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What is Sentinel?
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SEC. 905. ACTIVE POSTMARKET RISK IDENTIFICATION AND ANALYSIS.

(a) IN GENERAL.—Subsection (k) of section 505 of the Federal
Food, Drug, and Cosmetic Act (21 U.S.C. 355) is amended by
adding at the end the following:

“(3) ACTIVE POSTMARKET RISK IDENTIFICATION.—

“(A) DEFINITION.—In this paragraph, the term ‘data’
refers to information with respect to a drug approved under
this section or under section 351 of the Public Health
Service Act, including claims data, patient survey data,
standardized analytic files that allow for the pooling and
analysis of data from disparate data environments, and
any other data deemed appropriate by the Secretary.

“B) DEVELOPMENT OF POSTMARKET RISK IDENTIFICA-
TION AND ANALYSIS METHODS.—The Secretary shall, not

Public Law 110-85
110th Congress
An Act

later than 2 years after the date of the enactment of
the Food and Drug Administration Amendments Act of
2007, in collaboration with public, academic, and private
entities—

“(1) develop methods to obtain access to disparate
data sources including the data sources specified in
subparagraph (C);

“(11) develop validated methods for the establish-
ment of a postmarket risk identification and analysis
system to link and analyze safety data from multiple

To amend the Federal Food, Drug, and Cosmetic Act to revise and extend the
user-fee programs for prescription drugs and for medical devices, to enhance Sept. 27, 2007
the postmarket authorities of the Food and Drug Administration with respect " [HR. 3580]
to the safety of drugs, and for other purposes.

Be it enacted by the Senate and House of Representatives of

the United States of America in Congress assembled, Food and Drug sources, “With the goals of including, in aggregate—
SECTION 1. SHORT TITLE. e et 2010;(2113 t least 25,000,000 patients by July 1,

This Act may be cited as the “Food and Drug Administration gflzg(snc' 301 note “(II) at least 100,000,000 patients by July 1,
Amendments Act of 2007”. ‘ 2012; and

“(i11) convene a committee of experts, including
individuals who are recognized in the field of protecting
data privacy and security, to make recommendations
to the Secretary on the development of tools and
methods for the ethical and scientific uses for, and
communication of, postmarketing data specified under
subparagraph (C), including recommendations on the
development of effective research methods for the study
of drug safety questions.

“(C) ESTABLISHMENT OF THE POSTMARKET RISK IDENTI-
FICATION AND ANALYSIS SYSTEM.—

“(1) IN GENERAL.—The Secretary shall, not later
than 1 year after the development of the risk identifica-
tion and analysis methods under subparagraph (B),
establish and maintain procedures—

https://www.govinfo.gov/content/pkg/PLAW-110publ85/pdf/PLAW-110publ85.pdf Sentinel System



Establishment of a
postmarket risk identification and
analysis system
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FDA'’s Sentinel System

2007 FDA Amendments Act
mandates FDA to establish
active surveillance system
for monitoring drugs using
electronic healthcare data.

Through the Sentinel Initiative,

. 2007
FDA aims to assess the post-

Congress passes

FDA launches
Sentinel
Initiative

2008

History of the Sentinel Initiative

@

2009

FDA launches

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

2011

2012

Mini-Sentinel

FDA launches
Sentinel System
run by the
Sentinel
Operations
Center

2016

2019

FDA establishes

market]_ng Safety Of approved Food and Drug Mini-Sentinel has suite of a |I1ew Setr_1tinel
. Administration Pilot Program reusable Cner:m;? ;Zr(;
Amendments programming .
medlcal prOduCtS ° Act (FDAAA) tools for routine %ourir;crj?:glg

ueries
q Outreach Center

Sentinel System | 6

@ &



Sentinel Distributed Database (SDD)
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Aetna, a CVS Health company

Duke University School of Medicine: Department of Population Health Sciences (Medicare Fee-for-
Service data)

Harvard Pilgrim Health Care Institute

HCA Healthcare

HealthCore, Inc. (Anthem, Inc. data)

HealthPartners Institute

Humana, Inc.

Kaiser Permanente Colorado Institute for Health Research

Kaiser Permanente Hawaii Center for Integrated Health Care Research
Kaiser Foundation Health Plan of the Mid-Atlantic States, Inc.

Kaiser Permanente Morthwest Center for Health Research

Kaiser Permanente Washington Health Research Institute

Marshfield Clinic Research Institute

Optum (Optuminsight Life Sciences Inc. and Optum Labs®)
Vanderbilt University Medical Center, Department of Health Policy (Tennessee Medicaid data)

*Potential for double-counting if individuals moved between Data Partner health plans

351.8 million unique patient

identifiers (2000-2020)*

70.6 million members currently

accruing new data
14.8 billion pharmacy dispensings

13.8 billion unique medical encounters
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Recognizing the need to harness alternative data sources

and methods

FDA Budget Matters: A Cross-Cutting Data

Enterprise for Real World Evidence

f Share in Linkedin | & Email

June 10, 2018
By: Scott Gottlieb, M.D.

Over time, as our experience with new medical products
expands, our knowledge about how best to maximize
their benefits and minimize any potential risks, sharpens
with each data point we gather. Every clinical use of a
product produces data that can help better inform us
about its safety and efficacy.

The FDA is committed to developing new tools to help us
access and use data collected from all sources. This
includes ways to expand our methodological repertoire
to build on our understanding of medical products
throughout their lifecycle, in the post market. We don’t
limit our knowledge to pre-market information,
traditional de novo post-market studies, and passive

reporting. Newer methodologies enable us to collect data

& Print

FDA Commissioner Scott Gottlieb, MD
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Focus on integrating more EHR data in Sentinel
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for integrating electronic health record data in a causal analysis
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Challenges in Data Capture W|th
EHRs: A Salient Example of
Recording of Mortality
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Motivation

In safety and effectiveness evaluations of medications, mortality is often an important outcome of interest
to researchers, clinicians, and patients.

However, information regarding deaths that occur outside of a clinical setting are frequently missing in
real-world data sources such as electronic health records (EHRS) or insurance claims.

Using data from two Sentinel partner sites: Mass General Brigham (MGB) and Vanderbilt University
Medical Center (VUMC), we aimed to quantify under-recording of mortality and attempted to augment this
missing information using publicly available information regarding deaths in the US.

Sentinel System | 12



Quantification of unrecorded mortality information in EHRs

Patient list from EHRs Total deaths in Total deaths
Deterministic Iinkage reference standard recorded in EHRs

)

Reference standard

11! Mass General Brigham 65,139 21,595 (33%)
data 2015-2020
I (State vital records
e /' MA, VT, CT)

A "“‘,"",/}: Patient list from EHRs Total deaths in Total deat.hs
r,_“_,“_‘,' E s Deterministic linkage reference standard recorded in EHRs
o . h

Reference standard
data 2015-2020 VANDERBILT §J universiTy 50,952 29,223 (57%)

(National Death Index)
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Augmentation approach: Sources

Publicly available death data

OBITUARIES

* Obituaries Semesmaan” |
Ne\ncr)st:ae;ers
Funeral
Homes
 Memorial and crowdfunding websites
(e.g., GoFundMe) gofund g

« Social media (Twitter)
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Augmentation approach: Challenge

Key challenge: A lot of information stored as free-text, challenging to extract and use at scale

Obituary Database Record

Name Residence

Lillian M. Follett Whitinsville, MA

Age Date of Birth Date of Death
93 12/20/1927 12/01/2021

Obituary / Death Notice

N. Smithfield, RI — Lillian M. Follett (Kollett), age 93, of North Smithfield, passed away
on Wednesday, December 1st at Overlook Nursing Home in Pascoag, RI after a period
of declining health. She was the beloved wife of the late Douglas L. Follett for over 50
years until his death in 2014. Lillian was born in Uxbridge on December 20, 1927 to
the late Frederick W. and Mildred P. (Aldrich) Kollett. She enjoyed traveling with her
husband and their children, as they were growing up. She had an affinity for gardening
and canning vegetables (especially pickles). She made her own root beer. She was a
very involved mother and was extremely devoted to her children. In later years, Lillian
loved outdoor concerts and one of her favorite memories was on her 50th wedding
anniversary with Douglas, when the entire family enjoyed a cruise around Newport.
Lillian is survived by her loving children: David Follett and his wife Susan of
Cumberland, RI, Bruce Follett and his wife Paula of Johnston, RI, Diane Lockwood and
her husband John of Millville, Christine Mercadante and her husband Rob of Millville;
siblings: Gordon Kollett and his wife Jacqueline of Uxbridge and Barbara Heldenbergh
and her husband Richard of Millville; sister in law: Linda Kollett of Norton;
grandchildren: Michael Follett and his wife Cynthia, Ryan Follett, Amye Follett, Madison
Follett, John Lockwood and his wife Ashley, Erin Chinappi and her husband Andrew,
Courtney Mercadante and her husband Nicholas Marcotte and Dayna Mercadante; and
7 great-grandchildren. Lillian was predeceased by her siblings: Evelyn Bouvier,
Raymond Kollett, Jane Therien, Francis Kollett and Elaine Kollett. Calling hours for
Lillian will be held on Thursday, December 9th from 4-7 P.M. at Buma Funeral Home,
101 N. Main Street, Uxbridge. Interment private. In lieu of flowers, donations in

Lillian's name may be made to: The Nature Conservancy

https://www.gofundme.com/CareForKayla

gofundme Q Search Start a GoFundMe

Care For Kayla

Eishare

A7 9.9k shares

$244,850 of $500,000 goal

L]
Raised by 2,320 people in 5 days

On August 25, we lost Andrew Stoecklein, Lead Pastor of Inland Hills C-hurch and beloved husband,
father, brother, and son. Andrew tragically took his own life after a difficult battle with anxiety and
depression, and the Stoecklein family, church community, and lives he touched around the world ardg

mourning his loss.

Created August 29, 2018

#CareForKayla Team &
¥ Other
9 CHINO,CA

Top Supporters

First Donor

Anonymous
$2,000

Most Raised From Sharing
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Augmentation approach: Training language models

(Agreement>80%)

Random 4,200 instances
for annotation

Publicly available

Annotated Data set

Training 7%

Valid
atim Tt

¥

h

Transformers based
Models

Developed and Validated

Database of Date of Death, Date of
Birth, and Name of the deceased from
multiple publicly available sources

Model

-

¥

Performance
Metrics

|

Model performance against manual labels

RoBERTa
Precision | Recall Fl-score
(PPV) | (Sensitivity) | (95% CI)
Decedent 0.85
Name 0.86 0.84 (0.84-0.86)
0.89
. 9
Date of Death 0.87 0.91 (0.88-0.90)
0.94
i 95 93
Date of Birth 0.95 0 0.92-0.94)
0.88
Micro A 0.88 0.88
e (0.86-0.90)
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Results: Extraction of deaths from publicly available
information

Percentage

100 r

Figure 3: Information Density of Annotated Names Across

Different Online Public Sources

Names Annotated

95.48% 97.81%

Twitter Obituary GoFundMe  Memorial Website

Final dataset of 8.1 million extracted unique
death records

23.914, 0%
m Obituary
790,074, 9%
\l ®m Memornal
Websites
B GoFundMe

7,829,887,
9N%
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Results: positive predicted values (PPV) of extracted
deaths vs reference standard

When linking 8.1 million death records from public data to patient lists from the two
healthcare systems using exact matching on first name, last name and date of birth

« PPV of 98.2% at MGB and 98.9% for VUMC with accurate date of death within +/7
days of reference standard

« PPV of9g.7% at MGB and 96.3% for VUMC with accurate date of death same as
reference standard

Sentinel System | 18



Results: Increase in sensitivity of death capture with
extracted deaths

Il Mass General Brigham

Total deaths in reference standard Total deaths recorded in EHRs Total deaths extracted from public

information that are not recorded in
EHRs

65,139 21,595 (33%) 15,661 (24%)

VANDERBILT §J UNIVERSITY

MEDRMCAL CENTEE

Total deaths in reference standard Total deaths recorded in EHRs Total deaths extracted from public
information that are not recorded in

EHRs

50,952 29,223 (57%) 9,191 (18%)

Sentinel System | 19



Summary

Death capture in EHRSs is sub-optimal, ranging from 33% to 57% completeness
between our two systems

« Deaths extracted from public sources had high PPVs when validated against
NDI and state vital files

« Augmenting death capture using publicly available information increased
completeness meaningfully compared to relying on EHRs alone

Sentinel System | 20
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