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	Project Title:

	How would the refinement of urgent cancer referral criteria, by the inclusion of demographics, comorbidities and polygenic risk scores, affect numbers of patients eligible for referral and outcomes for those patients?

	Proposed supervisory team:                                      Names and areas of expertise to be included

	Richard Neal – Professor of Primary Care with expertise in early cancer diagnosis research and involvement in the DHSC Policy Research Unit (PRU) for Cancer Awareness, Screening and Early Diagnosis.
Willie Hamilton – Professor of Primary Care Diagnostics with expertise in early cancer diagnosis research and clinical lead for NICE guidance on urgent cancer referrals.
Gary Abel – Associate Professor of Statistics in the Primary Care research team with expertise in manipulation of large electronic healthcare records such as Clinical Practice Research Database (CPRD).
Sarah Price – Research Fellow in Primary Care with significant expertise in data handling and modelling using big data on electronic medical records  and links to the Policy Research Unit for Cancer Awareness, Screening and Early Diagnosis.
QMUL supervisor TBC

	Project description:

	Research Question
How would the refinement of urgent cancer referral criteria, by the inclusion of demographics, comorbidities and polygenic risk scores, affect numbers of patients eligible for referral and their outcomes?
Background
Improving the timeliness of cancer diagnosis is a priority for patients and the public and is a key component of the NHS Long Term Plan. The target is to increase the percentage of patients diagnosed at an early stage from half to three-quarters by 2028. A key route for diagnosis is through urgent referrals from primary to secondary care; by optimising this pathway it should be possible to increase the numbers of patients diagnosed at an early stage. Current urgent cancer referral criteria include only symptoms, signs and abnormal test results (“features” from now on) and limited demographics. Other information could be used to inform the need for referral, including widened demographic and clinical data, and genetic information in the form of polygenic risk scores (PRS). 
Aims and objectives
1. Develop a personalised risk score of undiagnosed cancer for patients presenting to their GP with features of colorectal, gastro-oesophageal or pancreatic cancers, using routine data including demographics, test results, and comorbidities.
2. Refine the above using cancer-specific PRS values.
3. Ascertain the optimal method for developing the risk scores in parts 1 and 2 by comparing machine learning methods and logistic regression.
4. Estimate the potential impact on patient outcomes of the personalised risk score for urgent cancer referrals with and without PRS at different referral thresholds.
Methods
This database study will develop an initial personalised risk scoring systems using anonymised patient data from Clinical Research Practice Datalink (CPRD) Aurum. The score will be validated in UK Biobank and then refined by adding known PRS to the genetic data for that cohort.
Logistic regression and machine learning techniques will be compared to ascertain which method leads to the most accurate risk score, whilst remaining realistic for implementation. A narrative review of the most suitable machine learning techniques will be undertaken initially and will inform the methods used. 
Impacts on patient outcomes of the new scoring system will be modelled compared to current guidance, using longitudinal patient data. Modelling will estimate the difference in numbers of patients eligible for referral and date of eligibility for referral at different thresholds of cancer risk. Existing models will be applied to estimate the difference in outcomes in terms of stage at diagnosis and mortality at 1 and 5 years.
Reporting will follow TRIPOD guidelines for developing multivariable prediction models and RECORD guidelines for studies using routine patient data from electronic health records. 
Anticipated impact and dissemination
This work has significant potential to influence policy; it provides critical evidence for the early detection and diagnosis of cancer roadmap, will be reported to the policy research unit on cancer awareness, screening and early diagnosis and could be of critical use in the next refinement of the national guidance on urgent cancer referrals. 

	Training and development provision by host:

	Formal training: A bespoke training plan will be developed following assessment of the needs of the candidate which may include external courses as needed. The University of Exeter has opportunities for formal training available through the doctoral college, SPCR and links with the other GW4 (Great West 4) institutions of Bath, Bristol and Cardiff.

	Informal training: The candidate will receive ongoing support and training in both personal and professional development from the supervisory team and the wider department of academic primary care at the University of Exeter. They will be embedded in a team with significant experience of data handling, storage, coding, analysis and interpretation and have the opportunity to benefit from this wealth of expertise.

	PPIE: There has been PPI involvement in the development of this proposal and the candidate would be expected to recruit and maintain a PPI panel for ongoing input into the project. The department has strong links with PPI at the Policy Research Unit in Cancer Awareness, Screening and Early Diagnosis and through the medical school’s own patient participation group. The candidate would be supported in developing the skills needed to achieve this.
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