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Routine hospital datasets can inform clinical trial outcomes in prostate cancer: a pilot study in the STAMPEDE trial.

Background:
The use of routine patient data has the potential to enhance traditional clinical trial conduct. The Hospital Episode Statistics (HES) are routinely collected NHS data recording hospital visits. This study, embedded in STAMPEDE, the largest prostate cancer trial of its kind, aimed to build and validate a model using HES data to identify major trial outcomes, including: progressive disease events (PDEs) and skeletal-related events (SREs). However, HES data contains limited and sometimes erroneous data and therefore, replication of traditional trial outcomes are not directly possible. However, we propose major outcomes could be indirectly identified from routine patient data. The aim was to increase timeliness of analyses, save resources to be redistributed elsewhere, reduce costs and reduce patient and clinical staff burden.

Methods:
Analysis was undertaken in 3 stages. 1: Proof of concept via case series in 5 STAMPEDE patients. Details of hospital service interactions were extracted and triangulated from three datasets: STAMPEDE trial data, clinical records, and the routine data records. An algorithm was developed by creating metrics of prostate cancer activity over defined time periods to identify, based upon the clustering of episodes of interest, patient outcomes of interest to the trial. 2: Algorithm development using data from 44 STAMPEDE patients. Data from clinical records and STAMPEDE outcomes were used to develop HES outcomes capable of reproducing the usual trial surrogate endpoints: Failure-Free Survival (FFS), Progression-Free Survival (PFS), Metastastases-Free Survival (MFS) and SREs. Kaplan-Meier Survival curves were generated and Hazard Ratios calculated to approximately replicate the STAMPEDE results. During development, the algorithm was iteratively optimised to maximise sensitivity and specificity. 3: Algorithm validation using 94 STAMPEDE patients. For validation, the HES outcomes were compared to the STAMPEDE endpoints for 45 unseen patients. Events differing to STAMPEDE endpoints were subsequently validated by note review. Further survival analyses were undertaken in comparison to the STAMPEDE traditional endpoints and hazard ratios calculated.
Results:
Stage 1: Prostate cancer events coincided with clustering of HES Prostate cancer-related events. The HES model was able to confirm trial events including PDEs and SREs with suitable accuracy and found events missed in the trial data. Stage 2: 42/53 of the first two progression events were identified by the algorithm. We developed a routine data derived trial endpoint which appeared to be a good surrogate for MFS and PFS, identifying the majority (18/25). 
[bookmark: _GoBack]Stage 3: Testing revealed at least one of the STAMPEDE endpoints were identified using HES in 38/45 patient events. The HES derived Hazard Ratio comparing chemotherapy and non-chemotherapy interventions was comparable to traditional STAMPEDE surrogates PFS, FFS and MFS in both stage 2 (HES HR 0.45, 95% CI 0.21 - 0.97; MFS HR 0.46, 95% CI 0.18 – 1.16) and in the larger patient sample during stage 3 (HES HR 0.63, 95% CI 0.36 – 1.10; FFS HR 0.64, 95% CI 0.37 – 1.10) (most comparable HRs quoted).

Conclusions:
We developed a novel routine data model which allowed accurate extraction of key trial endpoints. Although the algorithm generated different estimates of disease activity, the impact of trial interventions was maintained, demonstrating that using routine data is feasible. We propose a new routine data activity-based surrogate for future use in oncology studies. Further evaluation in a broader dataset and other diseases is underway. 
