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Director’s Message

It is my pleasure to share with you the 2021 Annual Report for
the Office of Surveillance and Epidemiology (OSE).

OSE has four core functions — pharmacovigilance,
pharmacoepidemiology, medication error prevention and
analysis, and risk management — and operates across multiple
disciplines to review and assess the safety of medicines.
Everything in OSE is tied to these four core functions. These
core functions are supported by staff specializing in medicine,
pharmacy, regulatory science, regulatory affairs, epidemiology,
human factors engineering, social science, safety surveillance,
information technology, clinical informatics, project
management, administration, contracting, training, and
communication.

2021 was an extremely busy and productive year for OSE. As
COVID-19 continued to shape our personal and professional

lives, OSE staff continued our work to monitor, assess, and
ensure the safety of medications available to the American public. As more therapies for COVID-19
became available under Emergency Use Authorizations (EUAs), we expanded our safety monitoring
capabilities. Through these efforts, were able to understand the uptake of these products and update, as
needed, the Fact Sheets that accompany them with new safety-related information. We also launched the
COVID-19 EUA FDA Adverse Event Reporting System (FAERS) Public Dashboard in March 2021 to keep
the public informed about adverse events reported for these products. As part of the nation’s response to
the COVID-19 public health emergency, our Commissioned Officers in the US Public Health Service
continued to deploy around the United States to assist with various federal and state efforts.

Though our work on COVID-19 kept us quite busy, we also moved forward with several other initiatives,
such as the launch of dedicated Drug Safety Teams with the Office of New Drugs, the initiation of multiple
projects within the Sentinel Initiative to better use data from electronic health records, and the
reorganization of our Office of Medication Error Prevention and Risk Management (OMEPRM) to
improve premarket review efficiency and increase focus on the safe use of marketed medicines — just to
name a few.

The keys to our success in 2021 were our staff’s ongoing dedication to FDA’s mission, its professionalism,
and its commitment to robust science.

Best regards,

Gerald Dal Pan, MD, MHS

Page | 3


https://fis.fda.gov/sense/app/dc0a5af3-51ac-4e10-9791-cdcfa900bd4f/sheet/7a47a261-d58b-4203-a8aa-6d3021737452/state/analysis

OSE Senior Leadership Team

Robert Ball, MD, MPH, ScM
OSE Deputy Director

Gerald Dal Pan, MD, MHS
OSE Director

e
Michael Blum, MD, MPH
Deputy Director, OPE

LS
Judith Zander, MD
Director, OPE

Donal Parks, MBA, MPM
OSE Deputy Director, Operations

Claudia Manzo, PharmD
Director, OMEPRM

Page | 4



OSE Organizational Structure

Office of Surveillance
and Epidemiology

Gerald Dal Pan,
Director
Robert Ball, Deputy
Director
Donal Parks, Deputy
Director, Operations

PublicHealth | Special
Initiatives Initiatives

Project

Administration Management

Regulatory
Affairs

Regulatory
Science
Qutreach and Organizational
Development

Communications

Office of
Pharmacovigilance and
Epidemiology

Office of Medication
Error Prevention and
Risk Management

Judith Zander, Director
Michael Blum, Deputy
Director

Claudia Manzo, Director
Deputy Director (vacant)

Newly
Created in 2021

o Division of
. .. Division of N
Division of Division of .. Mitigation

.. .. Medication Error
Pharmacovigilance Pharmacovigilance - Assessment and
Prevention and o
| Il Medication Error

Analysis | )
Surveillance

Division of

Division of Division of Medication Error Division of Risk
Epidemiology | Epidemiology Il Prevention and Management
Analysis|l

DMEPA split into two in
2021

Figure 1: OSE organizational chart as of December 2021
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OSE Organizational Structure

Who We Are and What We Do

OSE, within the Center for Drug Evaluation and Research (CDER), works to detect, assess, prevent, and
manage the risks of medications so that they can be relied upon to treat disease and improve health. OSE
participates in the safety analysis of drugs before they are marketed to patients and consumers. After the
drugs are marketed, we utilize risk assessment tools to identify and assess adverse events and medication
errors that did not appear during the drug development process as well as to understand better those risks
observed in clinical trials.

OSE has four core functions — pharmacovigilance, pharmacoepidemiology, medication error prevention
and analysis, and risk management — and operates across multiple disciplines to review and assess the
safety of medicines. Everything in OSE is tied to these four core functions.

@ Pharmacovigilance Pharmacoepidemiology

*  Detection and assessment of safety-
related issues for all marketed drug
and therapeutic biological products.

Use of surveillance tools such as
FAERS to identify new safety
concerns with marketed products.

Medication Error
Prevention and Analysis
Review of proposed proprietary
names for drugs and biological
products, nonproprietary name
suffixes for biological
products, labels, labeling,

and human factor studies to
minimize user error.

Review of medication error

reports to identify trends in
improper prescribing, dispensing, or
usage of drug products.

Review of post-marketing study
protocols and study reports
submitted by manufacturers to
inform drug safety and use.

Conducting epidemiological studies
to quantify risk and identify risk
factors.

Use of population-based data to
evaluate the risks and uses of
medications.

Risk
Management

Evaluate the need for a risk
mitigation strategy for all novel
drugs.

Review proposed REMS and
modifications to approved REMS.

Evaluate methods to assess the
impact of mitigation strategies and
reviews the results of those REMS
assessments.

Figure 2: OSE’s four core functions
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Responding to COVID-19

OSE in Action: Continued Response to the COVID-19 Pandemic

The Secretary of Health and Human Services (HHS) declared a public health emergency on January 31,
2020 after cases of Coronavirus Disease 2019 (COVID-19) were confirmed in the United States. FDA has
played a critical role in the pandemic response. In 2021, OSE continued its role in this response by
expanding our four core functions and developing an office-wide COVID-19 core team. This build-up of
infrastructure improved our ability to deliver rapid responses through surveillance and epidemiology. The
OSE Immediate Office provided research, regulatory, project management, communication, and outreach
that supported the various divisions with their many COVID-19 activities.

_ OSE COVID-19 Pandemic Activities _
Pharmacovigilance Pharmacoepidemiology Medication Errors _

e Adverse event monitoring + EUA active surveillance ¢ Medication error +  Responded to inquiries
for products used in framework monitoring for products on individual approved
relation to COVID-19 »  Drug Utilization used in relation to REMS requirements

«  Fact sheetsafetylabeling + Sentinel ARIA, COVID-19 +  Review of REMS
change updates Collaboration with e Proprietary name, modifications with

*  Adverse Event Summary Internal and Federal labeling, and packaging proposed alternative
& Hand Sanitizer Partners reviews methods to carry out safe
surveillance data +  Safety Assessments *  Dear Health Care use conditions to

¢ Safety Assessments Provider letters decrease risk for viral

+  Updates to consumer/ transmission

provider Fact Sheets
*  Safety Assessments

OSE I0: Coordinated scientific information across OSE and served as the
OSE Scientific Lead for COVID-19 activities.

Figure 3: OSE’s COVID-19 Pandemic Activities
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Responding to COVID-19

We continued to make significant strides in 2021 by examining and analyzing data across at least 15 data
sources, including new data tools to obtain and review near real-time drug sales and prescription data,
and for surveillance using a variety of data sources, including population-based data sources.

FDA utilized its authority during the public health emergency to issue EUAs for products to prevent or
treat COVID-19. FDA staff performed daily searches in FAERS to detect and assess adverse events and
medication errors related to products used to treat COVID-19. These surveillance efforts led to the
identification of safety issues resulting in updates
to the Fact Sheets shortly after authorization for

several products authorized for emergency use. In |, 5051 the OSE screened over 80.000
addition tf) conducting daily searches in FAERS, FAERS reports and 66,000 abstracts in the
OSE monitored adverse event reports from a ) o

variety of data sources, as well as the medical published medical literature related to
literature. COVID-19.

We reviewed proposed proprietary names,

container labels, labeling, and packaging to prevent medication errors and help ensure the safe use of
drug products authorized for emergency use and drug products that were imported during the pandemic
to alleviate drug shortages. The pandemic impacted all aspects of healthcare delivery, including the
medication use system. We identified vulnerabilities that could contribute to medication errors, including
limitations of electronic health order entry systems and the lack of barcodes on container labels and
carton labeling for product verification. We closely monitored medication error reports and fostered our
partnerships with patient safety organizations such as the Institute of Safe Medication Practices (ISMP) to
exchange safety information. We updated Fact Sheets, revised container labels and carton labeling, and
collaborated on Dear Health Care Provider letters and other safety communications to help mitigate
potential and identified medication errors.

For drug utilization analyses, OSE conducted regular assessments of drug sales and prescription data
using HCA Healthcare data available to the Agency under contract to inform near real-time drug
utilization patterns. In addition, we conducted analyses of anti-SARS-CoV-2 monoclonal antibody
utilization using available data in HHS Protect, a secure US government platform for COVID-19
healthcare information. Descriptive data for monoclonal antibody utilization was assessed in Sentinel,
CMS Medicare, and the Veterans Health Administration (VHA). OSE examined outpatient use of systemic
corticosteroids for COVID-19, clinical and demographic characteristics of users, concomitant therapies,
COVID-19 severity, and outcomes (hospitalization and death) using data from Sentinel, CMS Medicare,
VHA, and Health Verity. OSE continued to monitor near real-time monitoring of critical drugs during
COVID-19 using HCA Healthcare data in Sentinel.
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Responding to COVID-19

Through surveillance using population-based data sources, OSE collaborated with federal partners to
establish an active surveillance framework in CMS Medicare, VHA, and FDA’s Sentinel System data
sources. This active surveillance framework enhanced the understanding of COVID-19 natural history and
created capacity for near-real time assessment of safety and effectiveness of therapeutics administered
under an EUA using real-world data. A multi-data approach was developed within Sentinel to support
COVID-19 related projects using multiple data partners. FDA used Sentinel’s Data Partner network to
build a database with the most current available data from national claims insurers and integrated
delivery systems. This “rapid” database is routinely updated to support observational studies for COVID-
19 related research and post-market surveillance of

treatments administered during the pandemic. Further,
rapid data in FDA Sentinel could be used to strengthen During the COVID-19 pandemic, the Sentinel

signals generated from FAERS and other resources. Team published a master protocol designed to

Additional information can be found on the FDA use electronic healthcare data to describe

COVID-19 clinical characteristics and identify

Our pharmacoepidemiologists were not only involved in ~ Patient factors related to disease

these surveillance activities, but also in reviewing the progression/prognosis. This is supporting a
COVID-19 observational literature. The pandemic led to study addressing questions about the natural
an abundance of published medical literature,
particularly on effectiveness of repurposed drugs in the

Sentinel page and the Sentinel Initiative website.

history of COVID-19 in pregnancy.

treatment of COVID-19 early in the pandemic. Because

this literature was often not peer reviewed, it often warranted rapid critique of study design and outcomes
by our epidemiologists to inform staff on potential regulatory actions. These review activities also include
reviewing sponsor-submitted proposals and protocols for safety and effectiveness studies for COVID-19
therapeutics under EUA and approved products used for COVID-19.

COVID-19 exacerbated drug shortages and created new challenges for FDA to identify and mitigate drug
shortages. Even before the COVID-19 pandemic, drug shortages were a persistent challenge. COVID-19
highlighted vulnerabilities and gaps in information on drug supply and the need for data on both demand
and supply. OSE collaborated with other offices to develop innovative quantitative, data-driven
approaches to inform near real-time drug utilization patterns to enhance and support identification,
refinement, and validation of signals of drug shortages and other supply disruptions. OSE rapidly created
capabilities for near real-time monitoring of critical drugs used in the inpatient setting during COVID-19
using HCA Healthcare data in Sentinel. We also performed weekly assessments of drug sales and
prescription data using proprietary drug sales distribution and utilization databases available to the
Agency under contract to inform near real-time drug utilization patterns to inform safety.
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Detecting and Assessing Risks

Beyond COVID-19, OSE uses several approaches for post-marketing surveillance and risk assessment to
identify adverse events and medication errors that may not have appeared during the drug development
process. OSE maintains two primary systems for postmarketing drug safety surveillance, a “passive”
system known as FAERS, and an “active” system known as the Sentinel System.

FDA Adverse Event Reporting System (FAERS)

FAERS is a database that contains
adverse event reports, medication
error reports and product quality
complaints related to drugs and
therapeutic biological products. Drug
product manufacturers and other
entities are required to submit reports
of adverse events associated with their
products that they receive or otherwise
obtain. Additionally, the public (e.g.,
healthcare professionals and
consumers) can voluntarily submit
adverse event reports directly to FDA
via the MedWatch Program.

As shown in Figure 4, there has been a steady increase of report volume over the last 10 years. In 2021,
there was more than a 6% increase in adverse event reports that are both serious and not listed in the
product’s labeling compared to 2020. Of the over 2.3 million reports received in 2021, almost 1.4 million
were described as serious adverse events not listed in the product labeling.

Reports Received by Report Type

2,500,000

72,544
78,560

87,551 105,388

2,000,000

62,020

41,659 50,001

1,500,000

Report Count

1,000,000

500,000

2011

2013 2014

2016

2018 2010
Years

m Expedited mNon-Expedited m Direct

Figure 4: FAERS Reports Over the Past Decade
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Detecting and Assessing Risks

FAERS Public Dashboard and FAERS COVID-19 Public Dashboard

In September 2017, OSE launched the FAERS Public Dashboard. The FAERS Public Dashboard expanded
access to FAERS data to the public by providing a means to search for information on human adverse
events related to human drugs. Prior to the development of the dashboard, only raw FAERS data (going
back to 1968) were made available to the public in complex data files on a quarterly basis. The dashboard
is designed for public use anywhere in the world and allows users to query FAERS data in a highly
interactive, user-friendly way. The data in the FAERS Public Dashboard has been updated quarterly since
its inception.

There was a rapid uptake of the products authorized under an EUA to combat the ongoing COVID-19
pandemic. In order to keep the public adequately informed of adverse events reported for these products,
more frequent updates to the FAERS Public Dashboard were needed during COVID-19. The COVID-19
EUA FAERS Public Dashboard was therefore launched in March 2021. It is updated on a weekly basis to
improve data access, increase transparency and provide more efficient access to safety information for
drugs and therapeutic biologic products used under an EUA for COVID-19.

FAERS is only one piece of the many safety surveillance data sources used by OSE. When a potential
safety concern is identified, further evaluation may be performed, which can include literature reviews
and conducting studies using tools such as the Sentinel System.

Sentinel Today (2021)

Sentinel

The Sentinel System was developed to analyze large quantities of
electronic healthcare data efficiently to monitor the safety of
marketed drugs to help inform regulatory decision making. FDA also
uses Sentinel to advance our understanding of how real-world
evidence can be used for studying effectiveness.

360.2M

Unique Patient
Identifiers from 2000-
2021

14
The “active surveillance” capabilities of Sentinel are an important Data Partners
complement to FAERS data. Instead of waiting to receive safety data,
Sentinel enables FDA to search for it when needed to conduct specific

5M

analyses. When a safety signal arises from FAERS or elsewhere,
Sentinel can be used to systematically study the issue in a larger
patient population.

Sentinel continues to build upon the core innovations that were

Live-birth deliveries
with a mother-infant
linkage

15.5B

responsible for many of the achievements in its first decade: Prescription Records

participation of partners who bring their knowledge and expertise to
the Sentinel network, and reusable analytic tools in the Sentinel
Common Data Model with the ability to trace important clinical
information back to the medical record. Sentinel remains one of the
world’s largest multi-site, privacy-preserving, medical product safety

40.9M
Patients with lab results

00006

surveillance systems with highly curated data capturing
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Detecting and Assessing Risks

approximately 800 million person-years of longitudinal data and more than 64 million patients actively
accruing new data. OSE utilized the Sentinel System in 81 medical product assessments in 2021.

The Sentinel System has been able to address public health crises, such as COVID-19. Notable
achievements in 2021 include:

Drug safety analyses conducted in Sentinel informed updates to the labeling of oral anticoagulant
products for the risk of clinically significant uterine bleeding and the labeling of parenteral iron
products for the risk of severe adverse reactions in pregnant women.

The Sentinel Innovation Center and the Community Building and Outreach Center separately
published their Master Plans, which outline core projects to advance the Sentinel System's
strategic aims.

FDA initiated multiple projects through the Sentinel Innovation Center with capabilities to utilize
Electronic Health Record (EHR) data in areas including natural language processing and machine
learning.

FDA completed an end-to-end redesign of the Sentinel Initiative website through the Community
Building and Outreach Center to improve the usability of information.

Sentinel has continued supporting FDA's response to the COVID-19 pandemic by expanding and
enhancing data infrastructure, launching new scientific studies, and coordinating with other
national and international partners.

During the COVID-19 pandemic, the Sentinel Team participated in the
Reagan-Udall Foundation COVID-19 Evidence Accelerator activities to
share insights, compare results, answer key questions about COVID-19,
and lead a workstream to evaluate coagulopathy in COVID-19 patients.
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Preventing Risks

OMEPRM Reorganization to Support Medication Safety

OSE’s OMEPRM is the lead for CDER's medication error prevention and analysis program and risk
evaluation and mitigation strategy (REMS) program. As the number and complexity of approved
medicines in the U.S. continues to increase, the number of serious adverse events and medication errors
in the U.S. population also continues to increase. This situation requires strategies to help ensure the safe
use of medicines and mitigate risks associated with their use.

In 2021, OMEPRM implemented a reorganization to:
e Manage resources more effectively and support the high-volume workload
e Prioritize post-marketing aspects of our medication error and REMS programs
¢ Increase research initiatives and special projects to strengthen the science of our medication error
and REMS programs
e Promote career opportunities and professional development and increase the program’s ability to
retain highly skilled professionals.

The reorganization split the Division of Medication Error Prevention and Analysis into two divisions that
focus on premarket work (DMEPA I and DMEPA II); established a new division, the Division of
Mitigation Assessment and Medication Error Surveillance (DMAMES), to focus on postmarket REMS
assessment and medication error surveillance activities; and restructured DRM to focus on premarket
REMS and REMS modification review activities (See Figure 5).

Page | 13



Preventing Risks

DMEPA I DMEPA II

Figure 5: Details on the 2021 Reorganization of OMEPRM

These changes in OMEPRM established divisions with clearer and more focused areas of expertise to
increase efficiency across programs and help us enhance our scientific leadership in these areas. Once
fully staffed, the additional efficiency we achieve will be channeled toward the development of more
guidance for regulated industry and expansion of our scientific expertise to enable better regulatory

decisions.

Prevention of Medication Errors Throughout a Product’s
Lifecycle

As part of the FDA preapproval process for new drug products,
DMEPA I and II review and determine the acceptability of
proposed proprietary names for drugs and for biological products,
distinguishing suffixes included in nonproprietary names to
minimize medication errors associated with product name
confusion. Both divisions also review proposed container labels,
carton labeling, prescribing information (including the
Instructions for Use and Medication Guides), packaging, and
human factors submissions to minimize or eliminate hazards that
can contribute to medication errors. Fiscal Year 2021 user fee goals
for the review of proprietary names are listed in Table 1.

In FY 2021, DMEPA | and Il
exceeded user fee goals by
completing their reviews of
proprietary names within the
required timeframe greater than
93% of the time.
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Preventing Risks

T T Receints Performance Goal | Performance Goal
pplic yp e1p Met (%) Exceeded
190 06 Yes

213 Q6 Yes
8 100 Yes
15 93 Yes
29 06 N/A
Total 455

Table 1: Proprietary Name Reviews from October 1, 2020 — September 30, 2021

*Note: Proprietary Name Reviews (PNRs) are not subject to GDUFA II but the performance is being tracked based
on a 180-day review timeframe

FDA’s nonproprietary naming convention for biological products approved in a 351(a) BLA and for

biosimilars or interchangeable biosimilar biological products approved in a 351(k) BLA consists of a
distinguishing suffix added to the core name. This unique four-letter suffix should be attached to the core

name by a hyphen. DMEPA reviewed 41 nonproprietary suffixes in FY 2021 (See Table 2).

Human factors engineering (HF) is the scientific discipline concerned with the understanding of
interactions among humans and other elements of a system. HF applies theory, principles, data and

methods to optimize patient safety

in the healthcare environment. In
FY2021, OMEPRM received 85 HF o
protocols and 356 other HF

submissions or consults including
HF validation study results reports, “

formal industry meeting requests, Table 2: Nonproprietary suffix review for biological products from
and use-related risk analyses. October 1, 2020 — September 30, 2021

13

6

In the postmarketing setting, DMAMES is the CDER scientific lead for medication error
pharmacovigilance, which includes surveillance planning, safety signal detection, assessment,
understanding, and prevention of medication errors. DMAMES collaboratively investigates medication
error safety signals for marketed drug products, including non-prescription, prescription, generics, and
biosimilars and other therapeutic biological products, to determine if regulatory action is needed to
mitigate the errors.
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Managing Risks

Risk Evaluation and Mitigation Strategies (REMS)
REMS are designed to reinforce medication use
behaviors and actions that support the safe use of
a particular medication. REMS may include a

REMS is a drug safety program that FDA can

Medication Guide (MG), Communication Plan require for certain medications with serious
(CP), certain packaging and safe disposal safety concerns to help ensure the benefits of
technologies for drugs that pose a serious risk of the medication outweigh its risks. FDA has

abuse or overdose and/or Elements to Assure Safe
Use (ETASU). REMS with ETASU have additional
requirements to mitigate risks, such as pregnancy
tests to avoid prenatal exposure to a teratogenic
drug. Manufacturers are required to assess the

approved nearly 300 REMS programs and
over 700 REMS modifications since 2008.

effectiveness of the REMS in meeting its risk mitigation goal.
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Managing Risks

Creation of REMS Public Dashboard

Information about the characteristics of REMS programs is manually processed by OSE staff. It has
become increasingly challenging to interpret the volume of REMS data gathered over time in a
meaningful way that allows an understanding of how these programes, at a high level, have evolved over
the years. In response to this need, OSE developed a user-friendly REMS Public Dashboard in 2021 for

efficient report-generating capabilities, data retrieval, and analysis of REMS information available on the
REMS@FDA website. This allows health care providers, research organizations, academia, industry, and

other federal agencies to access data and generate reports.

REMS Approved by Element Types

ge
67
73
=
48
& 40
E 27
12 10 11 11 12 . 12
5 4 6
b oD D "y v ) T “ © A B ") ~D "
D i) g "y " " . " Ny . i, " L
rfe‘.\ ”‘fb nI’Q.‘: rfe‘.\ ”‘fb nI’Q.‘: rfb ”‘fb rlf‘:‘ rfb ”‘fb rlf‘:‘ rfb v nblb.
Year, By Element Type
Il CP-Only Bl ETASU B MG-CP-Only MG-Only

Figure 6: REMS Approved by Element Types
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Managing Risks

Data used in this dashboard are pulled from existing data files available on the REMS@FDA website.
Users can create visualizations and charts for total and active REMS programs, ETASU, REMS
modifications, revisions, and released REMS programs that are no longer in effect because the REMS met
its goals and was no longer necessary to ensure that the benefits of the drug outweigh its risks.

REMS Modifications
PLEL
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Figure 7: REMS Modifications
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Figure 8: Released REMS
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Drug Safety Modernization and Innovation

The world of postmarketing safety continues to evolve. There are many more sources of safety data and
richer data sets available to our epidemiologists and clinicians than ever before, and new methods and
technology have enabled us to support the analyses of the data much more quickly. For example, a few
years ago, we couldn’t analyze disparate impacts for patients who were pregnant, or for patients by race in
observational studies. Today, we often can. A few years ago, we could only access safety information that
was several months old. Today, we can access a broader selection of validated data sources much more
quickly, which means our staff must interpret ever-larger sets of complex safety information, to see the
big picture, and take necessary action to protect patients.

Real World Evidence (RWE) Claims Guidance for Industry
The 21st Century Cures Act, passed in 2016, is meant to accelerate
medical product development and bring innovations faster and more

Real-World Data: Assessing
Electronic Health Records and

efficiently to patients. The Act requires FDA to develop a framework Medical Claims Data To
and guidance on the potential use of RWE to help support approvals Support Regulatory Decision-
of new indications for drugs or biological products already approved Making far []? rué; and Biological
by the FDA, or to help support or satisfy post-approval study Tl
requirements for these products. Guidance for Industry

DRAFT GUIDANCE

In September 2021, FDA issued a draft guidance that provides
recommendations for evaluating the relevance and reliability of EHRs
and medical claims data used in a clinical study. Specifically, this
guidance is intended to provide sponsors, researchers, and other
interested stakeholders with considerations when aiming to use EHRs
or medical claims data in clinical studies to support a regulatory
decision on effectiveness or safety.

Drug Safety Teams

In 2021, we launched three new Drug Safety Teams, each of which oversees the safety of a portfolio of
marketed drugs. These expert multi-disciplinary teams monitor and prioritize the range of safety issues
arising within therapeutic areas such as neurology, oncology, and infectious disease. Drug Safety Teams
facilitate sharing of information about safety issues from all CDER Offices with scientific safety
responsibilities and increase efficient safety evaluations.

Use of Artificial Intelligence

Artificial intelligence (AI) is being explored as part of a decision support tool to efficiently extract and
organize information in such a way as to allow expert’s time to focus more on complex tasks associated
with public health impact. Al is being applied to data contained in individual case safety reports within
FAERS to derive a visualization of the temporal relationship between the drug and adverse event, to
support the identification of duplicate reports, and assist in the triaging of reports with high information
quality.

Page | 19


https://www.fda.gov/regulatory-information/search-fda-guidance-documents/real-world-data-assessing-electronic-health-records-and-medical-claims-data-support-regulatory

Drug Safety Modernization and Innovation

Supply Chain Surveillance Using Advanced Analytics

OSE continues to provide scientific leadership and expertise on data-driven, evidence-based approaches
to identify, refine, and validate signals of drug shortages and other supply issues. To aid in assessing the
risk of shortages of certain critical medicines, OSE’s expertise in drug utilization data and analysis is
integral to the launch of CDER’s new drug supply chain surveillance system, with the goal of earlier
detection of and response to supply chain disruptions. CDER staff uses the increased visibility into the
surveilled pharmaceuticals’ availability and supply and demand in their various roles in addressing drug
shortages.

Computerized Labeling Assessment Tool (CLAT)

OSE reviews proposed container labels and other labeling for drug products to ensure the product
conforms with applicable statutes, regulations, standards, FDA guidance for industry, and best practices
for patient safety. However, much of the labeling review process is manual, and thus labor- and time-
intensive, and may be subjective based on individual reviewer perspective or prone to possible
discrepancies related to human factors. In 2021, FDA awarded a contract to develop a prototype for the
CLAT, which will use modern artificial intelligence methods, including machine learning, natural
language processing, and image processing, to automate manual labeling review efforts. Automating the
labeling reviews will create operational efficiencies and help streamline and standardize the review
process to ensure consistency across different products and review teams.
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OSE’s Continued Response to the Opioid Public Health Crisis

Workshop on Morphine Milligram Equivalents (MMEs) to Identify Knowledge Gaps,
Research Opportunities, and Future Directions

In June 2021, FDA held a two-day virtual public scientific workshop attended by more than 300
participants from government, academia, industry, patient advocacy groups, healthcare providers, and
researchers to discuss the scientific basis of MMEs. MMEs have been used to inform switching patients
between opioid analgesics and to indicate misuse, abuse, and overdose potential, as well as set thresholds
for prescribing and dispensing of opioid analgesics. The workshop: 1) provided an understanding of the
science and data underlying existing MME calculations for opioid analgesics; 2) discussed the gaps in
these data; and 3) considered future directions to refine and improve the scientific basis of MME
applications.

FDA/Duke Margolis Meetings on Mandatory Prescriber Education on Opioids

Through a cooperative agreement with FDA, the Duke-Margolis Center for Health Policy convened a
public workshop with over 300 attendees in October 2021 to consider ways in which we can use our
authorities to enhance prescriber education around prescribing opioid analgesics, including through the
exploration of mandatory prescriber education as part of the Opioid Analgesic REMS. The purpose was to
give stakeholders an opportunity to provide input on aspects of the current opioid crisis that could be

mitigated in a measurable way by requiring mandatory prescriber education as part of the REMS.
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Public Health Outreach Activities

Sentinel Outreach: 13th Annual Sentinel Public Workshop (November 2021)
In collaboration with the Duke-Margolis Center for Health Policy, OSE
held the 13th Sentinel Annual Public Workshop in November 2021. This
year’s meeting featured a keynote by CDER Director Dr. Patrizia There were 1,247 attendees

Cavazzoni. The virtual public workshop highlighted milestones and on both days of the 13th
strategic initiatives underway to enhance and build a more robust

. . . . Annual Sentinel Workshop.
Sentinel Initiative, and stakeholders discussed opportunities to advance

Sentinel’s existing data, infrastructure, and technology.

Potential Medication Error Risks with Investigational Drug Container Labels (Public
Meeting, May 2021)

On May 18-19, 2021, FDA held a two-day public meeting attended by more than 700 participants to solicit
input from stakeholders on the: 1) risk of medication errors potentially related to the content and format
of information on investigational drug container labels; 2) prevalence and nature of such errors; and 3) to
gather information on practices that minimize the potential for medication errors. Panelists included
representatives from clinical trial sites, contract research organizations, sponsors, institutional review
boards, Health Canada, the United Kingdom’s Medicines and Healthcare Products Regulatory Agency,
and FDA who provided their perspectives on the current state and opportunities for future collaboration
to identify and mitigate potential medication error risks with investigational drug products.

Engaging the International Community

OSE exchanges information with international regulators on safety surveillance topics, adverse event
reporting, and other issues of common interest. The goal of these interactions is to collaborate on drug
safety activities and support global harmonization on similar regulatory programs. In 2021, OSE
exchanged information on more than 200 topics, including several pertaining to the COVID-19 pandemic.

OSFE’s International Regulatory Partners

European Union: N L * . % Goods
- s rape

European Medicines Agency * . Administration (TGA)
(EMA) ¥ *
United Kingdom: - Singapore:

.. * Kk 43*1 g
]‘1\4;(3113:; Ii:guietil;iz:;cy (’ * Health Sciences Authority
(MHRA) (HSA)
%ﬂ;ﬁi Pharmaceuticals and Medical

’ Devices Agency (PMDA)

New Zealand: Canada:
Medsafe Health Canada (HC)

Figure 9: OSE's international regulatory partners
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OSE Collaboration with International Coalition of Medicines Regulatory Authorities
(ICMRA) to Combat COVID-19

ICMRA is an alliance of global regulators that was formed in 2012 to jointly address common areas of
concern, including medication safety issues. In 2020 and 2021, the ICMRA coordinated the safety
monitoring of COVID-19 treatments among international partners.

We completed a study in Sentinel to assess the risks of arterial and venous thromboembolic events (blood
clots), and related death, among COVID-19 patients and to compare these risks to patients with influenza.
Following a COVID-19 diagnosis, 2.8% of patients experienced an arterial thromboembolism and 1.8%
experienced a venous thromboembolism. After an arterial or venous thromboembolic event, the risk of
death was over 3-fold higher for patients with COVID-19 than for patients with influenza. The FDA
Sentinel team is expanding this study globally via an ICMRA collaboration by combining data from
Europe, Canada, and the United States. This study is ongoing.

OSE participated with ICMRA on collaborative studies on the impact of COVID-19 infection and
medicines in pregnancy using real world data. The study is using the FDA’s Sentinel System to evaluate
the use of medications and clinical outcomes of COVID-19 disease in pregnant women. OSE plans to share
the results with the ICMRA working group for an international meta-analysis.

The National Institutes of Health (NIH) COVID-19 treatment guidelines advise against corticosteroid use
in patients with Medicare Sentinel
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corticosteroids in an outpatient setting within 10 days of COVID-19 diagnosis (Figure 10); over 50% on
the same day of diagnosis largely through pharmacy dispensings (67.0-91.1%). Despite NIH
recommendations against use, increasing numbers of non-hospitalized COVID-19 patients were
prescribed systemic corticosteroids.

OSE Presentations

OSE staff continued to share expertise by giving 109 presentations and/or moderating at scientific
meetings. Staff presented on a wide range of topics, including real-world evidence and drug safety in
populations not well represented in clinical development programs, as well as those specific for COVID-
19, such as adverse event monitoring of COVID therapies.

2021 Presentations by OSE Staff (By Topic)

B Pharmacoepidemiology M Pharmacovigilance Pharmacoviligance
Course
Human Factor(s) B REMS B Sentinel
B Medication Errors B RWE/RWD B Miscellaneous

Figure 11: Presentations by OSE staff during 2021
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Looking to the Future

Priorities for 2022 and Beyond

In 2022, OSE plans to broaden our risk management, pharmacoepidemiology, medication error
prevention, and pharmacovigilance capabilities to support the reauthorization and implementation of the
Prescription Drug User Fee Act (PDUFA) VII, Generic Drug User Fee Act (GDUFA) III, and Biosimilar
User Fee Act (BsUFA) III.

We plan to finalize the draft “Best Practices in Drug and Biological Product Postmarket Safety

Surveillance for FDA Staff” document as required under the 215t Century Cures Act.

OSE looks forward to the continued development and expansion of the Drug Safety Teams’ scope and
responsibilities, including the addition of two new Drug Safety Teams, a major modernization initiative.
A total of nine Drug Safety Teams are expected to be fully implemented by the end of the first quarter of
2022.

In accordance with the SUPPORT Act, we will continue to explore additional innovative strategies to
confront the nonmedical use of opioids, including enhanced education for prescribers and disposal
options for patients.
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Looking to the Future

Consistent with its five-year strategic plan, Sentinel will further explore methods to optimize surveillance
work using electronic health records data and will focus on strengthening causal inference to broaden use
of real-world data to evaluate effectiveness. The Sentinel Newsletter, launched in 2021, will continue to be
published quarterly through 2022 to disseminate knowledge and promote Sentinel as a national resource.
We will continue to explore novel methods to evaluate the growing number of FAERS reports. In 2022,
FDA plans to upgrade FAERS with a new process for the electronic submission of Investigational New
Drug (IND) safety reports designed to improve our ability to detect, track, and act upon safety signals.

OSE will improve the development of assessment measures and methods to assess the effectiveness of a
REMS and improve the efficiency of FDA’s reviews of assessment reports. In September 2021, FDA
awarded two task orders to the MITRE Corporation to collaborate on a prescriber education landscape
analysis and to develop a limited Proof-of-Concept Prototype that demonstrates how prescribers can
complete REMS prescriber education and other REMS activities within their workflow and how
verification that the education requirements have been met can be automated. In 2022, OSE proposes to
continue this work to more fully integrate REMS activities into the health care system. In the long-term,
this project will enable the FDA and the nation to tap into the full potential of the REMS program.
Information regarding the REMS Prototype Use Case can be found here.

We look forward to strengthening our interactions with international regulatory partners to increase the

exchange of information and support global harmonization on regulatory programs of mutual interest,
including products to address COVID-19.

Page | 26


https://www.fda.gov/media/120333/download
https://www.sentinel-hub.com/newsletters/
https://confluence.hl7.org/display/COD/Risk+Evaluation+and+Mitigation+Strategies+-+REMS

Appendix: OSE Publications

NPJ Digit Med 2021 Dec 20; 4(1):170

Broadening the reach of the FDA Sentinel system: A

roadmap for integrating electronic health record
data in a causal analysis framework.

Desai RJ, Matheny ME, Johnson K, Marsolo K,
Curtis LH, Nelson JC, Heagerty PJ, Maro J, Brown
J, Toh S, Nguyen M, Ball R, Dal Pan G, Wang SV,
Gagne JJ, Schneeweiss S.

Clin Pharmacol Ther. 2021 Dec;110(6):1512-1525.
The impact of variability in patient exposure during
premarket clinical development on postmarket

safety outcomes.
Cherkaoui S, Pinnow E, Bulatao I, Day B,

Kalaria M, Brajovic S, Dal Pan G.

Drug Saf. 2021 Feb;44(2):133-165. Epub 2020 Nov.
Consensus Guidelines: Best Practices for Detection,
Assessment and Management of Suspected Acute
Drug-Induced Liver Injury During Clinical Trials in
Adults with Chronic Viral Hepatitis and Adults with
Cirrhosis Secondary to Hepatitis B, C and
Nonalcoholic Steatohepatitis.

Treem WR, Palmer M, Lonjon-Domanec I, Seekins
D, Dimick-Santos L, Avigan MI, Marcinak JF, Dash
A, Regev A, Maller E, Patwardhan M, Lewis JH,
Rockey DC, Di Bisceglie AM, Freston JW, Andrade
RJ, Chalasani N.

J Perinatol. Oct 2021
The culture of research communication in neonatal

intensive care units: key stakeholder perspectives.
Degl J., Ariagno R., Aschner J...Kim I... et al.

Vascular Medicine. Oct 2021;1358863X211006470.
Arterial aneurysm and dissection with systemic
vascular endothelial growth factor inhibitors: A
review of cases reported to the FDA Adverse Event
Reporting System and published in the literature.
Cheng C, Nadeau Nguyen M, Nayernama A,
Jones SC, Brave M, Agrawal S, Amiri-Kordestani L,
Woronow D.

J Affect Disord. 2022 Jan 1;296:635-641. Epub
ahead of print: 2021 Oct 5.

Risk of hospitalized depression and intentional self-
harm with brand and authorized generic sertraline.
Pennap DD, Swain RS, Welch EC, Bohn J, Lyons
JG, Dutcher S, Mosholder AD.

Atkinson’s Principles of Clinical Pharmacology, Oct
2021, 4th edition. Elsevier.
Chapter 26: Clinical analysis of adverse drug

reactions and pharmacovigilance.
Chamberlain C, Kortepeter C, Munoz M.

Drug Saf. 2021 Dec;44(12):1365-1374.

Repeated or Continuous Medically Supervised
Ketamine Administration Associated with
Hepatobiliary Adverse Events: A Retrospective Case
Series.

Cotter S, Wong J, Gada N, Gill R, Jones SC,
Chai G, Foster D, Avigan M, Mundkur M.

Experimental Biology and Medicine. 246:15—18,
2021 Nov (Epub before print).

Emerging Technologies and their Application to
Regulatory Science.

Anklamm E, Bahlb MI, Ball R, et al.

Pharmacoepidemiol Drug Saf. 2021
Nov;30(11):1551-1559. Epub 2021 Aug 23.
Trend changes of national zolpidem users and
exposure cases after FDA drug safety
communications.

Zhou EH, Feng Z, Pinnow E, Lee J, Bak D,
Ready T, Dal Pan GJ.

Drug Saf. Nov 2021. P69-70.

Characterization of Pediatric Reports in the U.S.
Food and Drug Administration (FDA) Adverse Event
Reporting System (FAERS) from 2010—-2020.

Phan M, Cheng C, Dang V, Wu, E, Muiioz M.

Clin Pharmacol Ther. 2021 Oct 26. Epub ahead of
print. The Use of Real-World Data to Assess the
Impact of Safety-Related Regulatory Interventions.
Dal Pan GJ

J Affect Disord. 2022 Jan Epub 2021 Oct 5.

Risk of hospitalized depression and intentional self-
harm with brand and authorized generic sertraline.
Pennap DD, Swain RS, Welch EC, Bohn J, Lyons
JG, Dutcher S, Mosholder AD.

J Gen Intern Med. 2021 Oct 1:1-8. Epub ahead of
print.

Risk of Covid-19-Related Hospitalization and More
Severe Outcomes in Medicare Beneficiaries Treated
with Renin-Angiotensin-Aldosterone System

Inhibitors for Hypertension.
Graham DJ, Izurieta HS, Muthuri SG, Zhang D,

Sandhu AT, Lu'Y, Zhao Y, Feng Y, Eworuke E, Lyu
H, Gandotra C, Smith ER, Avagyan A, Wernecke M,
Kelman JA, Forshee RA, MaCurdy TE

JAMA Dermatol. 2021 Sep 8. Epub ahead of print.
Postmarketing Cases of Enfortumab Vedotin-
Associated Skin Reactions Reported as Stevens-
Johnson Syndrome or Toxic Epidermal Necrolysis.
Nguyen MN, Reyes M, Jones SC.

Page | 27


https://pubmed.ncbi.nlm.nih.gov/34931012/
https://pubmed.ncbi.nlm.nih.gov/34931012/
https://pubmed.ncbi.nlm.nih.gov/34931012/
https://europepmc.org/article/pmc/pmc8595500
https://europepmc.org/article/pmc/pmc8595500
https://europepmc.org/article/pmc/pmc8595500
https://pubmed.ncbi.nlm.nih.gov/33141341/
https://pubmed.ncbi.nlm.nih.gov/33141341/
https://pubmed.ncbi.nlm.nih.gov/33141341/
https://pubmed.ncbi.nlm.nih.gov/33141341/
https://pubmed.ncbi.nlm.nih.gov/33141341/
https://pubmed.ncbi.nlm.nih.gov/33141341/
https://www.nature.com/articles/s41372-021-01220-5
https://www.nature.com/articles/s41372-021-01220-5
https://pubmed.ncbi.nlm.nih.gov/33840328/
https://pubmed.ncbi.nlm.nih.gov/33840328/
https://pubmed.ncbi.nlm.nih.gov/33840328/
https://pubmed.ncbi.nlm.nih.gov/33840328/
https://pubmed.ncbi.nlm.nih.gov/34619154/
https://pubmed.ncbi.nlm.nih.gov/34619154/
https://doi.org/10.1016/C2018-0-05545-0
https://doi.org/10.1016/C2018-0-05545-0
https://pubmed.ncbi.nlm.nih.gov/34699023/
https://pubmed.ncbi.nlm.nih.gov/34699023/
https://pubmed.ncbi.nlm.nih.gov/34699023/
https://pubmed.ncbi.nlm.nih.gov/34699023/
https://pubmed.ncbi.nlm.nih.gov/34783606/
https://pubmed.ncbi.nlm.nih.gov/34783606/
https://pubmed.ncbi.nlm.nih.gov/34382718/
https://pubmed.ncbi.nlm.nih.gov/34382718/
https://pubmed.ncbi.nlm.nih.gov/34382718/
https://doi.org/10.1007/s40264-021-01129-0
https://doi.org/10.1007/s40264-021-01129-0
https://doi.org/10.1007/s40264-021-01129-0
https://pubmed.ncbi.nlm.nih.gov/34699061/
https://pubmed.ncbi.nlm.nih.gov/34699061/
https://pubmed.ncbi.nlm.nih.gov/34619154/
https://pubmed.ncbi.nlm.nih.gov/34619154/
https://pubmed.ncbi.nlm.nih.gov/34599472/
https://pubmed.ncbi.nlm.nih.gov/34599472/
https://pubmed.ncbi.nlm.nih.gov/34599472/
https://pubmed.ncbi.nlm.nih.gov/34599472/
https://pubmed.ncbi.nlm.nih.gov/34495281/
https://pubmed.ncbi.nlm.nih.gov/34495281/
https://pubmed.ncbi.nlm.nih.gov/34495281/

Am J Obstet Gynecol. 2021 Sep 2:S0002-
9378(21)00988-1. Epub ahead of print.

Incidence of severe uterine bleeding outcomes
among oral anticoagulant users and nonusers.
Huang TY, Hou L, Andersen A, Gassman A, Moeny
D, Eworuke E.

Osteoporos Int. Sep 2021.

Teriparatide-associated calciphylaxis: a case series.
Kim J, Konkel K, Jones SC, Reyes M,
McCulley L.

Pharmaceut Med. 2021 Sep 2.

Leveraging Case Narratives to Enhance Patient Age
Ascertainment from Adverse Event Reports.

Pham P, Cheng C, Wu E, Kim I, Zhang R, Ma Y,
Kortepeter CM, Muiioz MA.

The CPNP Perspective. Vol 8, ISS 4 - Sep. 2021, P10-
11.

Explore Unique Roles of Psychiatric Pharmacists as
a Student Safety and Leadership in FDA Division of
Pharmacovigilance

Alicia Lopez, PharmD and Vicky Chan, PharmD,
BCPS.

J Allergy Clin Immunol Pract. 2021 Jan;9(1):385-
393.e12. Epub 2020 Aug 11.

Risk of Psychiatric Adverse Events Among
Montelukast Users.

Sansing-Foster V, Haug N, Mosholder A, Cocoros
NM, Bradley M, Ma Y, Pennap D, Dee EC, Toh S,
Pestine E, Petrone AB, Kim I, Lyons JG, Eworuke
E.

Pharmacoepidemiol Drug Saf. 2021 Aug; 30 Suppl
1:120.
A comparison of data mining algorithms using

different drug classifications for signal
identification.

Dang V, Kortepeter C; Munoz MA.

J Am Med Inform Assoc. 2021 Jul
Electronic phenotyping of health outcomes of

interest using a linked claims-electronic health
record database: findings from a machine learning

pilot project.
Gibson TB, Nguyen M, Burrell T, Yoon F, Wong J,

Dharmarajan S, Ouellet-Hellstrom R, Hua W,
MaY, Baro E, Bloemers S, Pack C, Kennedy A, Toh
S,BallR

J Pediatr. Jul 2021. Online ahead of print.
Real-World Evidence for Assessing Treatment
Effectiveness and Safety in Pediatric Populations
Horton DB, Blum MD, Burcu M.

Drug Saf. 2021 Jul;44(7):743-751. Epub 2021 Apr
27. Multi-modal Approach to Evaluate the Impact of
Risk Evaluation and Mitigation Strategy (REMS)

Programs.

Am J Hematol. 2021 Sep 1;96(9):1087-1100
Adverse events reported to the U.S. Food and Drug
Administration Adverse Event Reporting System for

tisagenlecleucel.
Dores GM, Jason C, Niu MT, Perez-Vilar S.

Int Urogynecol J. Sep 2021.

Pentosan associated retinal pigmentary changes:
FDA'’s perspective on an emerging postmarketing

safety finding.
Lardieri A, Konkel K, McCulley L, Jones SC,
Moeny D, Nguten C, Sewell C, Chambers W, Ajao A.

Blood. Sep 2021: 138, 785-789.

The bidirectional increased risk of B-cell lymphoma
and T-cell lymphoma.

Dai C, Dores GM, Flowers CR, Morton LM.

Pain Medicine, nab244, 04 August 2021 Epub ahead
of print.

Patient-reported opioid analgesic use after discharge
from surgical procedures: a systematic Review.
Mallama CA, Greene C, Alexandridis AA,
McAninch J, Dal Pan G, Meyer T.

Comput Biol Med. 2021 Aug;135:104517.

Feature engineering and machine learning for
causality assessment in pharmacovigilance: Lessons
learned from application to the FDA Adverse Event
Reporting System.

Kreimeyer K, Dang O, Spiker J, Muifioz MA, Rosner
G, Ball R, Botsis T.

SJS/TEN. 2021: Collaboration, Innovation and
Community, Virtual. 2021, Aug 28-29
Serious cutaneous adverse reaction-related labeling

changes: An evaluation of supporting evidence and
labeling features. [Poster presentation].

Phan M, Muiioz M, Kortepeter C, Reyes M

BMC Health Research Services. 2021 Aug
6;21(1):779 Pragmatic Applications of
Implementation Science Frameworks to Regulatory
Science: An Assessment of FDA Risk Evaluation
and Mitigation Strategies REMS (2014-2018).
Huynh L, Toyserkani GA, Morrato HE

Pharmacoepidemiol Drug Saf. 2021 Jul;30(7):827-
837. doi: 10.1002/pds.5240. Epub 2021 Apr 18

A COVID-19-ready public health surveillance system:
The Food and Drug Administration's Sentinel

System.
Cocoros NM, Fuller CC, Adimadhyam S, Ball R,

Brown JS, Dal Pan GJ, Kluberg SA, Lo Re V 3rd,
Maro JC, Nguyen M, Orr R, Paraoan D, Perlin J,
Poland RE, Driscoll MR, Sands K, Toh S, Yih WK,
Platt R

Page | 28


https://pubmed.ncbi.nlm.nih.gov/34481779/
https://pubmed.ncbi.nlm.nih.gov/34481779/
https://doi.org/10.1007/s00198-021-06139-3
https://pubmed.ncbi.nlm.nih.gov/34476768/
https://pubmed.ncbi.nlm.nih.gov/34476768/
https://cpnp.org/perspective/2021/09/507617
https://cpnp.org/perspective/2021/09/507617
https://cpnp.org/perspective/2021/09/507617
https://pubmed.ncbi.nlm.nih.gov/32795564/
https://pubmed.ncbi.nlm.nih.gov/32795564/
https://www.researchgate.net/publication/328284057_A_Comparative_Study_of_Data_Mining_Algorithms_used_for_Signal_Detection_in_FDA_AERS_Database
https://www.researchgate.net/publication/328284057_A_Comparative_Study_of_Data_Mining_Algorithms_used_for_Signal_Detection_in_FDA_AERS_Database
https://www.researchgate.net/publication/328284057_A_Comparative_Study_of_Data_Mining_Algorithms_used_for_Signal_Detection_in_FDA_AERS_Database
https://pubmed.ncbi.nlm.nih.gov/33712852/
https://pubmed.ncbi.nlm.nih.gov/33712852/
https://pubmed.ncbi.nlm.nih.gov/33712852/
https://pubmed.ncbi.nlm.nih.gov/33712852/
https://pubmed.ncbi.nlm.nih.gov/34217767/
https://pubmed.ncbi.nlm.nih.gov/34217767/
https://pubmed.ncbi.nlm.nih.gov/33904111/
https://pubmed.ncbi.nlm.nih.gov/33904111/
https://pubmed.ncbi.nlm.nih.gov/33904111/
https://pubmed.ncbi.nlm.nih.gov/34050534/
https://pubmed.ncbi.nlm.nih.gov/34050534/
https://pubmed.ncbi.nlm.nih.gov/34050534/
https://doi.org/10.1007/s00192-021-04970-0
https://doi.org/10.1007/s00192-021-04970-0
https://doi.org/10.1007/s00192-021-04970-0
https://pubmed.ncbi.nlm.nih.gov/33822002/
https://pubmed.ncbi.nlm.nih.gov/33822002/
https://pubmed.ncbi.nlm.nih.gov/34347101/
https://pubmed.ncbi.nlm.nih.gov/34347101/
https://www.sciencedirect.com/science/article/abs/pii/S0010482521003115
https://www.sciencedirect.com/science/article/abs/pii/S0010482521003115
https://www.sciencedirect.com/science/article/abs/pii/S0010482521003115
https://www.sciencedirect.com/science/article/abs/pii/S0010482521003115
https://www.fda.gov/media/148977/download
https://www.fda.gov/media/148977/download
https://www.fda.gov/media/148977/download
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06808-3
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06808-3
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06808-3
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-021-06808-3
https://pubmed.ncbi.nlm.nih.gov/33797815/
https://pubmed.ncbi.nlm.nih.gov/33797815/
https://pubmed.ncbi.nlm.nih.gov/33797815/

Sarpatwari A, Mitra-Majumdar M, Bykov K, Avorn
J, Woloshin S, Toyserkani GA, LaCivita C,
Manzo C, Zhou EH, Pinnow E, Dal Pan GJ,
Gagne JJ, Huybrechts KF, Feldman WB, Chin K,
Kesselheim ASA.

Reg Anesth Pain Med. 2021 Jul 6:rapm-2021-
103003. Epub ahead of print.

Response to the letter to the editor.
Eworuke E, Racoosin J, Graham DJ.

Clinical Pharmacology & Therapeutics. Jun 2021.
Uncontrolled Extensions of Clinical Trials and the
Use of External Controls - scoping opportunities and
methods.

Ching-Yu Wang, Jesse Berlin, Barry Gertz, Kourtney
Davis, Jie Li, Nancy Dreyer, Wei Zhou, John
Seeger, Nancy Santanello, and Almut Winterstein.

Clin Pharmacol Ther 110:941-945, 2021 May

Assuring Access to Safe Medicines in Pregnancy and

Breastfeeding
Nooney J, Thor S, de Vries C, Clements J, Sahin L,

Hua W, Everett D, Zaccaria C, Ball R, Saint-
Raymond A, Yao L, Raine J, Kweder S.

2021 AASLD/FDA DILI Conference: Drug Induced
Liver Injury: New Developments, Innovative Tools
and Assessment Strategies in Patients with
Underlying Liver Disease or Cancer and in the
Setting of the COVID-19 Pandemic. 2021 Apr 20-22;
Poster. Virtual.

Repeated medically - supervised ketamine

administration associated with hepatobiliary
adverse events.

Cotter S, Wong J, Gada N, Gill R, Jones SC, Chai
G, Foster D, Avigan M, Mundkur M.

Pharmacoepidemiology and Drug Safety. 2021 Apr
22. Online ahead of print.

Validity of ICD-10-CM Diagnoses to Identify
Hospitalizations for Serious Infections Among
Patients Treated with Biologic Therapies.

Re VL 3rd, Carbonari DM, Jacob J, Short WR,
Leonard CE, Lyons JG, Kennedy A, Damon J, Haug
N, Zhou EH, Graham DJ, McMahill-Walraven
CN, Parlett LE, Nair V, Selvan M, Zhou Y, Pocobelli
G, Maro JC, Nguyen MD.

JACC: CardioOncology. Mar 2021;3(1).
Cisplatin-Associated Aortic Thrombosis — A Review
of Cases Reported to the FDA Adverse Event
Reporting System. Nadeau Nguyen MC,
Woronow D, Binks B, Nayernama A, Jones SC.

Pharmacoepidemiol Drug Saf. 2021 Feb;30(2):126-
134. Epub 2020 Oct 5.
Phosphodiesterase type 5 inhibitor use among

pregnant and reproductive-age women in the United
States.

J Oncol Pharm Practice. Jul 2021

Abiraterone acetate-associated QT prolongation and
Torsades de pointes: Postmarketing cases reported to
FDA.

McBride L, Woronow D, Nayernama A, Jones
SC.

Vaccine 2021 Jun 29;39(29):3814-3824
Methodologic approaches in studies using real-world
data to measure pediatric safety and effectiveness of
vaccines administered to pregnant women: a scoping
review.

Lasky T, McMahon AW, Hua W, Forshee R.

Pharmacoepi Drug Saf. 2021 May;30(5):573-581.
Outpatient insulin-related adverse events due to mix-
up errors: Findings from two national surveillance
systems, United States, 2012-2017.

Geller A, Conrad A, Weidle N, Mehta H, Budnitz
D, Shehab N.

Epidemiology 32:439-443, 2021 May
Identification and validation of anaphylaxis using
electronic health data in a population-based setting.
Bann MA, Carrell DS, Gruber S, Shinde M, Ball R,
Nelson JC, Floyd JS

Drug Saf. 2021 May. Epub ahead of print.

Risk of Severe Abnormal Uterine Bleeding
Associated with Rivaroxaban Compared with
Apixaban, Dabigatran and Warfarin.

Eworuke E, Hou L, Zhang R, Wong HL, Waldron P,
Anderson A, Gassman A, Moeny D, Huang TY.

J Matern Fetal Neonatal Med. 2021 Apr 29:1-6.

Utilization of hydroxyprogesterone caproate among

pregnancies with live birth deliveries in the sentinel
distributed database.

Shinde M, Cosgrove A, Woods CM, Chang C, Nguyen
CP, Moeny D, Ajao A, Kolonoski J, Tsai HT.

Liver Int. 2021 Mar;41(3):515-528.

A case series analysis of serious exacerbations of viral
hepatitis and non-viral hepatic injuries in
tocilizumab-treated patients.

Biehl A, Harinstein L, Brinker A, Glaser R,
Muiioz M, Avigan M.

The Journal of Allergy and Clinical Immunology: In
Practice 2021 Mar
A Boxed Warning for Montelukast: The FDA

Perspective
Clarridge K, Chin S, Eworuke E, Seymour S.

Infect Dis. 2021 Feb 13;223(3):416-425
Guillain-Barré Syndrome After High-Dose Influenza
Vaccine Administration in the United States, 2018-
2019 Season.

Perez-Vilar S, Hu M, Weintraub E, Arya D, Lufkin
B, Myers T, Woo EJ, Lo AC, Chu S, Swarr M, Liao J,

Page | 29


https://pubmed.ncbi.nlm.nih.gov/34230194/
https://pubmed.ncbi.nlm.nih.gov/34165790/
https://pubmed.ncbi.nlm.nih.gov/34165790/
https://pubmed.ncbi.nlm.nih.gov/34165790/
https://pubmed.ncbi.nlm.nih.gov/33615448/
https://pubmed.ncbi.nlm.nih.gov/33615448/
https://pubmed.ncbi.nlm.nih.gov/34699023/
https://pubmed.ncbi.nlm.nih.gov/34699023/
https://pubmed.ncbi.nlm.nih.gov/34699023/
https://www.researchgate.net/publication/351070877_Validity_of_ICD-10-CM_Diagnoses_to_Identify_Hospitalizations_for_Serious_Infections_Among_Patients_Treated_With_Biologic_Therapies
https://www.researchgate.net/publication/351070877_Validity_of_ICD-10-CM_Diagnoses_to_Identify_Hospitalizations_for_Serious_Infections_Among_Patients_Treated_With_Biologic_Therapies
https://www.researchgate.net/publication/351070877_Validity_of_ICD-10-CM_Diagnoses_to_Identify_Hospitalizations_for_Serious_Infections_Among_Patients_Treated_With_Biologic_Therapies
https://dx.doi.org/10.1016/j.jaccao.2020.11.017
https://dx.doi.org/10.1016/j.jaccao.2020.11.017
https://dx.doi.org/10.1016/j.jaccao.2020.11.017
https://pubmed.ncbi.nlm.nih.gov/33020970/
https://pubmed.ncbi.nlm.nih.gov/33020970/
https://pubmed.ncbi.nlm.nih.gov/33020970/
https://pubmed.ncbi.nlm.nih.gov/33990160/
https://pubmed.ncbi.nlm.nih.gov/33990160/
https://pubmed.ncbi.nlm.nih.gov/33990160/
https://pubmed.ncbi.nlm.nih.gov/32813442/
https://pubmed.ncbi.nlm.nih.gov/32813442/
https://pubmed.ncbi.nlm.nih.gov/32813442/
https://pubmed.ncbi.nlm.nih.gov/32813442/
https://onlinelibrary.wiley.com/doi/abs/10.1002/pds.5212
https://onlinelibrary.wiley.com/doi/abs/10.1002/pds.5212
https://onlinelibrary.wiley.com/doi/abs/10.1002/pds.5212
https://pubmed.ncbi.nlm.nih.gov/33591057/
https://pubmed.ncbi.nlm.nih.gov/33591057/
https://pubmed.ncbi.nlm.nih.gov/34014506/
https://pubmed.ncbi.nlm.nih.gov/34014506/
https://pubmed.ncbi.nlm.nih.gov/34014506/
https://pubmed.ncbi.nlm.nih.gov/33926341/
https://pubmed.ncbi.nlm.nih.gov/33926341/
https://pubmed.ncbi.nlm.nih.gov/33926341/
https://pubmed.ncbi.nlm.nih.gov/33320444/
https://pubmed.ncbi.nlm.nih.gov/33320444/
https://pubmed.ncbi.nlm.nih.gov/33320444/
https://pubmed.ncbi.nlm.nih.gov/33744471/
https://pubmed.ncbi.nlm.nih.gov/33744471/
https://pubmed.ncbi.nlm.nih.gov/33137184/
https://pubmed.ncbi.nlm.nih.gov/33137184/
https://pubmed.ncbi.nlm.nih.gov/33137184/

Liu W, Menzin TJ, Woods CM, Haug NR, Li J,
Mathew JA, Nguyen CP, Chai GP, Money
DG, Shinde M.

Am J Epidemiol. 2021 Feb 22 Epub ahead of print.

A General Propensity Score for Signal Identification

using Tree-Based Scan Statistics.
Wang SV, Maro JC, Gagne JJ, Patorno E,

Kattinakere S, Stojanovic D, Eworuke E, Baro E,
Ouellet-Hellstrom R, Nguyen M, Ma Y,
Dashevsky I, Cole D, DeLuccia S, Hansbury A,
Pestine E, Kulldorff M.

Pharmacoepidemiol Drug Saf. 2021 Feb 3.
Trends in Erythropoiesis-stimulating agent use and

blood transfusions for chemotherapy-induced
anemia throughout FDA's risk evaluation and
mitigation strategy lifecycle.

Vega A, Zhang R, Wong HL, Wernecke M,
Alexander M, Feng Y, Lo AC, Lufkin B, Ryan Q, Izem
R, MaCurdy TE, Kelman JA, Graham DJ.

Am J Epidemiol. 2021 Feb 22: kwabo34. Epub
ahead of print.
A General Propensity Score for Signal Identification

using Tree-Based Scan Statistics
Wang SV, Maro JC, Gagne JJ, Patorno E,

Kattinakere S, Stojanovic D, Eworuke E, Baro E,
Ouellet-Hellstrom R, Nguyen M, Ma Y, Dashevsky I,
Cole D, DeLuccia S, Hansbury A, Pestine E,
Kulldorff M.

BMJ 2021 Jan 372:m4856

STaRT-RWE: structured template for planning and
reporting on the implementation of real world
evidence studies.

Wang SV, Pinheiro S, Hua W, Arlett P, Uyama Y,
Berlin JA, Bartels DB, Kahler KH, Bessette LG,
Schneeweiss S.

Addict Sci Clin Pract. 2021 Jan 4;16(1):1.

Merging statewide data in a public/university
collaboration to address opioid use disorder and
overdose.

Becker WC, Heimer R, Dormitzer CM, Doernberg
M, D'Onofrio G, Grau LE, Hawk K, Lin HJ, Secora
AM, Fiellin DA.

Wernecke M, MaCurdy T, Kelman J, Anderson S,
Dulffy J, Forshee RA. J.

Drug Saf. 2021 Feb 9. Epub ahead of print.

Risk Management for the 21st Century: Current
Status and Future Needs.

Mouchantaf R, Auth D, Moride Y, Raine J, Han SY,
Smith MY.

JNCI Cancer Spectrum, 2021 Feb
Risk of Non-Melanoma Skin Cancer in Association

with Use of Hydrochlorothiazide-Containing
Products in the United States,

Eworuke E, Haug N, Bradley M, Cosgrove A,
Zhang T, Dee EC, Adimadhyam S, Petrone A, Lee H,
Woodworth T, Toh S

J Womens Health. 2021 [Epub 24 Feb 2021]
Food and Drug Administration Beyond the 2001
Government Accountability Office Report:
Promoting Drug Safety for Women

Jenkins M, Mufnoz M, Bak D, Chai G, Ready T,
South E, Zinn R, Zusterzeel R, Woodcock J.

Vaccine 2021 Jan

Safety surveillance of meningococcal group B vaccine
(Bexsero®), Vaccine Adverse Event Reporting
System.

Silvia Perez-Vilar, Graca M.Dores, Paige
L.Marquez, Carmen S. Ng, Maria V.Cano, Anuja
Rastogi, Lucia Lee, John R. Su, Jonathan Duffy.

Headache. Jan 2021:61(1):202-208.
Hypertension: a new safety risk for patients treated
with erenumab.

Saely S, Croteau D, Jawidzik L, Brinker A,
Kortepeter C.

Page | 30


https://pubmed.ncbi.nlm.nih.gov/33615330/
https://pubmed.ncbi.nlm.nih.gov/33615330/
https://pubmed.ncbi.nlm.nih.gov/33534188/
https://pubmed.ncbi.nlm.nih.gov/33534188/
https://pubmed.ncbi.nlm.nih.gov/33534188/
https://pubmed.ncbi.nlm.nih.gov/33534188/
https://pubmed.ncbi.nlm.nih.gov/33615330/
https://pubmed.ncbi.nlm.nih.gov/33615330/
https://pubmed.ncbi.nlm.nih.gov/33436424/
https://pubmed.ncbi.nlm.nih.gov/33436424/
https://pubmed.ncbi.nlm.nih.gov/33436424/
https://pubmed.ncbi.nlm.nih.gov/33397480/
https://pubmed.ncbi.nlm.nih.gov/33397480/
https://pubmed.ncbi.nlm.nih.gov/33397480/
https://pubmed.ncbi.nlm.nih.gov/33565024/
https://pubmed.ncbi.nlm.nih.gov/33565024/
https://pubmed.ncbi.nlm.nih.gov/33733052/
https://pubmed.ncbi.nlm.nih.gov/33733052/
https://pubmed.ncbi.nlm.nih.gov/33733052/
https://pubmed.ncbi.nlm.nih.gov/33635140/
https://pubmed.ncbi.nlm.nih.gov/33635140/
https://pubmed.ncbi.nlm.nih.gov/33635140/
https://pubmed.ncbi.nlm.nih.gov/34887130/
https://pubmed.ncbi.nlm.nih.gov/34887130/
https://pubmed.ncbi.nlm.nih.gov/34887130/
https://pubmed.ncbi.nlm.nih.gov/33423274/
https://pubmed.ncbi.nlm.nih.gov/33423274/

Office of Surveillance and Epidemiology
Center for Drug Evaluation and Research
U.S. Food and Drug Administration
10903 New Hampshire Avenue
Silver Spring, Maryland 20993

www.fda.gov



	Director’s Message
	OSE Senior Leadership Team
	OSE Organizational Structure
	OSE Organizational Structure

	Responding to COVID-19
	Responding to COVID-19
	Responding to COVID-19

	Detecting and Assessing Risks
	Detecting and Assessing Risks
	Detecting and Assessing Risks

	Preventing Risks
	Preventing Risks
	Preventing Risks

	Managing Risks
	Managing Risks
	Managing Risks

	Drug Safety Modernization and Innovation
	Drug Safety Modernization and Innovation

	Engaging the Public
	Engaging the Public
	Engaging the Public
	Engaging the Public

	Looking to the Future
	Looking to the Future

	Appendix: OSE Publications



