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Agenda

▪ Regulatory Background

▪ Sentinel Data

▪ Sentinel Tools and Methods
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Sentinel and the United States Food and Drug 
Administration’s (FDA) Mandate
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https://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf

“The Secretary may not require the responsible person 
to conduct a study under this paragraph, unless the 
Secretary makes a determination that the reports 
under subsection (k)(1) and the active postmarket risk 
identification and analysis system as available under 
subsection (k)(3) will not be sufficient to meet the 
purposes set forth in subparagraph (B).”

Section 905
Mandates creation of Sentinel

Section 901
New Food and Drug 
Administration Amendments Act 
(FDAAA) Postmarketing
Requirements (PMR) authority

Linked



4

Sentinel Design Requirements

▪ Electronic health data for >100M persons

– Include special populations (pregnant women, elderly)

– Ability to link to external sources, e.g., National Death Index

– Ability to access full text medical records

▪ Expertise in the way health care delivery and payment influence electronic 
healthcare data

▪ Rapid answers to many FDA safety questions

▪ Accuracy sufficient to support regulatory decision making

▪ Federal Information Security Management Act (FISMA)-compliant data 
security

▪ Ability to protect non-public information and to keep records on all data 
requests for public record-keeping
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Sentinel Distributed Database
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https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model
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Lead – HPHC Institute

Collaborating Organizations
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Data & Scientific
Partners

Scientific 
Partners

https://www.sentinelinitiative.org/collaborators
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Growth of the Sentinel Distributed Database

▪ 70 million members currently accruing new data
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http://www.sentinelinitiative.org/sentinel/data/snapshot-database-statistics
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Sentinel Common Data Model Guiding Principles

▪ Includes claims, electronic health record (EHR), and registry data and flexible 
enough to accommodate new data domains (e.g., free text).

– Typically, we do not include empty tables – we expand as needed when fit for purpose.

▪ Data are stored at most granular/raw level possible with minimal mapping.

– Distinct data types should be kept separate (e.g., prescriptions, dispensings)

– Construction of medical concepts (e.g., outcome algorithms) from these elemental data 
is a project-specific design choice.

– Sentinel stores these algorithms in a library for future use.

▪ Appropriate use and interpretation of local data requires the Data Partners’ 
local knowledge and data expertise.

– Not all tables are populated by all Data Partners➔site-specificity is allowed.

▪ Designed to meet FDA needs for analytic flexibility, transparency, and control.
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Available Data Elements
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https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model
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Single Patient Example Data in Model
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Data Quality Review and Characterization Process
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https://www.sentinelinitiative.org/sentinel/data-quality-review-and-characterization
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Data Quality Checks and Examples
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https://www.sentinelinitiative.org/sentinel/data-quality-review-and-characterization
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Active Risk Identification and Analysis (ARIA)

▪ Template computer programs with standardized questions

▪ Parameterized at program execution

▪ Pre-tested and quality-checked 

▪ Standard output
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https://www.sentinelinitiative.org/active-risk-identification-and-analysis-aria
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Cohort Identification and Descriptive Analysis (CIDA)
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https://dev.sentinelsystem.org/projects/SENTINEL/repos/sentinel-routine-querying-tool-documentation/browse
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Signal Identification Methods and Future Tools
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http://www.sentinelinitiative.org/sentinel/surveillance-tools/signal-identification-sentinel-system
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http://www.sentinelinitiative.org/sentinel/surveillance-tools/signal-identification-sentinel-system



18

Self-Controlled Designs
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https://www.sentinelinitiative.org/sites/default/files/Methods/Evaluation_of_Three_Self-Controlled_Methods_for_Signal_Detection_Protocol-v2.pdf
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Propensity-Score Matched Designs
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http://www.sentinelinitiative.org/sites/default/files/Methods/Development_and_Evaluation_Global_Propensity_Score_Data_Mining_with_Tree-Based_Scan_Statistics_Protocol.pdf
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Tree-Based Scan Statistics are Enabled by: 

• A signal detection / 
data-mining method

• Automatically adjusts for  
multiple hypothesis testing

• Scans electronic health data 
that are grouped into 
hierarchical tree structures

http://www.treescan.org
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Data Arranged in a Tree Structure
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Study Designs Compatible with TreeScan Analytics

TreeScan Analytics

Poisson Model Bernoulli Model Tree-Temporal Model

Unconditional Conditional Unconditional Conditional Unconditional Conditional
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Self-
Controlled
Design

X X X X

Propensity
Score or 
other Fixed 
Ratio Match 
Design 

X

Stratified 
Cohort 
Design

X X

Unconditional means the null hypothesis relies on an external input about the expected outcomes.
Conditional means the null hypothesis is determined by the characteristics of the incoming data set.



23

How has TreeScan been evaluated thus far?

▪ Advantages
– Artificially inject “excess risk” of variable 

specific sizes

– Allows quantitative assessment of method 
under “experimental conditions” where “truth 
is known”

▪ Limitations
– Simulated data has a range of realistic 

representations. Early simulations are quite 
artificial

▪ Advantages
– Empiric testing with real data

– Allows assessment of method under real life 
conditions

– Can be effective method to assess performance 
if test case is well characterized

▪ Limitations
– Can be challenging to interpret unexpected 

results

– Need additional information to investigate 
unexpected results

Simulated Datasets Empiric Assessments



24

Self-Controlled Designs
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Propensity Score Matched Designs
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Stratified Cohort Designs with Referent Cohort
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Strengths of TreeScan

1. Takes advantage of hierarchical nature of clinical concepts in the form of a 
tree structure. 

2. Investigator does not need to understand how particular outcomes are coded 
(i.e., can be indifferent to the granularity of the outcome data)

3. Formal control for multiple hypothesis testing (Overall Type 1 error)
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Limitations of TreeScan

1. All outcomes are treated identically across the tree (8000+) regardless of 
their time of onset, severity, etc. 

2. Complex outcomes (algorithms such as 2 codes within X days of each other) 
are not tested with TreeScan.

3. Individual study designs have limitations depending on the design chosen.
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Selected Findings from Pilot Work

▪ Most important decision is ultimately based on study design.

▪ Self-Controlled Methods

– Best when applied to stable patients (eg, contraceptives, vaccines)

– Moderate performance for statins; Better performance possible with more careful 
exclusion criteria for recently hospitalized / unstable  patients

– Poor performance for acutely ill, unstable patients

▪ Propensity-Score Adjustment Methods

– Best when obvious referent product to compare.

– Even partial degrees of adjustment provide large improvements in performance as 
compared to no adjustment.
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Expansion of TreeScan to a Sequential Framework
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http://www.sentinelinitiative.org/sentinel/methods/sequential-treescan-signal-identification-methods-development



31

General Resources
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http://www.sentinelinitiative.org/sentinel/signal-identification-sentinel-system/resources
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Programming Resources
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http://www.sentinelinitiative.org/sentinel/surveillance-tools/software-toolkits/treeextraction-documentation
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Discussion
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