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Glioblastoma Multiforme (GBM) is 
the most common type of primary 
malignant brain tumour in adults, 
accounting for 54% of all gliomas. 

Approximately 0.59 to 3.69 GBM cases per 
100,000 of the population are diagnosed 
annually worldwide. GBM is also one of the 
most lethal brain tumours, with only one-third 
of patients surviving for one year and less than 
5% living beyond five years with an average 
survival of 12 to 15 months [4]. Therefore, the 
development of new and effective therapies for 
brain tumours, and GBM in particular, is a priority. 
While a number of key challenges exist, there 
are also promising treatment strategies being 
developed which could hold real hope for the 
future. 

When considering the development of new 
therapies, the first challenge is to ensure that 
the drug reaches its target within the brain. The 
blood brain barrier (BBB) prevents the entrance of 
many small drugs, in addition to larger molecules 
which have a therapeutic effect on the tumour 
cells, from entering the brain. One approach is 
to develop drugs attached directly to carrier 
proteins which bind to specific components of 
the BBB to facilitate their entry into the brain. A 
similar approach for targeting drug delivery is to 
load the drug into lipid vesicles which express 
the carrier protein in the outer membrane 
which can also transfer across the BBB [6]. 
Two particular receptor proteins have shown 

particular promise. The transferrin receptor (TfR) 
is expressed at a low level in most human tissues 
but at a high level in brain capillary epithelial 
cells. Therefore, drugs which are conjugate to 
the transferrin protein (Tf) can cross the BBB 
more readily, resulting in an increase in brain 
levels of a drug. This can also be achieved using 
Tf-containing liposomes [9]. A second target 
is the low-density lipoprotein (LDL) receptor. 
Again, these are expressed at a high level in the 
BBB epithelium and also in glioma cells. The 
angiopep-2 protein, which binds to the LDL, can 
increase drug uptake into the brain and initial 
pre-clinical experiments have demonstrated that 
liposomal membranes containing angiopep-2 can 
readily be taken up into the brain and deliver 
small marker peptides into glioma cells [1].  

Integrins are cell-surface proteins involved in 
communication between cells which are over-
expressed on tumour cells. Although there are a 
number of potential peptide ligands which may 
target integrins, the most promising to date is 
the [c(RGDfK)] tripeptide. When it is attached 
to the surface of liposomes, it increases their 
uptake into tumour cells. One study reported 
an increase in the uptake of the drug paclitaxel 
which is currently used to treat ovarian, 
breast, lung and other non-brain tumours. This 
demonstrates that the development of an 
appropriate drug delivery strategy will increase 
the library of drugs that may be used to target 
brain tumour cells [10]. A similar drug, cilengitide, 
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also binds to cell surface integrins and 
has undergone investigation. While this 
showed potential anti-tumour activity 
in pre-clinical models, a phase II clinical 
trial did not demonstrate any efficacy, 
either alone or when administered 
with temazolamide. This discrepancy 
highlights the challenge in translating the 
results obtained in pre-clinical studies 
into the clinical arena. 

The second challenge is to develop 
drugs that are effective in killing the 
tumour cells as some GBM cells have a 
particularly high resistance to currently 
employed radio- and chemotherapy 
approaches. A subclass of cells, termed 
GBM initiating cells (GIC), play a key 
role in the process of tumour initiation 
and sustained growth, and so represent  
a potential drug target. The bone 
morphogenic protein (BMP) is one of a 
group of compounds associated with 
the inflammatory response within the 
brain which reduces glioma cell growth 
and makes them more susceptible to 
conventional chemotherapy, including 
temozolamide. Early clinical studies 
have reported that glioma cells which 
themselves express higher levels of 
endogenous BMP, have a better clinical 
prognosis. However, the pre-clinical 
studies that have been carried out 
to date have used direct intracranial 
injections of the protein which would 
not be routinely clinically appropriate.  
A similar target is the CD133 protein 
which is expressed on cancer stem 
cells (CSCs) which are associated 
with increased tumour malignancy. 
Peripherally administered liposomes 
containing antibodies to CD133 bind and 
are taken up into tumour cells, leading to 
a significant increase drug levels within 
the cells [8]. CD133 has also been used 
as a target using the emerging chimeric 
antigen receptor (CAR-T) cell approach. 
These cells have been engineered to 
express the CD133-specific antigen to 
target and ultimately kill CD133-positive 
CSCs, both in vitro and in a pre-clinical 
model [11]. Interestingly, the promising 
results using the CAR-T technology is 
associated with the entry of the immune 
cells into the brain, thus questioning 
the dogma that the brain is an immune 
privileged site.

Activation of the epidermal growth 
factor receptor (EGFR) increases glioma 
cell proliferation and tissue invasion, 
and its expression is upregulated in 
up to 50% of glioblastoma cells. The 

tumour-specific mutation EGFRvIII is 
also expressed in glioblastoma cells, 
making it an appealing therapeutic 
target. A number of strategies have been 
developed to inhibit receptor activation 
and therefore decrease tumour cell 
proliferation and penetration. Liposomes 
which contain an agent directed against 
EGFR, cetuximab, were reported to 
enhance their uptake and accumulation 
within the cells, although this was 
not observed in tumours which only 
expressed the EGFRvIII mutation, thus 
highlighting the potential selectivity of 
such cell-targeted approaches.  A vaccine 
targeted against EGFRvIII receptor variant, 
rindopepimut, is currently undergoing 
phase II clinical trials with initial positive 
reports [3]. CAR-T cells have also been 
engineered to target both the EGFR 
and EGFRvIII epitopes and intracranial 
injections in pre-clinical models have 
reported positive results [5]. 

Another growth factor that has been 
identified as a therapeutic target is the 
vascular endothelial growth factor (VEGF) 
which binds the VEGF-R receptor to 
activate cell growth. This is expressed 
particularly by higher grade glioblastmas 
and is indicative of a poor treatment 
outcome. A study using the VEGF-R 
inhibitor, axitinib, has reported promising 
pre-clinical results [7]. However, a trial of 
an antibody directed against the VEGF 
peptide, bevacizumab, was unsuccessful 
in initial clinical trials. a subsequent 
analysis of the data suggested that a 
sub-group of patients demonstrated a 
positive response, so this warrants further 
research to be able to identify those who 
will respond to the therapy [2]. However, 
a clinical trial combining bevacizumab 
with rindopepimut represents an 
approach using complementary 
immunological approaches targeted 
against two proteins. Early results have 
reported potential clinical benefits [3].

In conclusion, while the library of 
existing treatments for brain tumours 
remains extremely limited at present, 
new technological approaches may 
provide the next-generation of therapies 
that will be more effective against 
brain tumours. This will address the 
key current challenges including access 
of the treatments to the tumour and 
the identification of new therapeutic 
targets which will be effective against 
the heterogeneous populations of brain 
tumour cells.
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