 
significant tumor regression and prolonged survival in animal 
models. The ability to target multiple pathways involved in GBM 
progression makes siRNA and miRNA delivery a promising 
strategy for combination therapy.51-53

CRISPR/Cas9 Delivery

A revolution in the field of genetic engineering has been brought 
about by the CRISPR/Cas9 gene-editing technology, which 
has the ability to fix genetic mutations or disrupt oncogenes in 
Glio Blastoma Multiforme syndrome (GBM). The distribution 
of CRISPR/Cas9 components to the brain presents a number 
of important problems; nevertheless, nanoparticles and viral 
vectors are now being developed to assist efficient delivery and 
gene editing in GBM cells. Recent advances in CRISPR/Cas9 
delivery systems have shown potential for GBM treatment. For 
instance, nanoparticles encapsulating CRISPR/Cas9 components 
have been used to knock out oncogenes like IDH1 and PTEN in 
GBM models, leading to tumor regression. While still in the early 
stages of development, CRISPR/Cas9-based therapies could offer 
a novel approach to treating GBM by targeting the genetic drivers 
of the disease.54-56
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Exosome and Extracellular Vesicle-Mediated 
Delivery
Exosomes and Extracellular Vesicles (EVs), naturally occurring 
nanostructures secreted by cells, possess the intrinsic ability to 
shuttle bioactive molecules such as proteins, RNA, and lipids 
between cells. These vesicles can be bioengineered to encapsulate 
therapeutic cargos, including pharmacological agents, siRNA, 
and CRISPR/Cas9 constructs, facilitating their traversal across 
the BBB to specifically target GBM cells. Leveraging exosome and 
EV-mediated delivery systems presents a novel and sophisticated 
approach to personalized medicine for GBM. These vesicles, 
when derived from autologous cells, offer the dual advantages 
of minimizing immunogenicity and optimizing the delivery 
of tailored therapies. In preclinical investigations, exosomes 
laden with anticancer agents or gene-editing components have 
demonstrated robust antitumor efficacy, underscoring their 
potential as an avant-garde platform for drug delivery in GBM 
treatment.57-59

Glioblastoma treatment has the potential to be significantly 
improved through the development of novel drug delivery systems, 
which hold a great deal of promise. Nanoparticle-based systems, 

bioconjugates, ligand-targeted delivery, and gene/RNA-based 
approaches offer targeted and efficient drug delivery to the tumor 
site, potentially overcoming the challenges posed by BBB and 
drug resistance. Continued research and clinical development 
of these technologies could pave the way for more effective and 
personalized therapies for GBM, ultimately improving patient 
outcomes. Table 1 provides an overview of different drug delivery 
systems, including their targeting mechanisms, advantages, and 
challenges

CLINICAL TRANSLATION AND CHALLENGES

Novel Drug Delivery Systems (NDDS) for GBM are currently 
under intense investigation, with multiple clinical trials 
assessing their efficacy and safety. One of the prominent 
strategies being explored is the use of nanoparticles, including 
liposomes, dendrimers, and polymeric nanoparticles, created 
to bypass the BBB and deliver therapeutic agents directly to 
the tumor site. Clinical trials like NCT03603379 are evaluating 
the use of nanoliposomes loaded with doxorubicin, a potent 
chemotherapeutic agent, showing promising results in preclinical 
models.60

Types of drug delivery system Targeting mechanism Advantages challenges

Polymeric nanoparticles Passive targeting (EPR effect) Controlled drug release, 
reduced systemic toxicity

Heterogeneous EPR effect, 
potential toxicity

Lipid nanoparticles Ligand-receptor targeting Enhanced drug solubility 
and stability

Limited brain penetration, 
potential immune response

Metal-based nanoparticles Active targeting (Ligand 
functionalised)

Targeted delivery, potential 
for hyperthermia, High 
surface area

Long-term toxicity, potential 
accumulation

Dendrimers Passive/active High drug loading 
capacity, precise targeting

Complex synthesis, potential 
cytotoxicity

Bioconjugate/ligand targeted Ligand-targeted delivery High specificity, minimal 
off-target effects

Complex manufacturing, 
potential for resistance

Peptide and Aptamer Ligand-receptor targeting, 
Nucleic acid aptamers for 
molecular recognition

High specificity, ability 
to penetrate cells, low 
immunogenicity

Short half-life, stability 
issues, delivery challenges

Gene and RNA Viral vector-mediated 
targeting

Direct correction of 
genetic mutations

Immune response, 
integration issues,
delivery efficiency, stability 
of RNA molecules

CRISPR/Cas9 Delivery Gene editing, Targeted 
knockout

Precision targeting, 
potential for long-term 
cure

Off-target effects, delivery 
challenges

Exosome and Extracellular 
Vesicle-Mediated Delivery

Natural targeting ability Biocompatibility, low 
immunogenicity

Isolation and purification 
challenges

Table 1:  Details of various types of drug delivery systems, their targeting mechanisms, advantages and challenges. 
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Another innovative approach involves implantable devices 
that release drugs over time, such as the Gliadel® wafer, which 
has shown success in delivering carmustine directly to the 
post-surgical resection cavity in GBM patients.61 These trials have 
reported improved survival rates and reduced systemic toxicity 
compared to traditional delivery methods. However, setbacks 
such as limited patient recruitment and variations in drug delivery 
efficiency due to tumor heterogeneity have hindered some trials, 
highlighting the complexity of translating these technologies 
from bench to bedside.

FUTURE PERSPECTIVES

As the field of GBM treatment evolves, several emerging trends 
in drug delivery are poised to revolutionize the therapeutic 
landscape. Advances in nanotechnology are leading to the 
development of multi-functional nanoparticles capable of 
simultaneous diagnosis and therapy, known as theranostic agents. 
Another promising avenue is the exploration of bioengineered 
delivery systems, such as exosomes and other extracellular 
vesicles, which offer a biocompatible and highly targeted means 
of delivering therapeutics to GBM cells. The possibility to 
overcome the current constraints of GBM treatment lies in these 
developments and in the ongoing improvement of currently 
available technology. Furthermore, the overall safety profile of 
GBM therapies could be enhanced, and the risk of adverse effects 
could be reduced through the development of more biocompatible 
and patient-specific delivery systems.

CONCLUSION

In conclusion, the landscape of drug delivery for GBM is 
undergoing rapid transformation, driven by advances in 
nanotechnology, bioengineering, and drug discovery. While 
significant challenges remain in the clinical translation of these 
innovations, the potential benefits for patients are substantial. 
Continued research and collaboration among interdisciplinary 
teams will be required to overcome the limitations to clinical 
application and fully realise the potential of these technologies. 
The future of GBM treatment lies in the successful convergence 
of these cutting-edge approaches, offering hope for more effective 
and personalized therapies in the fight against this devastating 
disease.
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