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Abstract
An example application of empirical calibration of p-values intervals for observational studies and evaluating the performance of multiple pharmacoepidemiological designs, this project serves as an introduction to the OMOP common data model and open-source OHDSI tools at VCU, first time users of this process of detecting treatment effects in an observational setting. The example study will consider the risk of cancer (colorectal, esophageal and breast) for users of oral bisphosphonates in an emulated population of Richmond, Virginia generated from Synthea, a software for generating synthetic EHR data. Concurrently, it is of interest to test the plausibility of using a synthetic generator to test and develop statistical methods in observational research. Our goal was to design a learning platform process to demonstrate to VCU before the end of the year.
Introduction
Increased popularity in analyzing electronic medical records has increased the role of observational studies in aiding medical decision-making and understanding treatment effects, particularly in terms of drug safety. However, observational studies are hindered by intrinsic systematic bias making it unclear whether an observed treatment effect is a true positive or a spurious result. Additionally, many observational studies of the same clinical question, using the same data, generate conflicting evidence. The process of conducting observational studies using empirical calibration of p-values and confidence intervals (Schuemie et al. 2014, 2018) and comparing performance of multiple methods in identifying treatment risks (Ryan et al. 2013) provides an avenue for more appropriate inferential claims. Acknowledging for intrinsic bias of observational studies, the p-value calibration method derives an empirical null distribution using negative controls with known “no association.” Following this calibration, the researcher is assessing the risk ratio in a revised null space that accounts for systematic bias. Similarly, in terms of confidence intervals, effect estimates are calibrated using positive controls, pairings with “known association” to find coverage of the “true” effect estimate. 
In our study we plan to use the case-control and self-controlled case series designs to evaluate the risk of cancers (i.e. colorectal, esophageal and breast) on users of oral bisphosphonates. Two previous studies on cancer risk in oral bisphosphonates were conducted on the UK CPRD dataset, one using a new-user cohort and the other using a case-control design (Green et al. 2010; Cardwell et al. 2010). These studies had conflicting results, which begs the question, which observational study should be believed? While this is an older study to replicate, our purpose in this study is to introduce the OHDSI process of conducting analytics on electronic medical records to new researchers at VCU, by providing an application of empirical calibration. 
Access to EHR data is difficult, considering cost, ownership and privacy concerns. This causes a “barrier of entry” issue for new-users and researchers who wish to test and understand using the OMOP CDM and OHDSI tools. Synthea is an open-source tool that generates synthetic EHR by probabilistically assigning disease frequencies and outcomes based on supplied epidemiological information (Walonoski et al. 2017). The final goal of this project is to determine if using an emulated medical population of Richmond, Virginia, using Synthea, provides a sufficient “proving ground” to test and develop statistical methods for observational research. The project will serve as a starting point for applying statistical methods for improving observational research generation and to garner ideas for development of novel research methods in future projects. 
Analysis 
[bookmark: _GoBack]This analysis first generates synthetic data of 1.3 million persons in Richmond, Virginia using the Synthea tool. Modules representing breast, colorectal and esophageal cancer are created using real epidemiological data to probabilistically assign synthetic patients to different disease/non-disease states. Verifying that the data is synthetically representative, we will run a a case-control and a self-controlled case series design for cancer risk among oral bisphosphonate users. Before performing the analysis, we also use the Common Evidence Model to identify 68 negative controls in order to calibrate the risk estimates calculated in each design. Using the two epidemiological designs we assess cancer risk in oral bisphosphonate users, we assess the performance of each design and visualize the effect estimates after empirical calibration. 
Conclusions
We evaluate the possibility of conducting and developing methods for observational studies using synthetic datasets generated from Synthea. The application of OHDSI analytics introduces VCU to a systematic approach to observational research that is reproducible and empirically evaluated for identification of treatment effects. 
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