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Agenda

▪ Sentinel 101

▪ Answering Safety Questions in Sentinel

▪ Selected Methods Projects

▪ Selected FDA-Catalyst Projects
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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
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Creation and Evolution of Sentinel

4
https://www.sentinelinitiative.org/background
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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

Sentinel Partner Organizations
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Data & scientific
partners

Scientific 
partners

https://www.sentinelinitiative.org/sentinel/data/data-partners
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Sentinel Distributed Database Characteristics
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https://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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Sentinel Common Data Model v 6.0

Administrative

Clinical InpatientRegistry
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https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model/sentinel-common-data-model
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Single Patient Example Data in Model
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Every Data Partner Transforms their Source Data 
into the Sentinel Common Data Model
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Quality Assurance Guidance Before Sentinel…

https://www.fda.gov/downloads/drugs/guidances/ucm243537.pdf 13
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Project-Specific v. System Data Curation

Project-Specific System

“As needed / as-you go” “Always Ready”

Ad hoc Repeatable, systematic

Variable amount of data cleaning 1200+ checks to pass each dataset

Burden on study team Burden on Quality Assurance team

Cost is included in the cost of a study Cost is front-loaded for studies that use system

Take-home message: “Making data fit for purpose” at scale entails cost 
and time trade-offs.

14



15

Adaptation of Guidance to a System Basis

https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model/sentinel-data-quality-assurance-practices
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Transparent and Reproducible Quality Assurance
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https://www.sentinelinitiative.org/sentinel/data/distributed-database-common-data-model/data-quality-review-and-characterization



17

Data Quality Review and Characterization Process

Send a standard 
program to check 
site’s new dataset 

in waiting 

QA Program

Compliance Checks 
Level 1: Completeness, validity, accuracy
Level 2: Cross-variable and cross-table 
integrity

Judgment Call Checks
Level 3: Trends: consistency
Level 4: Logical: plausibility, 
convergence

Documented
Communication

Data Partner Site

17

Administrative	

Clinical	 Inpatient	Registry	



18

Quality Review and Characterization Program Logic
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• Compliance checks for 
all tables are 
mandatory. 

• Quality Review and 
Characterization 
Program will abort after 
it runs through all 
compliance checks, 
producing an 
automatically created 
report on failures.
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Available Data in Common Data Model Format
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https://www.sentinelinitiative.org
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0.5
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2

Adding Data Sources from Across Canada
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Answering Questions in Sentinel 
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https://www.sentinelinitiative.org/sentinel/about
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https://www.sentinelinitiative.org/active-risk-identification-and-analysis-aria
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https://www.sentinelinitiative.org/
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Training Materials
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https://www.sentinelinitiative.org/communications/sentinel-initiative-events
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https://www.sentinelinitiative.org/active-risk-identification-and-analysis-aria
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26https://www.sentinelinitiative.org/drugs/how-aria-analyses-have-been-used-fda
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Recent Published Safety Studies

27



28

Recently Published Descriptive Work
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Methods Development: Summary Scores
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Methods Development: Privacy Preserving Regression
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Methods Development: Signal Detection

31



32

Methods Development in Sentinel: Machine Learning
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The Sentinel Initiative: Patient Interventions 
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https://www.sentinelinitiative.org/sentinel/about
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IMplementation of a randomized controlled trial to imProve treatment with oral 
AntiCoagulanTs in patients with Atrial Fibrillation

▪ Direct mailer to health plan members with AFib, high risk for stroke and no 
oral anticoagulant (OAC) treatment, and to their providers, to encourage 
consideration of OACs

Pragmatic Trial in Sentinel – IMPACT AFib

34
https://www.sentinelinitiative.org/FDA-catalyst/projects/implementation-randomized-controlled-trial-improve-treatment-oral-anticoagulants-patients

Patients with AFib, CHADS-VASc ≥2 
 

RANDOMIZE 

Early Patient-level and 
Provider-level intervention 

Usual Care and Delayed 
Provider intervention 
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39,230 Letters Mailed to Early Intervention Group
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https://www.sentinelinitiative.org/FDA-catalyst/projects/implementation-randomized-controlled-trial-improve-treatment-oral-anticoagulants-patients

PROVIDER LETTER MEMBER LETTER
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MyStudies App: Collecting Patient-reported Outcomes
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https://www.sentinelinitiative.org/FDA-catalyst/projects/collection-patient-provided-information-through-mobile-device-application-use-comparative

▪ Mobile App

– Standard frameworks - ResearchKit (iOS), ResearchStack
(Android)

– Gateway capability

▪ Web-based configuration portal

▪ Secure Storage Environment

– FISMA complaint

– Partitioned for distributed research

– Responses can be downloaded in broadly compatible 
formats (e.g., for use in SAS, Excel, etc.)

▪ Linked to the Sentinel Distributed Database
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Enroll and Consent Patients
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Engage

• Data collected directly from patients 
• Participants respond when they choose within the study schedule
• Study Dashboard displays progress as well as highlights from data collection
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Looking Ahead: New Infrastructure

39https://www.sentinelinitiative.org/sentinel/methods/data-infrastructure-expansion-developing-mother-infant-linkage-table-sentinel
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Looking Ahead: New Challenges/Methods 

▪ How to make best use of EHR data given the large degree of missingness?

– Especially when missingness is likely Missing-Not-At-Random

▪ How to incorporate cutting edge machine learning techniques in a distributed 
database environment with a high degree of heterogeneity among databases?

40



41

Discussion
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