
A sensor to improve the accuracy of stereotactic brain biopsies for the
diagnosis of brain tumours

 
Team
 
Agavi Stavropoulou  (Primary Contact)                
Department of Engineering, University of Cambridge, as2307@cam.ac.uk
 
Division of Neurosurgery
Department of Clinical Neurosciences, University of Cambridge, yw435@cam.ac.uk
 
Proposal
 
Brain cancer has a significant impact on society, disproportionate to its prevalence in
comparison to other more well-known cancers. It is also the deadliest. It is the leading cause
of life-years lost in men and second leading life years lost in women (1). The most common
primary brain cancer in humans’ glioblastoma (GBM) is also the most common primary brain
cancer and has an abysmal median survival of 15 months despite surgery and chemo-
radiation (2). Despite decades of research there has been no significant changes to this sad
statistic.
 
Histologically GBM is defined by the presence of anaplastic cells surrounded by necrotic
tissue with microvascular proliferation. This reflects the aggressive nature of the tumour.
Accurate diagnosis depends on achieving a representative biopsy of the tumour with both
necrotic and anaplastic tissue. Stereotactic biopsy may be desirable for patients with lesions
which may represent non-neoplastic lesions such as inflammatory, infectious or
demyelinating lesions. Other differentials for lesions which appear similar to GBM on MRI
imaging include lymphoma and brain abscess. Previous case series has shown that in 60% of
cases lower grade anaplastic glioma was upgraded to GBM when open surgical resection was
performed following stereotactic biopsy (3).
 
Diagnosing GBM requires samples of tissues to be taken either with an open craniotomy or
with closed stereotactic needle-based techniques. If the location of the tumour is a deep or
eloquent part of the brain stereotactic biopsy under image guidance is sometimes the only
surgical procedure that can be performed. A patient’s pre-operative MRI images is used to
guide the biopsy target. On T1-weighted imaging the centre of the lesion is dark and
presumed to be necrotic tissue with a ring of contrast-enhancement around this area termed
the contrast enhancing region (CER).
 
The major reason for its poor outcomes is tumour recurrence despite maximal safe surgery.
The tumour is diffusely infiltrative and even when the tumour is operable within an
anatomical safe area of the brain, complete removal is impossible. When recurrence occurs
usually with 6 - 7 months following surgery in 80 - 85% of cases it recurs within a 2-cm
margin of the original resection cavity, around the CER (4,5). The mechanisms underlying
tumour cell migration and invasion are incompletely understood.
 
It is known that there is significant spatial heterogeneity within the tumour, cells in the
tumour core and periphery share common genetic characteristics but also have significant
differences in their molecular profile and behaviour (6). These differences may be associated
with GBM cells at the resection margin having a more proliferative and invasive phenotype
then the cells at the core (7,8).
 
Our study aims to develop a novel biosensor which will be able to provide surgeons with
real-time feedback in the Operating Room of whether the tissue sample is necrotic or viable
tissue to better target samples for the purposes of tissue diagnosis and analysis of tumour
heterogeneity.
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For this purpose, we plan to conduct in-vitro experiments that will involve a low-cost gas
sensor incorporated in an Arduino, that will be used to measure oxygen concentration of
monolayers of GBM cells. Cell cultures of different percentages of alive vs dead cells will be
prepared and a standard calibration curve relating oxygen concentration to cell viability will
be constructed. The oxygen concentration will be then used to indirectly quantify the viability
of the GBM cells with the aid of an Arduino platform. The results will be displayed on a 4D
Systems Display.
The main component that we will need to complete the project is an oxygen sensor (Grove -
Gas Sensor (O2), 59$,  https://www.seeedstudio.com/grove-gas-sensoro2-p-1541.html ). We
are also planning to utilise the Arduino Platform for Physical Computing and the 4D Systems
Display Programmable Touchscreen from the Biomaker Starter Kit. Finally, one of our group
members, Agavi, is currently conducting experiments with GBM cells in the Biolab and has
access to the GBM cells, as well as, the equipment and chemicals needed for GBM cell
culture.
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