
 
 

 

 
  
  
 

 

PHD STUDENTSHIP PROJECT PROPOSAL: BRC PROJECTS 
PROJECT DETAILS 

Project Title: Developing whole body MRI methods for automated lesion tracking in 
metastatic melanoma as a tool for assessing heterogeneity and response to 
immunotherapy. 

Short Project Title:  Automated lesion tracking in malignant melanoma 

SUPERVISORY TEAM  

Primary Supervisor(s): Dr Christina Messiou 

Additional members of the supervisory team: Dr Matthew Blackledge 
Prof James Larkin 
Dr Samra Turajlic 
Prof Dow-Mu Koh 

Lead contact person for the project: Dr Christina Messiou 

DIVISIONAL AFFILIATION  

Primary Division:  Radiotherapy and Imaging 

Primary Team:  Functional Imaging Team 

PROJECT PROPOSAL 

BACKGROUND TO THE PROJECT 

Immunotherapy has changed the landscape of melanoma treatment1. Because of the mechanism of action, 
atypical response patterns including response after initial increase in tumour burden and response after 
appearance of new lesions have been described, the incidence of ‘pseudoprogression’ being up to 10 %2. 
Conventional response criteria such as RECIST 1.13 can lead to premature termination of treatment, which has 
prompted the evolution of new methods such as immune-related response criteria (irRC4), and response 
evaluation criteria in solid tumours for immunotherapy (iRECIST5).  A unifying feature of these criteria is the 
requirement for confirmation of progressive disease at least 4 weeks later. It has been shown that patients 
treated beyond RECIST progression but not progression by irRC had better survival than patients who experience 
progression by both criteria6. Moreover, analysis of some patients with pseudoprogression showed tumour 
response after progression was confirmed on 2 consecutive scans suggesting that immune-related response may 
occur later than currently appreciated7. Continuation of immunotherapy beyond progression can therefore be 
considered in carefully selected patients with clinical benefit and without severe toxicities. 

It is possible that lengthy follow up is required to elucidate whether a patient is benefitting from immunotherapy. 
This potentially deprives patients with true progression from a switch to alternative treatment in a timely manner. 
There are no early predictive imaging features of response to immunotherapy.  

Whole-body MRI (WB-MRI)8 acquires morphological and functional images. Compared with CT this offers 
increased sensitivity for disease detection at sites such as brain, connective tissues, bones, liver and peritoneum. 
In some tumour types treated with immunotherapy there are indications that changes in quantitative WB-MRI 



measurements correlate with treatment outcome.  In this project, the student will innovate new WB-MRI 
techniques, including diffusion-weighted imaging, to provide clinicians with the tools they need to track response 
in melanoma patients treated with immunotherapy.  

PROJECT AIMS  

 Optimise whole-body MRI protocols for use in patients with melanoma. 

 Investigate deep learning methods for semi-automated tumour tracking on sequential whole-body MRI. 

 Analyse ADC evolution in normal tissues following immunotherapy (i.e. bone marrow) and correlate with 
outcomes, toxicity and tissue/blood markers of immune related adverse events in a prospective study. 

 Analyse ADC evolution in sites of metastatic disease at early and routine assessment intervals and 
correlate with outcomes, cell-free tumour DNA and immunophenotyping of available specimens. 

 Develop infographics to demonstrate the direction of ADC changes in individual lesions to highlight inter 
and intralesional heterogeneity which may influence targeted therapies. 

RESEARCH PROPOSAL (max. 1000 words) Please provide information on the approaches to be used and the 
expected outcomes. 

Year 1 

 A whole-body MRI protocol for melanoma will be developed and optimised and added to the current 
portfolio of qMRI techniques for melanoma (diffusion-weighted, Dixon/IDEAL, and morphological 
imaging).  This will include research into acquisition methods for providing maps of uncertainty for each of 
the measurements, which will be used in later image-modelling problems.  Initial protocol developments 
will be done using phantom experiments, and then enhanced through volunteer studies at the RMH.  
These protocols will be developed for 1.5T systems. 
 

 Computational techniques for modelling of qMRI maps will be established. The quality of co-registration 
of qMRI methods will be measured, and post-processing methods for improving co-registration will be 
investigated. These methods will be built into a software framework, dedicated to the analysis of 
melanoma imaging data. 
 

 The prospective clinical study protocol and regulatory approvals will be completed in the final 6 months of 
the first year. An ongoing pilot study will be used to inform sample size although currently it is anticipated 
that the prospective study will recruit approximately 40 patients. Repeatability of WB-MRI imaging 
features will be performed in a subset of patients to help identify features for accurate response 
assessment. The whole body MRI study will run in parallel with the following existing and planned studies 
which offer potential for cross-validation: cell-free tumour DNA tracking (Melanoma TRACERx;CCR 3569); 
post-mortem tissue collection (PEACE;CCR 4263) and evaluation of tissue and blood changes linked to the 
development of immune related adverse events (EXACT in set-up). 

 

 The completed whole-body MRI protocol, initial computational techniques and clinical study protocol will 
form the basis for the student’s first year report. 

Year 2 

 The student will develop algorithms to automate tracking of sites of disease in metastatic melanoma 
identified on baseline scans using an existing cohort of scans from an ongoing pilot study. Changes in 
qMRI features in normal tissues and disease sites will be investigated using a process known as 
radiomics9. 
 

 Following the attendance of relevant courses, the student will begin investigation into deep-learning 
techniques for (i) automatic segmentation of anatomical regions from whole-body MRI, and (ii) detection 
of sites of metastatic disease. A dedicated graphical-processing unit (GPU), housed within the ICR high-



performance computer will be used for development of these methods, and algorithms will be trained 
and tested using expert defined regions-of-interest as a gold standard.  
 

 During the second year, the student will be expected to continue supporting the clinical melanoma 
imaging study, assisting in anonymization and archival of imaging studies, whilst working with the clinical 
unit to ensure collection of clinical endpoints. 

Year 3 

 The student will develop and validate infographic representations of disease distribution based on post-
treatment changes to the whole-body imaging phenotype derived from radiomic analysis.  The aim of the 
tools developed will be to help clinicians better interpret the complex changes occurring to imaging 
features following immunotherapy. 
 

 The clinical study will be expected to close to recruitment in the second half of year 3, and the student will 
be expected to begin analysis the results from the trial using their developed tools.  
 

 Leveraging the results from the clinical study, the student will publish their preliminary methodological 
development work in a peer-reviewed journal and also have attended at least one international 
conference by the end of year 3. 

Year 4 

 The student will process all imaging results from the clinical study to test the primary hypothesis: Early 
changes in global tumour ADC parameters separate responding from non-responding patients in 
metastatic melanoma. 
 

 Additional exploratory objectives include: (i) comparison of disease detection on whole body MRI 
compared with contrast enhanced CT (ii) comparison of ADC response assessments with RECIST 1.1, 
iRECIST and cell-free tumour DNA (iii) correlation of qMRI parameter changes in normal tissues with 
response, toxicity and tissue/blood changes. 
 

 Following final data analysis, the student will spend the remainder of their studentship drafting their final 
thesis, and publishing trial and methodological results in high-impact peer-reviewed articles.  It will also 
be desired for the student to have a working code repository that may be used in the clinic for these 
purposes in larger scale patient studies. 

EXPLAIN BRIEFLY HOW THIS PROJECT WILL PROVIDE A TRANSLATIONAL TRAINING EXPERIENCE FOR THE 
STUDENT 

The student will acquire basic skills in machine learning, radiomics and MR physics to develop clinical imaging 
protocols and analysis tools to address an area of significant unmet clinical need, namely assessing response to 
immunotherapy. The student will be expected to work in  “dry” laboratory and clinical environments engaging 
with leading basic scientists and clinicians. Principles of clinical study design will also be a core component of the 
studentship. The translational training experience will be supported by the breadth of the supervisory team who 
comprise radiologists, a computational scientist and medical oncologists. 
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CANDIDATE PROFILE 

Note: the ICR’s standard minimum entry requirement is a relevant undergraduate Honours degree (First or 2:1) 

Pre-requisite qualifications of applicants: 
e.g. BSc or equivalent in specific subject area(s) 

BSc or equivalent in specific subject area(s) 

Intended learning outcomes: 
 

- Deep learning for assistance of clinical decision making in 
radiology 

- MR-physics and its use in cancer imaging 
- Medical image processing techniques 
- Clinical trial design and applications in cancer 
 

 
 
 

 
 


