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sezmine? Background

el U.5. FOOD & DRUG
ADMINISTRATION

 The U.S. Food and Drug Administration (FDA) ensures the safety,
efficacy, and security of regulated medical products.

* An efficient national drug safety surveillance system is needed to
support this mission.
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The Sentinel System

e ) About Studies Methods, Data, & Tools News & Events Feature d Engage with Sentinel SEARCH o

FDA's Sentinel System:

Using real-world data to
study medical product safety

Who Is Involved

and generate real-world
evidence

How Sentinel Gets Its Data

Key Database Statistics

What's Happening with Sentinel About Sentinel Engage with Sentinel Data-Driven Impact The Sentinel Community Sentinel Structure ,I\

One of FDA’s post-market medical product safety
surveillance systems for assessing the use and safety of
regulated medical products.
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Objective

To describe the Sentinel

System, its goals, @/‘
implementation timeline of

milestones, key components,
and achievements since
Inception.



Methodology

We describe the FDA

Y oR
. >
Sentinel System and report Q{)

onh major achievements



RESULTS
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The Sentinel System

 FDA’s medical product active safety surveillance system

Created in response to a U.S. Congressional mandate
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The Sentinel System Timeline

2007

Congress passes
Food and Drug
Administration

Amendments
Act (FDAAA)

FDA launches
Sentinel
Initiative

2008

History of the Sentinel Initiative

104

2009

FDA launches
Mini-Sentinel
Pilot Program

Mini-Sentinel
distributed
database
reaches 100
million lives
mark mandated
by FDAAA

2011

2012

Mini-Sentinel
has suite of
reusable
programming
tools for routine
queries

https://www.sentinelinitiative.org/about

FDA launches
Sentinel System
run by the
Sentinel
Operations
Center

2016

2019

FDA establishes
a new Sentinel
Innovation
Center and
Community
Building &
Outreach Center


https://www.sentinelinitiative.org/about

Sentine The Sentinel System

Key components

Electronic healthcare data

Common data model

Distributed network of Data Partners

Pre-defined, parameterized, reusable routine querying tools

Sophisticated quality assurance process
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Sentinel The Sentinel System

Key components

Electronic healthcare data

11
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Electronic Healthcare Data

* Sentinel relies on data generated from patient
interactions with the U.S. healthcare system
through health insurers and providers

* Principal source of data used in Sentinel is
healthcare administrative claims data

* Additional types of healthcare data that
complement the claims data in Sentinel include:

— Electronic Health Records (EHRs), immunization
registries, disease registries, birth and death registries

12



Sentinel The Sentinel System

Key components

Common Data Model

13
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Patient ID

Enrollment Start
& End Dates
Medical
Coverage

Drug Coverage

Medical Record
Availability

Patient ID

Birth Date

Sex

Postal Code

Race

Etc.

Patient ID

Provider ID

Dispensing Date

Rx

Rx Code Type

Days Supply

Amount
Dispensed

Encounter ID &

Service Date(s)

Patient ID

Type

Facility ID

Etc.

Principal Discharge

Patient ID

Encounter ID &
Type

Provider ID
Service Date(s)

Diagnosis Code
& Type

Sentinel Common Data Model

Patient ID

Encounter ID &
Type

Provider ID

Service Date(s)

Procedure Code
& Type

Etc.

Diagnosis

gistry Data Inpatient Data

Inpatient Inpatient
Pharmacy Transfusion

Patient ID Patient ID Patient ID Patient ID Patient ID
Death Date Cause of Death Vaccination Date Encounter ID Encounter ID
- Rx Administration Transfusion
Date Imputed Flag Source Admission Date Date & Time Administration 1D
s, Confid Vaccine Code & National Drug Code Administration Start
ource onfidence Type NDC) &End Date & Time
. Transfusion Product
Confidence Etc. Provider Rx 1D Code
Etc. Etc. Route Blood Type
Dose Etc.
Etc.

Patient ID
Encounter ID
Provider ID
Order Date
Rx

Days Supply
Rx Route of
Delivery

Etc.

Patient ID
Result & Specimen
Collection Dates

Test Type, Immediacy &
Location

Logical Observation
Identifiers Names
and Codes (LOINC®)

Etc.

ntinel Common Data Model

Mother-Infant Auxiliary Data Feature
Linkage Data L Engineering Data

Mother-Infant = 5 Feature
F Provider
Mother ID Facility ID Provider ID Patient ID |
Provider Specialty &

Mother Birth Date

Facility Location

Specialty Code Type

Encounter ID

Encounter ID & Type

Mother Admission &
Discharge Date

Child ID

Childbirth Date

Mother-Infant Match
Method

Etc.

Patient ID

Measurement Date
& Time

Height & Weight

Diastolic & Systolic
BP

Tobacco Use & Type

Etc.

Patient-Repol Measures (PRM) Data
PRM Survey PRM Survey
Response

*The State Vaccine table has not been in use since SCDM v6.0.

Measure ID | Patient ID
Survey ID Encounter ID
Question ID Measure ID
Etc. Survey ID
Questicn ID
Response Text

Etc.

https://www.sentinelinitiative.org/methods-data-tools/sentinel-common-data-model

Feature ID

Feature

FE Code Type

Etc
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https://www.sentinelinitiative.org/methods-data-tools/sentinel-common-data-model

Sentinel The Sentinel System

Key components

Distributed network of Data Partners

15
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Sentinel’s Distributed Database

Data Partners maintain
physical and operational
control over their data

Data Partners execute
standardized queries
against their own data and
return aggregated results
to the Sentinel Operations
Center

Preserves patient privacy
and institutional
proprietary interests

Data Partners (DPs) hold data
in Common Data Model Format

Enrollment

Demographic

Dispensing

Procedure

Laboratory Tests

Vital Signs

Encoun ter
Diagnosis

Prescribing

®

= Secure Data Transfer

U.S. Food and Drug Administration (FDA)

A

Aggregated Results

Study Design

Sentinel Operations Center (SOC)

Query Results Reviewed and
Returned to SOC after all
Direct Identifiers are Removed

Queries Distributed to each
applicable Data Partner (DP)

| |

DP1 DP 2 DR DP 4 DRI5 DP “N”

https://www.sentinelinitiative.org/about/how-sentinel-gets-its-data
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Sentinel The Sentinel System

Key components

Pre-defined, parameterized, reusable routine querying tools

17
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Routine Querying Tools

What are you investigating? @ Signal Identification @ Level 1 Analysis @ Level 2 Analysis @ Level 3 Analysis

Utilization of
Individual Drugs

v

Medical Product
Utilization

Medical Product Use

e - Overlap
Medical How is the drug being UHlization Pat:terns
utilized? —| Between Multiple
Products Only ! Drugs
Medical Product
Switching
Htilizition i Medical Product Use
Pregnancy p
in Pregnancy
Outcomes Only
Background Rates
Type2or4 e @ @ Type2or4 Type 2 @ Type 2 @

Medical Products

& Outcomes Incidence Rates Propensity Score Covariate Self-Controlled Risk

GG T Multiple Events Tool

Series

Analysis Stratification Interval Design

https://www.sentinelinitiative.org/methods-data-tools/routine-querying-tools.
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Sentinel The Sentinel System

Key components

Sophisticated quality assurance process

19



Data Quality Assurance Process

Sentinel Data Quality Review and Characterization Process

Preparation

Sentinel Operations Center
prepares quality review and
characterization package for
new dataset

Transformation

Data Partner transforms
source data into the Sentinel
Common Data Model

Distribution

Sentinel Operations Center
distributes quality review
and characterization
package for new dataset

Data quality review and
characterization process may
refresh quarterly, semi-
annually, or annually,
depending on the data partner

Approval

Sentinel Operations Center
Quality Assurance Manager
approves dataset for use in
queries

Completion

Data Partner investigates
issues identified in report
generated by the Sentinel
Operations Center and
resolves remaining flags

> 900 different
checks

Average: 44 flags

> 500 different
checks

Average: 10 flags

Quality Assurance Checks
& Model Compliance

Data Partner runs quality review and
characterization package completing the
following:

-Level 1 checks: single table checks
-Level 2 checks: cross-table checks

Quality reviews and characterization
package outputs lists of errors or
anomalies (flags) identified during data
checks

Data Partner resolves these flags and

sends a detailed response to the Sentinel
Operations Center

Quality Assurance Review

Sentinel Operations Center receives
output from Data Partner and reviews

Sentinel Operations Center runs
additional quality assurance checks:

-Level 3 checks: cross-time checks
Sentinel Operations Center evaluates

any additional flags and creates issue
report for Data Partner to address

https://www.sentinelinitiative.org/about/how-sentinel-gets-its-data

20


https://www.sentinelinitiative.org/about/how-sentinel-gets-its-data

Setined Sentinel’s Strategic Plan
2019-2023

e Maintain and enhance the Sentinel

System’s foundation, preserving FDA’s FDA
long-term investment in Sentinel’s Sentinel System
analysis tools and data infrastructure S i

* Diversify data sources, especially
EHRs and claims linked to EHR

* Selectively incorporate advanced
analytics

* Broaden touch points for participating
in Sentinel’s development

e Establish a Sentinel scientific
community and disseminate
knowledge to improve public health y

https://www.fda.gov/media/120333/download



https://www.fda.gov/media/120333/download
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Sentinel’s Three Centers

* |n 2019, FDA established
three distinct Sentinel

centers 5
» Sentinel Operations Center (SOC) ot H
> Innovation Center (IC) . T,

Center (SOC)

» Community Building and Outreach
Center (CBOC)

Sentinel Community
Building and Outreach

Center (CBOC)

22
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Sentinel Operations Center (SOC)

Lead: Harvard Pilgrim Health Care Institute

— Includes >40 collaborating entities, Data Partners, scientific/methods expertise

Roles

*  ARIA system
— Maintain data partner network, Common Data Model, analysis tools
— Conduct analyses to evaluate the safety and effectiveness of medical products
— Post analytic packages, results, Regulatory Outcomes

*  Core infrastructure development
— Integrate new data sources into the query-ready distributed database
— Create new analytic tools capable of operating in a distributed environment

Sentinel Operations Center Executive Committee

Methods and Special Data Partners

Scientific Partners

23
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e Sentinel Operations Center (SOC)

* The SOC maintains the SDD with 13 data partners contributing electronic
health data from all U.S. geographic regions to the SDD.

By 2023, the SDD had accrued 463.3 million unique patient identifiers.

Growth of the Sentinel Distributed Database

600,000,000
FDA launched the
550,000,000 fully operational
ZE NG Multi-State Medicaid
500,000,000 February 2016 data added in
With its first entry of data, : October 2022
. . Medicare-Fee-for-
450,000,000 Mini-Sentinel surpassed 25 Service data
million unique patient =
identifiers before the July 2010 ;‘;‘:;d ) LRIy
400,000,000 deadline
£ 350,000,000
g Mini-Sentinel reached 100
g 300,000,000 million unique patient
‘E’ identifiers before the July
F] 2012 deadline
& 250,000,000
H
g
[
2 200,000,000
150,000,000
100,000,000
50,000,000
0
2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023

Year the Data is Available for Analysis

Note: If patients move between health plans, they may have more than one patient identifier

24
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Innovation Center (IC)

Lead: Harvard Pilgrim Health Care Institute

Includes >50 collaborating entities

Innovation Cores:

1. Data Infrastructure

2. Feature Engineering
3. Causal Inference

4. Detection Analytics
Roles:

Engage with academia and technology industry to develop innovative methods to further advance Sentinel, with
a focus on early phases of methods development

Develop methods to use EHR data, signal detection, causal inference approaches, and advanced analytics

Develop a linked claims-EHR data network

Innovation Cores

Data Infrastructure Feature Engineering
Innovation Partners

Causal Inference Detection Analytics

National Network of Innovation Experts

25
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Innovation Center (IC)

* The IC has over 20 cutting-edge projects completed or in
progress within these four key priority areas

Innovation Center Cores

I Y4 E®

Data Infrastructure Feature Engineering Causal Inference Detection Analytics
+ Data partners * Natural language processing + Target trial design * Methodological framework
+ Dataelements + Automated feature extraction + Advanced, semi-automated + Statistical methods
* Governance *  Computable phenotyping analytics « Cancer outcomes
* Harmonization * Subset calibration * Pregnancy and birth outcomes
* Data Quality Assurance * Distributed methods

* Two Use Case projects are being implemented to demonstrate how the
EHR-claims network will enhance Sentinel’s data capabilities

26
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FOUA

Community Building and Outreach Center
(CBOC)

Lead: Deloitte Consulting

Roles

*  Transform Sentinel into a vigorous scientific community

Maintain the Sentinel website and develop novel public portals to enhance usability, search, information
management, and community engagement around Sentinel projects, tools, and results

* Increase adoption and use of the Sentinel CDM and tools through external training, direct support, and
stakeholder engagement

CBOC Executive Leadership Team Subject Matter Advisors

Operations Website Development

27



Tl Community Building and Outreach Center
(CBOC)

* Formed a multi-stakeholder workgroup comprising
o U.S. health agencies

Patient advocacy organizations

Informatics community

Industry

International regulatory agencies

o Academia

o Additional groups

e Hosted two webinars with a total of 139 attendees

e Attained a wide reach via the Sentinel website and
newsletters.

O
O
O
O

28
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Sentinel System Overall

Approximately 112.9 million
members are currently accruing
new data in Sentinel

Key Database Statistics °

Since 2016, more than 65

Safety concerns evaluated Sentinel drug studies have
contributed to FDA regulatory
from 2016-2023 =170 actions or discussion

Drug Studies °

Since the founding of the
Sentinel Initiative in 2009, 234
scientific papers have been
published

Scientific Publications °

* 15 Annual Sentinel Initiative Public Workshops (through a cooperative agreement with the
Duke-Margolis Center for Health Policy) - with a wide reach of 1000+ participants.

* Sentinel Views, a web-based data visualization application, developed in 2022 to increase
access to study results from the Sentinel System

29
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Recent Sentinel Enhancements

 Expanded access to novel data sources

— EHRs, patient health trackers, disease registries linked with patient
reported outcomes and healthcare utilization

— Via the SOC’s Data Partner network and the IC’s innovation partners

 Enhanced analytic tools

— Example topic areas: natural language processing, data model
interoperability, machine learning, artificial intelligence, distributed data
methods, advanced epidemiologic and biostatistical methods

* Strengthened network of scientific collaborators

30
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Sentinel COnCIUSiOn

 The U.S. FDA’s Sentinel System was set up for post-
market active monitoring of medical products based on a
U.S. congressional mandate

* The Sentinel System has a wide coverage of the U.S.
population

 The Sentinel System operates via three centers applying
sound scientific expertise and innovative methods to
real-world data to advance FDA’s mission.

31



 The Sentinel System is supported by the U.S.
Food and Drug Administration (FDA) contract
75F40119D10037.
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OPERATIONS CENTER COLLABORATING ORGANIZATIONS

RSN Harvard Pilgrim
MEDICINE Health Care Institute

¥ CVSHealth.

waetna' S3carelon  Elevance Optum

Health

Aetna, part of the CVS Health Family of companies.

8% KAISER PERMANENTE.

Humana

"’ HealthPartners: Institute Healthcare Research . TennCare Colorado
Hawaii
Mid-Atlantic
S Northyvest
@ TriNei'X % Marshfield Clinic HCAﬂf'm mer,@e Washington
Research Institute Healthcare

VANDERBILT E’ UNIVERSITY
MEDICAL CENTER

|'|=Tl‘- ‘[_IN’C GILLINGS SCHOOL OF
e GLOBAL PUBLIC HEALTH

UF College of Pharmacy e
: Meyers
Department of Pharmaceutical SCHOOL OF PUBLIC HEALTH "
Outcomes and Policy UNIVERSITY of WASHINGTON S [ﬂ HM?ELS s(c:}lloa(g M H CI :::::::t:are
UNIVERSITY of FLORIDA . hea |thverity@

HARVARD .
¢|l|| Department of Population Health Sciences . ) TH.CHAN ® CCER @?gﬁe}man
== Brigham and Women's Hospital  scHooL oF pusLIc HEALTH . Uawekars af PEnsvL AN

Duke University School of Medicine 1
== Founding Member, Mass General Brigham
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Innovation Center Collaborating Organizations:
Data & Scientific Partners

Coloradolnstitute for of NORTH CAROLINA

v Iil ‘ “H/ L F L
aws A M l A Health Research c CHOC Chlldren S. CENTERS FOR MEDICARE & MEDICAID SERVICES gl 1t CHAPEL HILL MICHIGAN MEDICINE

Children's Hospital of Orange County E MICHIGAN

INFORMATICS PROFESSIONALS. LEADING THE WAY. joat U t f
Gt? = VANDERBILT W UNIVERSITY INSTITUTE FOR Priﬁrsslla){;r h
optum . MEDIEAL CENTER HEALTH INFORMATICS g

AETION &% KAISER PERMANENTE. P T
AETION ORACLE FEMS T

CoLuMBIA Department of " M THE UNIVERSITY OF
i e e noatics UNIVERSITY OF MINNESOTA <
UNIVERSITY Microsoft Research ’ i t S[Eanford Driven to Discover® :\IT\E’E\\]NILESSEE
Co Q EVITAS Robert J. Margolis, MD e miversity DEPARTMENT of
Excellence in Evidence uke Centerf-‘ Health Polic <> UNIVERSITY of 4Ry 408 BI®STATISTICS
or Y
M y !\:!:gnael}ol;l UF FLORIDA EPIDEMI®LOGY &
A College of Pharmacy o A

7 YO INFORMATICS
" flatn‘on r QH D_WS__I %) Northeastern University PHARMACY ‘ .

) CHICAGO » ROCKFORD Perelman
UJohnSnowLABS Optum Labs School of Medicine

@) TriNetX STAR sieisisir Berkeley

HARVARD ® 0 = UNIVERSITY OF CALIFORNIA
TH.CHAN 8 National Jewish @ PennState //\\

SCHOOL OF PUBLIC HEALTH Health °°L'f°°°f.h U{JH[E\J[VERSITY
Public Healt|

C:ERE Breathing Science s Life: R OF UTAH® ~ TLCREVOLUTION LLC

Center for Outcomes & . . ; n . -
Effactiveness Research U Department of Populatlon Health Sciences @ Division of Pharmacoepidemiology & Pharmacoeconomics

ev1dat10n
@ healthverity

RUTGERS HEALTH
Institute for Health, Health Care
Policy and Aging Research

§% KAISER PERMANENTE.

Kaiser Permanente Washington
Health Research Institute

& Education Brigham & Women's Hospital, Harvard Medical School

Duke University School of Medicine
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