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Brain tumours represent an extremely 
varied group of cancers which are further 
complicated by the potential heterogeneity 

that exists within individual tumour masses. This 
has had particular implications for the lack of 
success in the development of new effective 
medications. In order to develop new therapeutic 
approaches, a clearer understanding of the 
molecular and pathological basis of tumour cells 
is required. 

In 2007, the World Health Organisation 
published official guidelines for the categorisation 
of over 120 different tumour types based upon 
their pathological and histological characteristics, 
location, morphology, age of onset and tumour 
stage. The classification of specific tumour 
types, which is required in order to identify 
the most appropriate treatment strategy, has 
provided a significant challenge. The potential 
disconnect between clinical symptoms and the 
tumour classification has also been particularly 
problematic.

Over time, new and more sensitive techniques 
have been developed to allow for a greater 
accuracy in the histological assessment of tumour 
types. More importantly, the development of 
molecular and genetic data has emerged to 
increase our understanding of the biochemical 
aspects of specific brain tumour cell types. The 
International Cancer Genome Atlas has served as a 

comprehensive repository of information that has 
been used to define the molecular characteristics 
of specific tumour cell types [1].

The updated guidelines, which were published 
in 2016 by a core working group of 35 researchers 
from 10 countries, are a major step forwards 
as they integrate both updated histological 
information in combination with molecular and 
genetic data [2]. This provides a much more 
accurate classification of tumour cell types and the 
inclusion of the genetic information reflects the 
technical advances that have occurred in the field 
of brain tumour studies. The integration of both 
phenotypic and genotypic components provides 
a more sensitive yet complex assessment process 
which can increase the diagnostic accuracy. 
Critically, this classification may also help to 
identify more effective treatments for people as 
we move towards an era of personalised medicine. 

However, the redefinition has also resulted in 
a realignment of some tumour subtypes which 
will also provide an additional challenge for their 
diagnosis and subsequent treatment. A number of 
tumour subtypes have been re-classified according 
to the expression of three specific tumour 
markers: 1p/19q co-deletion, either an isocitrate 
dehydrogenase-1 (IDH1) or IDH2 mutation, or of the 
TERT (telomerase reverse transcriptase) promoter. 
These gene mutations have also improved our 
understanding of potentially altered tumour cell 
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functionality and therefore possible 
drug targets. Mutations in cytosolic 
IDH1 influence key metabolic pathways 
and are of particular importance 
when sub-classifying tumours and 
potentially influencing their treatment 
[3]. IDH1, which is mutated in 70–90% 
of low-grade tumours, catalyses the 
oxidative decarboxylation of isocitrate 
to α-ketoglutarate while mutant IDH1 
catalyses the subsequent conversion of 
α-ketoglutarate into 2-hydroxyglutarate. 
This accumulation of 2-hydroxyglutarate 
within IDH1-mutant tumour cells is 
associated with a reduction in glutamate 
levels. Such changes in the metabolic 
properties of tumour cells associated 
with genetic subtypes can potentially be 
exploited for more accurate molecular 
imaging of mutant IDH tumours in 
addition to the subsequent targeting of 
specific therapies. Studies, for example, 
have reported that tumours with mutant 
IDH1 are more susceptible to the action 
of temozolomide and are associated 
with longer overall survival. However, 
a third group of tumours referred to as 
NOS (not otherwise specified) have also 
been reported where the IDH1 format is 
unknown. Additionally, there can be a 
lack of concordance between histology 
and clinical manifestation, particularly in 
primary gliomas, and this will influence 
therapy and the identification of new 
therapeutic targets [4].

Other tumour types have also been 
re-classified according to the combined 
histological and molecular characteristics. 
A decision tree model has been 
developed to provide guidelines on the 
parameters which should be assessed 
when making a tumour diagnosis. It 
is proposed that an initial provisional 
diagnosis should be made based on 
tumour histology. This will then inform 
the molecular testing to be carried out 
and the weighting that will be attached 
when making the final diagnosis [5]. 
Another key challenge facing tissue 
analysis and characterisation is tumour 
heterogeneity which can occur at both 
a histological and a genetic level. This 
can make it difficult to identify the 
appropriate therapies as some may 
actually result in the generation of 
cellular subtypes which are drug resistant. 
For example, treatment of certain 
glioblastoma tumours with temozolomide 
has been shown to generate CD133+ve 
glioma stem cells which are resistant 
to the action of the drug in subsequent 

chemotherapy treatment [6]. In addition 
to the histological and genetic changes 
associated with specific tumour types, 
different epigenetic modifications 
have also been reported. These can be 
manifest in a number of ways including 
the silencing of tumour suppressor 
genes and activation of oncogenes by 
a variety of mechanisms including DNA 
methylation, chromatin remodelling, 
histone modification and noncoding RNA-
mediated gene silencing. The multiplicity 
of tumour cell epigenetic changes further 
highlights the complexity of brain tumour 
cells.

In order to further develop our 
understanding of brain tumours, it is 
important that tumour tissue samples 
should be available to researchers. This 
is of particular importance for the study 
of tumour heterogeneity. BRAIN UK was 
initiated by the charity brainstrust in 
Southampton with funding from Brain 
Tumour Research, brainstrust and Charlie’s 
Challenge, and it is a collaboration 
between the University of Southampton, 
Plymouth Hospitals NHS Trust and Bristol 
University [7]. This is a virtual tissue 
bank which links 26 hospitals across the 
UK and provides a single application 
centre for tissue samples. It has details 
of over 400,000 samples throughout 
the UK which are potentially available 
for research. This single point of contact 
provides a vital interface between 
researchers and tissue facilities in order 
that applications are streamlined with 
minimal administrative burden.

Although the use of stored tissue 
samples as well as fresh surgical sections 
is essential for tumour classification, it 
essentially provides a snapshot of the 
tissue at the time of surgery. Furthermore, 
it can be difficult to appreciate the 
heterogeneity that exists within individual 
tumours using routine experimental 
techniques. This can be overcome by 
culturing individual cell lines from 
the tumour in vitro in order to assess 
characteristics such as cellular metabolism 
which will identify targets underlying the 
development of future therapies. The 
majority of such studies to date have 
been carried out using established cell 
lines, but their relative homogeneity and 
the potential for phenotypic change over 
time has identified particular limitations 
on the information that can be obtained. 
Therefore, an increasing number of 
studies are being carried out using cell 
lines derived from fresh surgical tumour 

sections. The individual cell lines will 
have distinct genetic and epigenetic 
profiles and therefore can recapitulate 
the heterogeneity of cells which exist 
within an individual tumour [8]. The 
detailed biochemical profile that can 
be established can be used, inter alia, to 
identify potential drug targets and to 
carry out initial in vitro pre-clinical drug 
testing. 

Ultimately an improvement on the 
accurate classification of tumour type will 
allow for a much better understanding 
of brain tumours. However, it will also 
provide challenges moving forwards as 
this is a rapidly developing field which 
is likely to evolve over time as our 
understanding of tumours increases. 
Changes in our understanding of tumour 
sub-types will assist in the identification 
of population based trends which 
underline epidemiological studies and the 
identification of potential risk factors for 
tumour initiation and development. It will 
also influence the design of clinical trials 
with implications for diagnosis including 
the development of specific biomarkers 
which will serve as a surrogate marker 
of drug efficacy. These should mirror the 
pathology and genetic constituents of 
brain tumours and will be pivotal for the 
identification of the next generation of 
therapy development.

NEURO-ONCOLOGY

1. Eskilsson E & Verhaak RG. Longitudinal genomic 
characterization of brain tumors for identification 
of therapeutic vulnerabilities. Neuro Oncol 
2015;18(8):1037-9. 

2. Louis DN, Perry A, Reifenberger G, et al. The 2016 
World Health Organization classification of tumors 
of the Central Nervous System: a summary. Acta 
Neuropathol 2016;131: 803-820.

3. Viswanath P, Chaumeil MM and Ronen SM. 
Molecular imaging of metabolic reprograming in 
mutant IDH cells. Front Oncol 2016;6:60. doi: 
10.3389/fonc.2016.00060

4. Mandel JJ, Cachia D, Liu D et al (2016). Impact 
of IDH1 mutation status on outcome in clinical 
trials for recurrent glioblastoma. J Neurooncol 
2016;129(1):147-54.

5. Louis DN, Perry A, Burger P, et al (2014). 
International Society of Neuropathology-
Haarlem consensus guidelines for nervous system 
tumor classification and grading. Brain Pathol 
2014;24:429–35. 

6. Lee G, Auffinger B, Guo D, et al. Dedifferentiation 
of glioma cells to glioma stem-like cells by therapeutic 
stress-induced HIF signaling in the recurrent GBM 
model. Mol Cancer Ther 2016;15:3064-76.

7. Mitchell C, Bulbeck H, Kurian KM, et al. BRAIN 
UK, the National Brain Tumour Bank Network three 
years on. Oncology News 2016;11(5):139.

8. An Q, Fillmore HL, Vouri M, et al. Brain tumor cell 
line authentication, an efficient alternative to capillary 
electrophoresis by using a microfluidics-based system. 
Neuro-oncology 2014;Jan;16(2):265-73.

REFERENCES


