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Disclaimer
The views expressed in this presentation are those of the presenter and not necessarily 
those of the US Food and Drug Administration.

The views and opinions expressed in the following PowerPoint slides are those of the 
individual presenter and should not be attributed to DIA, its directors, officers, 
employees, volunteers, members, chapters, councils, Communities or affiliates.

This presentation is incomplete without accompanying verbal commentary.

www.fda.gov
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Outline
1. Expanding Sentinel System data and analytic capabilities

– Incorporating linked claims-EHR data 
– Leveraging artificial intelligence to evaluate medical products

2. Sentinel’s PDUFA VII commitments
– Pregnancy safety
– Negative controls

www.fda.gov
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Recognizing the Need to Harness 
Alternative Data Sources

https://www.fda.gov/media/120333/download 
https://www.fda.gov/news-events/fda-voices/fda-budget-matters-cross-cutting-data-enterprise-
real-world-evidence 

“Previously, our investments in post-market data have 
mostly focused on the development of systems to 
consolidate and analyze information derived from 

healthcare payer claims…Now we have the capacity to 
use clinical data derived from electronic health records to 
develop faster reporting on the performance of medical 

products in real world medical settings.”

“Strategic aim 3: Accelerate 
access to and broader use of 

real-world data”

“…FDA will focus its investment 
on innovations emerging from 
new data science disciplines, 

such as natural language 
processing and machine 

learning, and seek to expand 
its access to and use of EHRs” 

https://www.fda.gov/media/120333/download
https://www.fda.gov/news-events/fda-voices/fda-budget-matters-cross-cutting-data-enterprise-real-world-evidence
https://www.fda.gov/news-events/fda-voices/fda-budget-matters-cross-cutting-data-enterprise-real-world-evidence
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Sentinel Innovation Center Vision

Inability to identify certain 
study populations of 

interest from insurance 
claims

Inability to identify certain 
outcomes of interest from 

insurance claims

Other limitations
(inadequate duration of 
follow-up, the need for 

additional signal 
identification tools)

Current Sentinel 
System Limitations

Sentinel Innovation 
Center Initiatives

Data Infrastructure Feature Engineering
Emerging methods including 
machine learning and scalable 
automated NLP approaches to 
enable computable 
phenotyping from unstructured 
EHR data

Causal Inference
Methodologic research to 
address specific challenges 
when using EHRs such as 
approaches to handle missing 
data, calibration methods for 
enhanced confounding 
adjustment

Detection Analytics

Development of signal 
detection approaches to 
account for and leverage 
differences in data content and 
structure of EHRs 

RWE Data 
Enterprise: 

A query-ready, 
quality-checked 
distributed data 

network 
containing EHR 

for at least 10 
million lives 

with reusable 
analysis tools 

Sentinel Innovation 
Center Vision

2020 2024
Desai RJ, Matheny ME, Johnson K, et al. Broadening the reach of the FDA Sentinel system: A roadmap for integrating electronic health record data in a causal analysis framework. NPJ Digit Med. 2021;4(1):170.
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Priorities Year 1(2020) Year 2(2021) Year 3(2022) Year 4 (2023) Year 5 (2024) Year 6 (2025)

Master plan Master plan refinement

Data 
infrastructure

(8)

Feature 
engineering

(5)

Causal 
inference

(5)

Detection 
analytics

(2)

Evaluating targeted learning in EHR data (CI1)

Horizon scan (DI1)

Representing unstructured data in CDM (DI2) 

Source data mapping (DI3)

Harmonizing EHRs (DI4)

Causal inference framework (CI2)

Subset calibration methods  (CI4)

Computable phenotyping framework (FE1)

Scalable NLP (FE2)

Probabilistic phenotyping of incident outcomes (FE3)

Automated approaches to leverage EHRs for Sentinel (FE4)

EHR detection analytics review (DA1)

Onboarding EHR data partners (DI6)

Innovation 
incubator

(1)

Data Sandbox Discovery Phase

Death index (DI5)

Development network (DI7)

FHIR preparedness White paper*

Missing data toolkit (CI3)

Empirical evaluation of detection analytic methods using EHRs (DA2)

*ASPE supported project

Use Cases
(2) Empirical application of EHR-claims network to 

enhance ARIA sufficiency (UC2)

Empirical application of EHR-claims network to 
address ARIA insufficiency (UC1)

Expanding the reach of EHR-
claims network (DI8)

Incorporating frequently used engineering features 
from EHRs into the SCDM (FE5)

Toolkit development and refinement 
for EHR-claims network (CI5)

Session 9: 
intersection 

of AI and 
RWD in 

pharmacoepi

This 
presentation
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Use Case 1: Improving ARIA Sufficiency
• Due to limitations inherent to claims data, Sentinel’s Active Risk 

Identification and Analysis (ARIA) system is sometimes deemed 
insufficient to address a regulatory question of interest

• Linking EHRs and claims data and incorporating advanced 
methods can overcome some of ARIA’s current limitations 

Aim 1: For health outcomes of interest for which ARIA 
analyses were previously determined to be insufficient, 
conduct fitness-for-purpose analyses and assess the 
likelihood of successful development of computable 
phenotypes by incorporating rich EHR data and data-driven 
modeling methods
Aim 2: Conduct a protocol-based pharmacoepidemiologic 
analysis to evaluate the complexities encountered and 
propose solutions for typical claims-based ARIA analyses that 
will be handled by linked EHR-claims data

https://www.sentinelinitiative.org/methods-data-tools/methods/empirical-application-sentinel-electronic-health-record-ehr-and-claims 

https://www.sentinelinitiative.org/methods-data-tools/methods/empirical-application-sentinel-electronic-health-record-ehr-and-claims
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Pharmacoepidemiology Study in Linked EHR-claims Data

• Context: In 2017, ARIA was determined to be insufficient to assess 
the risk of acute pancreatitis with use of SGLT-2 inhibitors

– No longer an active safety concern, but data challenges (e.g., 
outcome identification) are still relevant

• Diagnosis codes are known to have limited ability to identify acute 
pancreatitis (PPV: 55-66%), which raises concerns regarding the 
validity of prior studies due to outcome misclassification

• Data Source: Sentinel RWE Data Enterprise commercial network 
• Approach: A cohort study using propensity-score fine stratification 

for confounding adjustment
– Outcome: acute pancreatitis, defined using a probabilistic 

phenotyping algorithm
– Applying multiple imputation methods to analytically address 

missingness in key confounding variables (e.g., HbA1c and BMI)

• Status: Results anticipated by the end of the year

Floyd JS, Bann MA, Felcher AH, et al. Validation of Acute Pancreatitis Among Adults in an Integrated Healthcare System. Epidemiology. 2023;34(1):33-37.
Bann MA, Carrell DS, Gruber S, et al.  A comparison of manual and automated approaches to developing computable algorithms for identifying acute pancreatitis. Under review. 
Weberpals J, Raman SR, Shaw PA, et al. smdi: an R package to perform structural missing data investigations on partially observed confounders in real-world evidence studies. JAMIA Open. Apr 2024;7(1):ooae008. 
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Use Case 2: Strengthening ARIA Sufficient Analyses

• Although ARIA analyses provide vital information to the FDA to aid in regulatory decision 
making, often uncertainties remain due to lack of data availability in insurance claims for 
critical variables pertaining to the research question (e.g., residual confounding, lack of 
validated outcome algorithms) 

 Aim 1: Rapid confounder balance evaluation of factors unmeasured in Sentinel claims data

 Aim 2: Correcting claims analyses for unmeasured confounding using subset calibration tools

 Aim 3: Real-time validation of code-based algorithms

 Aim 4: Identifying use of cannabis-derived products (CDP) from free-text notes

 Aim 5: Expand on a principled quantitative bias analysis (QBA) at the design stage that could 
allow for better understanding of the uncertainties associated with potential unmeasured 
confounding

https://www.sentinelinitiative.org/methods-data-tools/methods/empirical-application-sentinel-ehr-and-claims-data-partner-network 

https://www.sentinelinitiative.org/methods-data-tools/methods/empirical-application-sentinel-ehr-and-claims-data-partner-network
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Identifying Use of Cannabis-Derived Products (CDP) 
From Free-Text Notes

• Context: There is increasing interest in the potential utility of cannabis for a variety of medical conditions, as well as 
research on the potential adverse health effects from use of cannabis

– FDA has not approved cannabis for the treatment of any disease/condition, but has approved Epidiolex®, a cannabis-derived 
product (CDP) in the form of a cannabidiol (CBD)

– Despite increased patient usage of unapproved cannabis-derived products in recent years, CDP is not currently captured in 
structured claims data 

– Usage of cannabis-derived products, however, may be recorded in unstructured patient-reported data EHRs 

• Data Source: Sentinel RWE Data Enterprise development network (Vanderbilt University Medical Center)
• Approach: Develop a method for capturing patient usage of CDP from linked EHR-claims data and perform 

exploratory analyses to characterize patients using CDP
– Identify individuals with suspected CDP exposure in structured EHR data
– Use NLP tools and algorithms to find CDP exposure in text from clinical notes (iterative process)
– Analyze patient cohorts identified based on exposure to Epidiolex, CBD, and other CDP to understand demographics, clinical 

characteristics, and comedications

• Status: results anticipated in Spring 2025

U.S. Food and Drug Administration. "FDA and Cannabis Research and Drug Approval Process."  https://www.fda.gov/news-events/public-health-focus/fda-and-cannabis-research-and-drug-approval-process 
Carrell DS, Cronkite DJ, Shea M, et al. Clinical documentation of patient-reported medical cannabis use in primary care: Towards scalable extraction using natural language processing methods. Subst Abus. 2022;43(1): 917-924.

https://www.fda.gov/news-events/public-health-focus/fda-and-cannabis-research-and-drug-approval-process
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Sentinel’s PDUFA VII Commitments
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Sentinel’s PDUFA VII Commitments: Milestones
Milestone Due Date
FDA will hold a public workshop on post-market safety studies in pregnant women September 30, 2023

FDA will:
• Publish a workshop report describing the proposed framework
• Initiate demonstration projects

September 30, 2024

FDA will, based on the results of the demonstration projects: 
• Update the proposed framework
• Develop a guidance or MAPP/SOPP as appropriate to implement a standardized 

process for determining necessity and type of pregnancy postmarketing studies 
including PMRs

September 30, 2027

FDA will hold a public workshop on use of negative controls for assessing the 
validity of non-interventional studies of treatment September 30, 2023

FDA will initiate two methods development projects September 30, 2024 

FDA will publish a report on the results of the development projects September 30, 2027

https://healthpolicy.duke.edu/events/optimizing-use-postapproval-pregnancy-safety-studies
https://healthpolicy.duke.edu/sites/default/files/2024-07/Meeting%20Report%20for%20Optimizing%20the%20Use%20of%20Postapproval%20Pregnancy%20Safety%20Studies_0.pdf
https://www.fda.gov/safety/fdas-sentinel-initiative/fda-demonstration-projects-inform-development-pregnancy-safety-study-framework
https://healthpolicy.duke.edu/events/understanding-use-negative-controls-assess-validity-non-interventional-studies-treatment
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Sentinel PDUFA VII Commitments: 
Pregnancy Safety Demonstration Projects

Commitments

A CDER: Assess the performance of pregnancy registries versus electronic healthcare database studies to 
detect a signal when the exposure to medication in pregnancy is relatively common.

B
CDER: Assess the performance of single arm safety studies versus signal identification methods using 
electronic healthcare data to detect a signal when the exposure to medication in pregnancy is anticipated to 
be low.

C CDER: Assess the performance of pregnancy registries versus electronic healthcare database studies to 
evaluate a signal when the exposure to medication in pregnancy is relatively common.

D CDER: Assess the performance of major congenital malformations (MCM) as a composite outcome in 
signal detection and evaluation when there is true risk for some but not all specific malformations.

E

CBER: Assess the performance of an algorithm using electronic health record (EHR) and claims-linked 
healthcare data for a pregnancy-related outcome, or composite of outcomes (e.g., spontaneous abortion, 
stillbirth, congenital malformations), after use of vaccines in pregnant women. The parameters of the 
pregnancy-outcome algorithm will be developed to have general usability with therapeutic products.

Similar approaches for “A” and “C” 
since both involve registries and a 

common exposure

Differs in regulatory goal: signal 
detection vs. evaluation

Using a product with low 
exposure to imitate a 
descriptive pregnancy 

safety study (DPSS)
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Sentinel PDUFA VII Commitments: 
Use of RWE - Negative Controls

Commitments

1

CDER: Develop an empirical method to 
automate the negative control identification 
process in Sentinel and integrate it into the 
Sentinel System tools

2

CBER:Develop a method to use a double 
negative control adjustment to reduce 
unmeasured confounding in studying 
effectiveness of vaccines

An automated approach to find 
disconnected negative controls: 

Data-driven Automated 
Negative Control Estimation 

(DANCE) algorithm

Kummerfeld E, Lim J, Shi X. Data-driven Automated Negative Control Estimation (DANCE): Search for, Validation of, and Causal Inference with Negative Controls. Journal of Machine Learning Research. 2024;24:1-35.
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QUESTIONS?

www.fda.gov

FDASentinelSystem@fda.hhs.gov

mailto:FDASentinelSystem@fda.hhs.gov
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