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Programme of research work (the “Research Project”)

Project Aim
· Compare OE-MRI with DCE-MRI in head and neck tumours, with the hypothesis that differences between Gd uptake and O2 uptake may inform about endothelial permeability and metabolism. 

· Explore if breathing O2 modulates the DCE-MRI signal and if this can inform about the degree of vasoconstriction and hence the maturity of vessels.

· Develop protocol with interleaved T2* and T1 acquisition during OE-MRI 

· Apply the technique to a suitable patient group
Rationale: DCE-MRI of tumours using Gd based contrast agents gives information about perfusion, microvessel permeability and extracellular leakage space. OE-MRI of tumours should give information on tumour oxygenation and potentially blood flow. Work has been done assessing tumour oxygenation using T2* to assess for hypoxic regions which may be resistant to radiotherapy however little work has been done in examining the changes in T1 using OE-MRI in tumours. By comparing the information obtainable from DCE-MRI and OE-MRI measuring for changes in T1 and T2* we would hope to obtain information about endothelial perfusion and metabolism. The metabolic processes should be reflected by the combination of T1 and T2*, as T1 reflects the quantities of dissolved oxygen and T2* measurements will reflect changes in blood deoxygenation due to either a change in blood saturation or blood flow. By combining DCE-MRI and OE-MRI protocols we can observe if O2 breathing modulates the DCE-MRI signal and this may be used to inform on the degree of vaso-constriction and therefore give information on vascular tone. 

The choice of head and neck as the disease site is motivated by the need to ensure an adequate delivery of oxygen, i.e. shorter residence time in the vasculature other sites, and also the reduced need for motion correction. 
Background and Previous Literature
Many studies have demonstrated carbogen-induced increases in T2* in both rodent and human tumours (
,
,
,
). 

Oxygen enhanced imaging measuring T1 has been explored in various organ sites since Young et al (
) studied signal changes in the left ventricle of the heart. lung (
,
), kidneys and spleen (
). Tadamura et al (
) studied the effect in the myocardium, liver, spleen, skeletal muscle, subcutaneous fat, bone marrow, and arterial blood. 
DCE-MRI is a method for determining vascular functional parameters such as capillary permeability surface area product, blood volume, and blood flow. This is achieved via the application of a tracer kinetic model (
), and has been applied successfully in a number of phase I/II trials of anti-vascular agents (
, 
).
Proposed Work Plan
· Find clinician in contact with suitable patient group.
· Apply for ethics approval.
· Design study involving healthy volunteers focused on the parotid gland.
· Scan 3 volunteers for protocol development 

· Extend to approximately 10 volunteers to verify that there is an observable change in T1 in the parotid.
· Analyse outputs. If a measurable change in T1 then continue to patient study.

· Scan 3 patients with tumours and verify there is a change in T1 in tumours. 

· If results warrant continuation scan extend up to 10 patients
· Report in publications

Milestones
·  Find clinician, verify can recruit patients

· Analysis of initial volunteer results 
· Ethics approval
· Analysis of patient data.

Outputs (1) Information sought for AstraZeneca: 

Information on the comparison of T2* and T1 measurements in hyperoxia in tumours

Outputs (2) Publication opportunities: 

Journals (MRM, JMRI)

Conferences: ISMRM

Project Management

Payment Schedule

Use of University  Intellectual Property/third party Intellectual Property

Ethical/Home Office approvals and authorisations

Ethics approval required for patient study.
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