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First, some background….



FDA regulates drugs
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DRUGS

Medical Devices
Radiation-Emitting Products

Vaccines, Blood & Biologics
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Food

Cosmetics 

Tobacco 
Products 

Source of images: fda website or fda flickr site 

Safe and Effective

Sentinel Initiative spans multiple centers…

and…



Over 170 statisticians across 8 divisions,
Expertise in regulatory statistics in all phases of drug 

development across many drug therapeutic areas

Center for Drug Evaluation and ResearchOffice of Biostatistics 
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Office of Biostatistics Regulatory Science Day, September 2014



Safety in (New) Drug Development 
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Marketing 
Application 
and Review 
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Safety 
Surveillance

Basic 
Research
Discovery
Preclinical

Randomized 
Clinical 
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Post-Market 
Assessments

Adapted from http://www.fda.gov/downloads/ForIndustry/UserFees/PrescriptionDrugUserFee/UCM207568.pdf
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Why Post-Market Assessment? Example, Dabigatran
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Approved on 10/2010 to reduce the risk of stroke in patients with atrial fibrillation 

Source: Pradaxa label, RE-LY Study

How will the 2-3 million people in US with atrial fibrillation fare on this drug?



Post-Market Safety Assessment Data Include…• Post-market randomized studies, observational studies and meta-analyses
• FDA adverse reporting system (FAERS)
• FDA led observational studies* – With Sentinel – With SafeRx/federal data partners (CMS, DoD, VA)
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*Section 905 of Food and Drug Administration Amendments Acts (09/2007)
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Sentinel and Mini-Sentinel
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Take Home Messages• Sentinel is an active surveillance system, one of many sources of safety data at FDA
• Mini-sentinel pilot implemented a structure  to query sentinel and demonstrated its use 
• Some methodological challenges lie ahead in post-market safety ( Big data/rare outcomes, stratification, sequential analyses) 
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Vision

• National safety activesurveillance system of drugs and medical products post-
marketing

• Results of safety 
queries are shared publically

and    Pilot• 48 million people currently accruing new data  - 358 million person-years of observation time of drugs and vaccines• Safety questions, protocols and results in mini-sentinel website
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Sentinel System, Distributed Database
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Safety Question:
Drug exposure(s) (test/comparator), outcome(s), 

and population of  interest

Statistical  Inference 
Question: Estimation, detect 
or rule out risk

Feasibility of  safety assessment?
Generalizability to population at risk?

Data: Electronic Healthcare Data
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See FDA Guidance*

*Best practices for conducting and reporting pharmacoepidemiologic safety studies using electronic healthcare datahttp://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm243537.pdf
Not Every Safety Question is Feasible in Sentinel



SCRI
Self-Controlled Risk Interval 

PSM
Propensity Score Matching

GEE
Generalized Estimating Equations

IPTW
Inverse Probability of Treatment 

Weighting Regression

Binomial maxSPRT
Maximized Sequential 

Probability Ratio Testing

CIDA
Cohort Identification and 

Descriptive Analysis

Combined functionality of Modular 
Programs and Analytic Tools developed 

in 4.10 Workgroup

Mini-Sentinel Modular Program, Available Tools

MP4 
Concomitant exposure 

characterization MP8 
Uptake, use, 

persistence of new 
molecular entitiesMP7

Frequency of codes 
before/after index 

date

Cohort Identification 
and Descriptive Analysis Tools

Analytic Adjustment Tools Sequential Analysis 
and Signaling Tools

Group Sequential 
GEE Signaling

Group Sequential
IPTW Signaling

Level 1 Request Level 2 Request Level 3 Request

Adapted from Tiffany Woodworth’s slide (August 2014)
Next, more methods? More diagnostics and sensitivity analyses? 
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Mini-sentinel, Distributed Database
• In each site– Control for confounding – Subgroup analyses • Across sites– Stratified analyses of 

pooled results• Data refresh quarterly
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Institute for Health
Source of logos: Rich Platt’s slide at mini-sentinel meeting in February 2015

heterogeneity across sites? in time? 



The Role of the Division of Biometrics 7
in FDA led Projects • Develop protocol and statistical analysis plans• [Conduct Analyses]• Review and interpret results• Participate in methodology working groups, e.g.– Sentinel Survival– Sentinel Prospective Monitoring Tools (PROMPT) Enhancement
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Sentinel Journey – Dabigatran Example
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Approval of 
Dabigatran
(10/2010)

Reports
Of bleeding 
(FAERS and 
literature)

Mini-sentinel
(level 1) 
investigation
(10/2012)

Drug Safety 
Communication 
(12/2011)  and change 
in labeling (01/2012)

Drug Safety 
Communication 
(11/2012) and NEJM 
publication  

Approval of 
Rivaroxaban
(11/2010)

Approval of 
Apixaban
(12/2012)
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Dabigatran Example (continued)
Safety Question• Population of interest: subjects with atrial fibrillation (2-3 millions Americans)• Exposure: Dabigatranversus Warfarin (anticoagulants)• Outcomes:– Stroke– Serious bleeding

Electronic Claims Data• Cohort: AF diagnosis and 
new filled prescription of dabigatran or warfarin, other inclusion/exclusion• Outcomes identified with ICD-9 codespositive predictive values > 80% for most outcomes 

19NISS Spring Affliates Meeting, March 15th 2015



Dabigatran Example (continued)Modular Program Level 1 (10/2012)
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Level 1: identifies cohorts of interest and, for some cohorts, can perform descriptive analyses

Source:  N Engl J Med 2013; 368:1272-1274



Regulatory Actions  
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“…large numbers of reported cases of 
bleeding with dabigatran is an example of 
stimulated reporting. The Mini-Sentinel 
assessment suggests that bleeding rates with 
dabigatran are not higher than those with 
warfarin, a finding that is consistent with 
the results of RE-LY” 
-April 2013

http://www.fda.gov/Drugs/DrugSafety/ucm326580.htm
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Sentinel Journey – Dabigatran Example (continued)
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CMS/SafeRx
Protocol based
Investigation
Final statistical 
Analysis plan  
(06/2013)

Drug Safety 
Communication based 
on CMS Study
(05/2014)

Mini-sentinel Rivaroxaban
Protocol Based Assessment 
(level 3- like) (03/2014)

Mini-sentinel
Protocol Based Assessment 
(level 2-like) (03/2014)
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Dabigatran ExampleProtocol Based Assessment (level 2 like query)
Protocol Adjusted Analysis• New user cohort study

• Propensity score matching by site to control for confounding
• Primary analysis is time to event using cox regression

stratified by site
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http://www.mini-sentinel.org/work_products/Assessments/Mini-Sentinel_Protocol-for-Assessment-of-Dabigatran.pdf
NISS Spring Affliates Meeting, March 15th 2015



Dabigatran ExampleCMS – SafeRx Protocol Based Assessment
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Published online October 2014
“In this study…Pradaxa was associated with 
a lower risk of clot-related strokes, bleeding 
in the brain, and death, than warfarin. The 
study also found an increased risk of major 
gastrointestinal bleeding with use of 
Pradaxa as compared to warfarin.” 
-May 2014
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Rivaroxaban ExampleProtocol Based Assessment (level 3 likequery)
Protocol

Adjusted, Sequential 
Analyses• New user cohort study
• Variable ratio propensity score matching by site to control for confounding • Sequential looks (5) with Pocock stopping boundary • Primary analysis is time to event using cox regression stratified by site
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http://www.mini-sentinel.org/work_products/Assessments/Mini-Sentinel_PROMPT_Rivaroxaban-Surveillance-Plan.pdf
NISS Spring Affliates Meeting, March 15th 2015



Sentinel – Some Regulatory Science Challenges• Regulatory response to a safety signal, considerations of– Statistical significance – Clinical relevance – Benefit-Risk– Speed of sharing results with public – confidence in results
26NISS Spring Affliates Meeting, March 15th 2015



Take Home Messages• Sentinel is an active surveillance system, one of many sources of safety data at FDA
• Mini-sentinel pilot implemented a structure  to query sentinel and demonstrated its use 
• Some methodological challenges lie ahead in post-market safety ( Big data/rare outcomes, stratification, sequential analyses) 
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WANT TO GET INVOLVED?
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IMEDS Methods

29

Source: Susan Gruber slide at sentinel meeting in February 2015
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To find out more…• Mini-sentinel website http://www.mini-sentinel.org/• Sentinel Initiative Public Workshop http://www.brookings.edu/events/2015/02/05-fda-sentinel-initiative-workshop• FDA/Sentinel initiative websitehttp://www.fda.gov/Safety/FDAsSentinelInitiative/ucm149341.htm
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http://onlinelibrary.wiley.com/doi/10.1002/pds.v21.S1/issuetoc

http://www.brookings.edu/events/2015/02/05-fda-sentinel-initiative-workshop
http://www.fda.gov/Safety/FDAsSentinelInitiative/ucm149341.htm


THANK YOU
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Back up
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Sentinel – Some Data Limitations• Include claims data, will include more electronic medical records and lab data• Ascertainment of exposure,  drug dispensed and gaps in exposure• Ascertainment of outcomes• Ascertainment of confounders• Safety outcomes are usually rare
33

http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm243537.pdf
Not Every Safety Question is Feasible in Sentinel
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Sentinel – Some Design and Analyses Challenges• Modeling rare outcomes
• Controlling and/or assessing  – Unmeasured confounding bias– Confounding by indication, channeling biases– Selection bias• Assessing time varying treatments and adherence
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Diagnostics and sensitivity analyses are important
NISS Spring Affliates Meeting, March 15th 2015



Sentinel – Some Design and Analyses Challenges (continued)• Working around limit on pooling data across sites– Control for confounders in each site– Subgroup analyses in each site– Simple stratified analyses across sites• Sequential testing
35

Assessing heterogeneity across sites and in time is important
NISS Spring Affliates Meeting, March 15th 2015



Sentinel – Some Regulatory Science Challenges• Regulatory response to a safety signal, considerations of– Statistical significance – Clinical relevance – Benefit-Risk– Confidence in results– Speed of sharing results
36NISS Spring Affliates Meeting, March 15th 2015



Safety Question:
Drug exposure(s) (test/comparator), outcome(s), 

and population of  interest

Statistical  Inference 
Question: Estimation, detect 
or rule out risk

Feasibility? 
Generalizability? 

Data: Electronic Healthcare Data

Safety Assessment

Pre-specified 
Statistical 
Analysis Plan 
(SAP)
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YES

Statistical Analyses
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Dabigratran, FAERS reports of Bleeding
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Source: Institute of Safe Medication Practice Reporting on FAERS data



Why Safety Question Post-Marketing?
• Biological plausibility of adverse event• Pre-clinical signal• Imbalance in clinical studies• Safety signal in published studies• Many adverse event reports 
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Safety concern due to higher risk than expected and/or  rare but serious risk 



Sentinel – Some Data Limitations• Includes mostly claims data• Ascertainment of exposure,  drug dispensed and gaps in exposure• Ascertainment of outcomes and  covariates• Control for confounding
• Safety outcomes are usually rare
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http://www.fda.gov/downloads/drugs/guidancecomplianceregulatoryinformation/guidances/ucm243537.pdf

Not Every Safety Question is Feasible in Sentinel
NISS Spring Affliates Meeting, March 15th 2015
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