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PROJECT SUMMARY 

Project summary This is an exciting opportunity to join a translational MRI 
research group that is developing quantitative biomarkers to 
aid diagnosis and prognosis for a wide range of brain 
pathologies. 
 
In this neuroimaging project the aim is to develop better 
methods of predicting the future growth of glial brain tumours. 
Glial tumours are a major challenge to diagnose and treat 
due to their genetic variability and infiltrative growth patterns 
that are not accurately defined with routine clinical MRI. 
 
This project will investigate the infiltration of tumours into 
surrounding white matter using a new diffusion MRI technique 
– Quasi-Diffusion Imaging (QDI). QDI has been developed at 
St George’s to maximally utilise 3T MRI technology and 
heavily diffusion weighted scans, and has high sensitivity to 
detect pathological damage. QDI will be used to detect white 
matter tracts within and around the tumour, and develop a 
tractomic characterisation of damage and infiltration. Machine 
learning methods will be used to relate this complex data to 
the patient’s future outcome and develop prognostic 
biomarkers. 
 
You will join an MR research team of physicists, 
mathematicians and computer scientists who collaborate with 
neurosurgeons and neuroradiologists. 
 
You will have a physics and mathematics background, with 
computer skills and a strong desire to develop new 
technology into practical clinical tools, that aid the neuro-
onocological team provide better treatment for brain tumour 
patients. 

https://www.sgul.ac.uk/profiles/franklyn-howe#:~:text=Franklyn%20Howe%20is%20a%20Professor%20of%20Magnetic%20Resonance,multimodal%20MRI%20that%20aids%20diagnosis%20of%20brain%20tumours.
mailto:howefa@sgul.ac.uk
mailto:tbarrick@sgul.ac.uk
mailto:philip.benjamin@nhs.net
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Project key words Magnetic Resonance Imaging (MRI)  
brain tumour  
machine learning  
Quasi-Diffusion Imaging (QDI) 

MRC LID themes Translational and Implementation Research 

MRC Core Skills developed 
through this project 

Quantitative skills 
Interdisciplinary skills 

Skills we expect a student 
to develop/acquire whilst 
pursuing this project 

Understanding of the physics of MRI and development of 
programming skills in Matlab, Unix and specialist image 
processing software for brain tumour image analysis. 
Basic understanding of brain tumour biology, radiological and 
pathological diagnostic methods, treatments and patient 
outcomes. 
An understanding of pattern recognition and image 
processing methods and their application to neuroimaging 
data. 
Application of statistical methods to evaluate novel MRI data 
classification algorithms and how to develop image-
processing pipelines for MRI data. 
How to interact effectively within a multi-disciplinary team of 
clinical, biomedical and computer science experts. 
Understand and comply with ethical and information 
governance regulations of patient data. 
Develop skills to effectively present complex image analysis 
methodology to general scientific and clinical audiences and 
presentation of results and preparation of papers for expert 
peer review. 
 

Is this project available for 
students applying for the 
1+4 route? 
And possible Master’s 
options identified by 
supervisory team 

Route 1+4 = No       
+4 = Yes 

Suitable 
Master’s 
programmes 
 

Not applicable 

Particular prior educational 
requirements for a student 
undertaking this project 

Minimum 2:1 honours BSc in a scientific discipline with a 
strong physics and mathematics components: physics, 
mathematics, engineering, computer science etc. Ideally with 
an MSc or other research/industry experience that 
incorporated medical imaging or machine learning as 
appropriate for the project. 
 

PROJECT IN MORE DETAIL 

Scientific description of this 
research project 

Project Objectives 

Quasi-Diffusion Imaging is a novel MRI technique developed 
and patented at St George’s with diagnostic potential for brain 
tumours (1). It can be acquired much faster than many 
advanced research diffusion MRI methods, hence has greater 
clinical translatability. We will use QDI to investigate tissue 
characteristics of peri-tumoral oedema in gliomas to develop 
its capability for predicting patient outcome. 

Gliomas are infiltrative brain tumours and are considered the 
most challenging of solid tumours in terms of patient 
management and treatment. Tumour infiltration 
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characteristics are important in terms of optimal surgical 
debulking, defining residual tumour for radiotherapy and the 
likelihood of post-treatment re-growth. 

Standard diffusion imaging can map peri-tumoral white matter 
(WM) pathways to aid surgical planning and prognosis, but 
oedema limits accuracy (2). Our QDI model allows stronger 
diffusion weighting, and better definition of tract directions 
and damage analysis of WM pathways. Our key aims are: 

1. To investigate the peritumoral white matter with QDI 
and develop new metrics for input to machine learning 
algorithms 

2. Relate QDI parameters to patient outcomes of, 
progression in low-grade gliomas, and overall survival 
in high-grade gliomas, for prognostic biomarkers 

 

Techniques to be used 

QDI with 2.5mm isotropic spatial resolution is being acquired 
from patients with glial brain tumours in addition to routine 
clinical MRI in our DiProG project. QDI will provide optimised 
directional diffusion coefficients to enable WM fibres to be 
tracked through peri-tumoural oedema and to other brain 
structures using standard fibre tracking methods (2,3). The 
alpha coefficient of QDI and its anisotropy provide a measure 
of tissue complexity/degradation, and we have shown that 
QDI provides other novel measures such as cellular 
dimensions (4). Multi-parametric QDI data of WM tracts within 
and beyond the clinically defined oedema will be analysed to 
parameterise: 

1. Track density, compression, integrity, cell size 

2. Connectivity to other brain regions 

QDI parameters derived from such an analysis will be used 
with machine learning approaches (5) to develop biomarkers 
of local and global effects of brain tumour growth that can be 
related to patient outcomes. 

 

Confirmed availability of databases 

The DiProG study at SGUL is acquiring QDI and 1H MRS 
data in additional to routine clinical MRI from glial brain 
tumours to develop diagnostic markers of tumour grade, 
genotype and patient outcome (progression in grade or 
overall survival) using a radiomics approach. The QDI data 
will be available for this new PhD project on tractomics. 
Clinical advanced MRI data using QDI will also be made 
available for research, although this has lower spatial 
resolution it can be acquired very quickly, and will be a useful 
additional set of data for analysis and potential translational 
opportunities. 

 

Potential risks and mitigation 

Gliomas are heterogeneous tumours hence require large 
enough datasets for representative sampling across low and 
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high-grade tumours and genetic subtypes. Within DiProG we 
anticipate 170 tumours to be accrued and available to the 
student before the end of their 2nd year. A worse case 
recruitment rate of only 100 patients would still enable 
biomarker development, but with less stringent testing, such 
as a leave-one-out rather than separate train and test 
datasets. Current clinical QDI data from glial and other brain 
tumours is available for additional analysis. 
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Further reading 
(Relevant preprints and/or 
open access articles) 

https://doi.org/10.1016/j.neuroimage.2020.116606 
 

https://doi.org/10.1371/journal.pone.0225323 
 

Additional information from 
the supervisory team 

The supervisory team has provided a recording for 
prospective applicants who are interested in their project. 
This recording should be watched before any discussions 
begin with the supervisory team. To access the recording 
please see MRC LID Project – Howe & Barrick & Benjamin. 
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