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Plan for Talk
• Motivation for initiating signal identification in Sentinel
• Approach to building a signal identification program in Sentinel
• Signal identification operational pilot
• Establishing a scientific community

Workshop goal: Obtain scientific input
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Institute of Medicine
4.2: The committee recommends that in order to facilitate the 
formulation and testing of drug safety hypotheses, CDER 

(a) Increase their intramural and extramural programs that access and 
study data from large automated healthcare databases and 
(b) include in these programs studies on drug utilization patterns and 
background incidence rates for adverse events of interest, and 
(c) develop and implement active surveillance of specific drugs and 
diseases as needed in a variety of settings.

https://www.nap.edu/catalog/11750/the-future-of-drug-safety-promoting-and-protecting-the-health

https://www.nap.edu/catalog/11750/the-future-of-drug-safety-promoting-and-protecting-the-health
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FDA Amendment Act 2007

FDAAA 2007

https://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf

https://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf
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FDA Amendment Act 2007

FDAAA 2007

https://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf

https://www.gpo.gov/fdsys/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf
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Early Goals Defined in the Mini-Sentinel Pilot

FDAAA

“The system being created under the auspices 
of the Sentinel Initiative (the Sentinel System) 
will help FDA identify and investigate 
postmarket safety signals, a concern about an 
excess of adverse events compared with what 
is expected to be associated with a product’s 
use, through the processes of signal 
generation, signal refinement, and signal 
evaluation.”

https://onlinelibrary.wiley.com/doi/epdf/10.1002/pds.2311

https://onlinelibrary.wiley.com/doi/epdf/10.1002/pds.2311
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Testing & Evaluation of Signal Identification

Evaluation with simulated data, 
creation of different methods, 
infrastructure for alert follow-up

Foundational Methods01 Tested on vaccines, antibiotics
Shorter Term Exposures02 Tested on statins, long acting 

reversible contraceptives, 
diabetes drugs

Longer Term Exposures03
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Public Training on Signal Identification

https://www.sentinelinitiative.org/communications/sentinel-initiative-events/sentinel-initiative-public-workshop-tenth-annual-day-2

https://www.treescan.org

https://www.sentinelinitiative.org/communications/sentinel-initiative-events/sentinel-initiative-public-workshop-tenth-annual-day-2
https://www.treescan.org/
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Discuss Challenges of Implementation

https://onlinelibrary.wiley.com/doi/full/10.1002/pds.4442

https://onlinelibrary.wiley.com/doi/full/10.1002/pds.4442
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Next Steps

https://www.sentinelinitiative.org/communications/sentinel-initiative-events/sentinel-initiative-public-workshop-tenth-annual-day-2

Next steps: conduct pilot of signal 
identification, learn in action, grow 
and enhance toolkit, and establish a 
best practices framework

https://www.sentinelinitiative.org/communications/sentinel-initiative-events/sentinel-initiative-public-workshop-tenth-annual-day-2
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Plan for Talk
• Motivation for initiating signal identification in Sentinel
• Approach to building a signal identification program in Sentinel
• Signal identification operational pilot
• Establishing a scientific community
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Signal Detection Approaches Available in Sentinel

Prospective sequential surveillance tool (Level 3)
Pre-Specified Panel of Select Outcomes

TreeScan
One Product, All Outcomes

No existing tool in Sentinel
All Products, All Outcomes

DrugScan
One Outcome, All Products
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No One Best Method: Need for Broad Toolkit

Self-Controlled
40%

Propensity Score
60%

All FDA Medical Product Centers

Self-Controlled Propensity Score

Inferential Analyses in 
Sentinel System, 2016-2018 Varieties of TreeScan

Tree-temporal

Propensity Score Matched

Self-controlled
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Foundation for Signal Identification
Data Quality Review and Characterization

https://www.sentinelinitiative.org/sentinel/data-quality-review-and-characterization

https://www.sentinelinitiative.org/sentinel/data-quality-review-and-characterization
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Plan for Talk
• Motivation for initiating signal identification in Sentinel
• Approach to building a signal identification program in Sentinel
• Signal identification operational pilot
• Establishing a scientific community
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Proposed Sentinel Signal Identification Process

2
3

55
4

Select 1 product

Conduct analysis

Review and classify statistical alerts

Integrate results with other sources of 
information

Signal identification led by Divisions 
of Pharmacovigilance and Sentinel 
Program Team 

Follow up investigations to be 
conducted by Divisions of 
Epidemiology

2
1

Choose study design(s) or tool

Clinical Trial Data Prescribing Information

Integrated Safety Summary

Identify Outcome for Further Evaluation (if any)
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Adapting Lessons Learned to a New Program 

Initiation

Timing

Process

Active Risk Identification and 
Analysis System (ARIA)

Sentinel Signal Identification 
Program

Communication

Serious safety concern

Determined by statistical power and study design 
considerations

Established roles, templates, processes across 
FDA divisions

Established templates, webpages to share 
ongoing analyses, results, regulatory outcomes

Use risk-based approach, need to determine if 
system is “fit for purpose” for drug of interest

Balance desire for timeliness with statistical 
power

Develop and pilot roles, templates, processes 
across FDA divisions. Build upon existing 
ARIA process

Build upon existing ARIA framework
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Plan for Talk
• Motivation for initiating signal identification in Sentinel
• Approach to building a signal identification program in Sentinel
• Signal identification operational pilot
• Establishing a scientific community
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New Investigators in Sentinel Projects

https://www.sentinelinitiative.org/sentinel/methods/evaluation-three-self-controlled-methods-signal-detection-treescan-sequence

https://www.sentinelinitiative.org/sentinel/methods/evaluation-three-self-controlled-methods-signal-detection-treescan-sequence
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Public Engagement Through Posting of Study 
Protocols for Comment

https://www.sentinelinitiative.org/sentinel/methods/development-and-evaluation-global-propensity-score-data-mining-tree-based-scan

https://www.sentinelinitiative.org/sentinel/methods/development-and-evaluation-global-propensity-score-data-mining-tree-based-scan
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Planned Future Projects

• Development of sequential TreeScan to enable multiple looks 
over time

• Evaluation of TreeScan for pregnancy outcomes
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Advancing the Sentinel System

https://healthpolicy.duke.edu/events/public-webinar-planned-next-steps-advance-sentinel-system
https://healthpolicy.duke.edu/events/improving-efficiency-outcome-validation-sentinel-system

• Explore opportunities to leverage advances in machine learning, natural language processing, artificial intelligence
• Expand the Sentinel Common Data Model
• Enhance existing data sources, particularly with electronic health records

https://healthpolicy.duke.edu/events/public-webinar-planned-next-steps-advance-sentinel-system
https://healthpolicy.duke.edu/events/improving-efficiency-outcome-validation-sentinel-system
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Summary
• Establishing a Sentinel signal identification program fulfills a 

congressional mandate and expands the utility of the system
• Sentinel signal identification program can build upon prior 

experience using the Sentinel System
– Will be integrated into existing regulatory processes

• Next steps include a pilot program, and establishing durable 
processes and best practices

• FDA will continue to engage the scientific community, expand its 
analytic toolkit, and disseminate lessons learned

• FDA is interested in obtaining input from this meeting
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Current Signal Management
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Current Signal Identification Practices
• Screening FAERS, published literature

– Review of individual reports/articles
– Disproportionality analyses

• Cumulative analyses
– Cumulative review of FAERS, literature, and Sponsor’s 

periodic safety reports
– Risk-based approach* to frequency and product 

selection

* https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/UCM567959.pdf

https://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Surveillance/UCM567959.pdf
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Current Signal Sources

• 57% of FDA Drug Safety 
Communications were 
informed by FAERS data 

• Most common evidence sources: 
‒ Spontaneous reports (52%)
‒ Clinical trials (16%)
‒ Pharmacokinetic studies (11%)
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FAERS as a Signal Source
• FAERS is a valuable source of safety information

– Good for detecting rare and acute events
– Captures all products and settings of use
– Can provide a patient perspective
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FAERS as a Signal Source
• FAERS has important limitations 

– Unknown denominator, underreporting, stimulated 
reporting, variable information quality, etc.

• Difficult to identify and evaluate signals 
associated with long latency, worsening disease, 
or high background rates

• Limitations preclude quantifying risks
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Sentinel as a Signal Source
• Leverages the following advantages:

– Exposure denominator
– Exposure/event capture not dependent on voluntary 

process
– Longitudinal data
– Ability to control for confounding variables
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Signal Identification Opportunities

• Surveillance activities currently 
reliant on passive data sources

• Active hypothesis-free signal 
identification in Sentinel can 
complement current surveillance 
tools
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Future Signal Identification Practices
• Sentinel signal identification output integrated 

into surveillance
– FDA to pilot Sentinel signal identification

• Continue other pharmacovigilance practices to 
identify new postmarket safety issues
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Goals
• Propose the use case for signal identification followed by signal 

refinement or evaluation (both in Sentinel)
• Clarify objectives of use case 
• Set the stage for panel discussion with concepts and terminology
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Signal Identification and Refinement/Evaluation
(In Sentinel)

Signal IdentificationApproval

Y1 Y2 Y3 Y4 Y5

Signal Refinement/Evaluation

Integrate Sentinel into FDA’s 
risk-based 
pharmacovigilance 

Depending on drug uptake, conduct signal 
identification in Sentinel

Y0

Follow-up signals in Sentinel
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Some Details
• Address case where Sentinel is used for both signal identification 

and signal refinement/evaluation
• Propose to use all or some of the same data for both signal 

identification and signal refinement/evaluation (Data Reuse)
– Maximizes use of available data

• Objective of refinement/evaluation: Strengthen evidence for or 
against signal by reducing bias and confounding
– Not seeking independent replication/reproduction
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Refinement/Evaluation
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Typical Biases 
Sources
• Difference in prognostic factors between comparator groups 

(confounding) 
• Errors in outcome ascertainment
Remedies
• Careful consideration of confounding and adjustment
• More specific outcome definition or chart review
• Narrower analysis population
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What Is the Concern With Data Reuse?

Worrisome, but not in scope
• Fabricating or misreporting 

research data
• Inappropriate research and 

statistical methods
• Failure to properly document and 

preserve research results
• Etc.

Concerns about data reuse
• Analyzing data in enough different 

ways to observe an association
• Selectively focusing on analyses 

that are statistically significant
• Not properly accounting for 

multiple statistical testing
• Variations of above
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What Is the Concern With Data Reuse?

Worrisome, but not in scope
• Fabricating or misreporting 

research data
• Problematic methods
• Failure to properly document and 

preserve research results

Concerns about data reuse
• Analyzing data in enough different 

ways to observe an association
• Selectively focusing on analyses 

that are statistically significant
• Not properly accounting for 

multiple statistical testing
• Variations of above

Remedies: 
1. Prespefication and transparency of analysis 

plan and results
2. Proper attention to statistical testing and 

errors
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Type 1 and 2 Errors
• Type 1 (false positive): Concluding there is a signal when there is 

not one
– Usually attempt to probabilistically bound at eg, α = 0.01 or 0.05  

• Type 2 (false negative): Concluding there is no signal when there 
is one
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Type 1 Error Consideration 

Refine/evaluate only outcomes in blue 
box

Outcomes that imply signal 
(known probability bound α)

No True Signal

All outcomes considered in 
signal identification 
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Bias Consideration

Bias remaining after focused signal 
refinement/evaluation

Bias remaining after signal identification 

Analysis with little or no 
control for biases 
(confounding and outcome 
ascertainment)

Bias
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End Result After
Signal Identification and Refinement/Evaluation

• Understanding of probability of false positives
• Reduction of biases and some understanding of residual biases
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Other Considerations
• Type 1 and 2 errors can be tuned to achieve sensitivity (finding 

true signals) and specificity (not finding false signals)
– May need to delay analyses until sufficient data are available

• Assessment signals after identification and 
refinement/evaluation will require clinical, epidemiological, and 
statistical review
– Biological plausibility
– Magnitude and uncertainty of findings
– Residual confounding
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Conclusion
• Signal identification and signal refinement/evaluation may use 

the same data source IF
– Goal is to reduce bias and not to provide replication
– There is control of Type 1 and 2 errors at both signal identification and 

signal refinement/evaluation stages
– Prespecification and transparency of plans and results are prescribed 
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Overview
• Drug Safety Transparency Initiatives 
• Transparency and Sentinel Signal Identification
• Signal Identification and Regulatory Processes
• Pilot Framework for Communicating Signal Identification Information
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Select FDA Transparency Initiatives 
• 1993: Launched MedWatch Program

– Facilitates reporting by providers; also informs providers about FDA regulatory actions.

• 2005: Launched Drug Watch webpage
– Posted significant emerging safety information FDA received about certain drugs (or classes of 

drugs) while the agency continues to actively evaluate the information.

• 2007: Replaced Drug Watch with Index to Drug-Specific Information webpage
– Includes drugs that have been the subject of a drug safety communication.

• 2008: Launched Potential Signals of Serious Risks/New Safety Information Identified 
from the FDA Adverse Event Reporting System (FAERS) webpage

– Section 921 of FDAAA requires quarterly posting on the FAERS website of potential signals of 
serious risks and new safety information. 
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Sentinel Transparency Initiatives

Analysis Tools 
and Use Counts

• SAS tools available online
• Synthetic public use dataset
• FDA use metrics

Study Design 
and Parameters

• Executable SAS programs that can 
run on other datasets formatted in 
Sentinel CDM

• Contains study design, 
parameters, algorithms

Study Results

• Full analytic results organized in 
tabular format

• Publication

Regulatory 
Outcomes

• Brief description of how Sentinel 
data contributed to a decision, 
regulatory outcome, or action

https://dev.sentinelsystem.org

https://dev.sentinelsystem.org/
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Sentinel Signal Identification 
Transparency Goals

• Communicate FDA efforts to proactively monitor the safety of 
newly approved medications in Sentinel

• Balance desire for transparency with preliminary nature of results 
from signal identification studies
– Represents possibility of new concern (not an actual new risk)
– Results alone don’t constitute actionable evidence for a patient or FDA

– Statistical alerts require further study and clinical correlation
– May later be refuted, refined, or strengthened upon further investigation
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Challenges to Transparency 

DESIRABLE ENDPOINTS
• Demonstrating proactive efforts of FDA 

signal identification studies
• Sharing valuable knowledge gained from 

Sentinel to patients, consumers, and 
industry

• Enabling a robust FDA signal identification 
program by addressing the need to 
carefully adjudicate data before 
dissemination

PITFALLS TO AVOID
• Sharing premature information that might 

lead to drug discontinuation or drug 
avoidance with consequent loss of drug’s 
beneficial effects

• Inadvertently contributing to patient 
anxiety with uncertain information

• Not distinguishing between actionable 
information and preliminary data in 
communications

• Alert fatigue
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Sentinel Signal Identification 
General Principles

• FDA goal to strengthen an already robust pharmacovigilance 
framework 
– Sentinel is a new analytic tool that will augment, not replace, existing systems  

• Signal identification activities will be integrated into existing regulatory 
processes, e.g.
– Sponsor communication will continue through existing processes, such as 21st

Century review, safety labeling changes, tracked safety issue notification
– Public risk communication will leverage existing Drug Safety Communication 

approaches
• Build on the existing transparency initiatives in Sentinel
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Signal Identification 
Builds on Existing 
Sentinel Transparency 
Initiatives 
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Information About the Tool

https://dev.sentinelsystem.org

SAS Code Hosted on GitHub Site

https://dev.sentinelsystem.org/
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Information About 
When FDA Uses Signal Identification

Signal identification

Signal Identification Will Be Added to Existing Sentinel Use Summaries Available Online
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Information About Results and Outcomes 
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Information About Results and Outcomes
(cont.) 
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Pilot Framework for Communicating 
Signal Identification Information  

Drug Name Outcome 
Assessed

ARIA 
Analysis

Regulatory Determination / Use Date Posted

Drug A Signal 
identification of 
multiple 
outcomes

TreeScan FDA will further investigate 
outcomes A and B in a Level 2 
analysis.
• Results

Date

Drug A • Outcome A
• Outcome B

Level 2 Outcome A was added to Warnings 
and Precautions. Following further 
investigation of outcome B, FDA 
decided that no action is needed at 
this time based on available 
information.
• Level 2 Results
• Revised Label

Date + 10 months
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Summary
• Sentinel is a new signal identification tool that will augment, not 

replace, existing systems  
• FDA goal 

– strengthen an already robust pharmacovigilance framework 
– integrate signal identification activities into existing regulatory processes

• Sentinel-specific processes
• General regulatory processes for all marketed drugs

– post results in a meaningful but not misleading manner
• FDA plans to pilot a framework for communicating signal 

identification information and evaluate the pilot
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