Margolis-FDA Workshop: Optimizing the Use
of Postapproval Pregnhancy Safety Studies

September 18-19, 2023
Day 1

»IY U.S. FOOD & DRUG Duke MARGOLIS CENTER

ADMINISTRATION for Health Policy

D k MARGOLIS CENTER
UKE | /i Heaith policy



Welcome and Opening Remarks

Marianne Hamilton Lopez

Senior Research Director, Duke-Margolis Center for Health Policy

MARGOLIS CENTER
for Health Policy

Duke




Workshop Agenda — Day 1

10:00 AM
10:10 AM
10:30 AM
11:05AM

11:20PM

12:45 PM
2:00 PM
3:15PM
3:25PM
4:25 PM
4:30 PM

Welcome and Overview

FDA Opening Presentation: The Role of Postapproval Pregnancy Safety Studies

Session 1: Stakeholder Perspectives on the Impact of Postapproval Pregnancy Safety Studies
Break

Session 2: Stakeholder Perspectives on Challenges and Opportunities to Optimize
Postapproval Pregnancy Safety Study Types and Designs

Lunch Break

Session 3: FDA’s Considerations for Constructing a Pregnancy Safety Study Framework
Break

Session 4: Design of the Pregnancy Safety Study Framework

Wrap-up Day 1- Brief Closing Remarks

Adjourn

MARGOLIS CENTER
for Health Policy

Duke







Join at

slido.com
#PregSafe




2N U.S. FOOD & DRUG

ADMINISTRATION

The Role of Postapproval Pregnancy Safety Studies

Leyla Sahin, MD, Deputy Director for Safety
Division of Pediatrics and Maternal Health
Office of Rare Diseases, Pediatrics, Urology and Reproductive Medicine
Office of New Drugs
Center for Drug Evaluation and Research

Optimizing the Use of Postapproval Pregnancy Safety Studies
FDA-Duke Margolis Public Workshop September 18, 2023



Disclaimer

FDA speakers do not have any
financial disclosures to report

The FDA presentations reflect the
views of the speaker and should not
be construed to represent FDA's
views or policies




Objectives
Background

Overview of 2019 Postapproval
Pregnancy Safety Studies Draft
Guidance

Efforts to advance safety data collection
in pregnant individuals

PDUFA VIl Pregnancy Safety
Commitments




Introduction

FDA's efforts to advance pregnancy safety data collection

— 2014 FDA public meeting: Study approaches & methods to
evaluate the safety of drugs & biologics during pregnancy in
the postapproval setting

— 2019 Postapproval Pregnancy Safety Studies Draft Guidance
published based on input from public meeting

— National and international collaborations
— Sentinel Initiative’s expansion of capabilities
— PDUFA VIl commitments



Background

There are approximately 5.5 million pregnancies in the U.S./year

Pregnant individuals may need treatment for chronic or acute
conditions

Pregnant individuals have historically been left out of drug
development trials

Most drugs are approved with only nonclinical reproductive
toxicology data

Human safety data are important to inform labeling and clinical
care

— these data are generally collected postapproval
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Pregnancy Postmarketing Requirements

Pregnancy safety studies can be required under section
505(0)(3) of the FD&C Act

Lack of a safety signal in nonclinical reproductive toxicology data
does not indicate that a drug is safe to use in pregnancy

Lack of human pregnancy safety data is a safety issue

Congenital malformations due to drug exposure in pregnancy
are serious adverse events®

Historically, pregnhancy registries have been issued as
postmarketing requirements/commitments (PMRs/PMCs)

More recently, 2 types of pregnancy PMRs (a pregnancy registry
and a complementary database study) have been issued in CDER

*21 CFR 312.32 (a)
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REVIEW (@ Full Access

A review of pregnancy and lactation postmarketing studies
required by the FDA

Jason Krastein, Leyla Sahin B2« Lynne Yao
First published: 19 November 2022 | https://doi.org/10.1002/pds.5572
Full Text@FDA Library

Prior posting and presentation: Preliminary results from this study were presented as a poster at the FDA
Science Forum on May 26t , 2021.

i= SECTIONS = PDF ¥ TOOLS <« SHARE

Abstract

Since pregnant and lactating women have historically been excluded from drug
development trials, safety studies need to be conducted postapproval. This study
evaluated FDA's Post Marketing Requirements for pregnancy and lactation studies from

November
2022



Trends in Pregnancy and Lactation PMRs

Number Of PMRs Issued 2007-2020
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M Lactation ™ Pregnancy

Note: There are existing disease-based pregnancy registries rather than PMRs in
certain therapeutic areas (antiretrovirals, antiepileptics, and psychiatric drugs)
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Postapproval
Pregnancy Safety
Studies

Guidance for Industry

DRAFT GUIDANCE

This guidance document is being distributed for comment purposes only.

Comments and suggestions regarding this draft document should be submitted within 60 days of
publication in the Federal Register of the notice announcing the availability of the draft
guidance. Submit electronic comments to https://www.regulations.gov. Submit written
comments to the Dockets Management Staff (HFA-305), Food and Drug Administration, 5630
Fishers Lane, Rm. 1061, Rockville, MD 20852. All comments should be identified with the
docket number listed in the notice of availability that publishes in the Federal Register.

For questions regarding this draft document, contact (CDER) Denise Johnson-Lyles at 301-796-
6169 or (CBER) the Office of Communication, Outreach, and Development at 800-835-4709 or
240-402-8010.

U.S. Department of Health and Human Services
Food and Drug Administration
Center for Drug Evaluation and Research (CDER)
Center for Biologics Evaluation and Research (CBER)

May 2019
Clinical/Medical

INS26:01 doxcx
NI

Published in 2019

Guidance undergoing
revision
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Highlights of Draft Guidance

Pregnancy
Registries

Surveillance
Programs/

Descriptive
studies

EHD=Electronic healthcare data
PV=Pharmacovigilance

15



Pregnancy Registries

Prospective observational cohort study

Pregnant individuals are enrolled and followed until the
outcome occurs (live birth, miscarriage, termination, stillbirth)

Disease matched comparator cohort (unexposed to the drug of
interest) is enrolled

Infants are followed up to one year of age

Outcomes that are assessed: major malformations, patterns
of malformations, miscarriage, termination, stillbirth, preterm
birth, small for gestational age, etc.

16



Advantages of Pregnancy Registries

Real time prospective data collection

Clinical data obtained from the pregnant individual:
— Can confirm that the drug was taken

— Can confirm when the drug was taken (gestational timing of exposure),
dose, duration

— Covariates (smoking, alcohol, drugs, etc.), clinical information

Clinical data from medical records (obstetrical, neonatal/pediatric,
medical specialist treating the condition)

Can capture non live birth outcomes (miscarriage, pregnancy
termination (may be for a fetal malformation), and stillbirth)

Medical records of infants with birth defects are reviewed by
experts; allows for clinical judgment

Some registries have dedicated experts that assess all newborns

17



Limitations of Pregnancy Registries

Small sample size due
to challenges with
enrollment

Takes a long time to
complete

Selection bias

18



Database Studies

Generally, retrospective cohort study with claims data
Requires mother-infant linkage

Disease matched cohort(s) (unexposed to the drug of interest)
Validation needed for:

— Algorithms that estimate pregnancy start date
— Positive predictive value of ICD codes

19



Advantages of Database Studies

Potential to have a larger sample
size/greater power; assessment
of specific major malformations

Potential to complete study
faster

No recruitment/enrollment
challenges




Limitations of Database Studies

Exposure and timing of exposure cannot be confirmed: based
on pharmacy dispensing
— Particularly for drugs used as needed

Potential exposure misclassification (estimates based on
algorithms)

Potential outcome misclassification (based on ICD codes)
Non-live birth outcomes are poorly captured

Some covariates not well captured (e.g., obesity, smoking,
alcohol, drugs, etc.)

21



Considerations for when Exposure
in Pregnancy is Expected to be Uncommon

 Adequately powered pregnancy registry or database study may
not be feasible

— E.g., rare disease, labeling contraindicates use in pregnancy based on
animal reproductive toxicology study results, pharmacological class

* Potential Role for Descriptive Pregnancy Safety Study
— Previous terminology was “pregnancy surveillance program”
— Systematic collection of pregnancy-specific data
— Includes prospective and retrospective data collection
— May be part of an existing disease registry (e.g., rare disease registry)
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Task Force on Research Specific to
Pregnant Women and Lactating
Women (PRGLAC)

Required under the 215t Century Cures Act of 2016

Objectives: Identify and address gaps in knowledge and
research regarding safe and effective therapies for pregnant
women and lactating women

Reports and recommendations submitted to the Secretary
of the Department of Health and Human Services in 2018
and implementation report completed in 2020

An oversight committee is being formed to monitor

implementation
24



PRGLAC Recommendations (Pregnancy Safety)

Increase the quantity, quality, and timeliness of research involving therapeutic
products used by pregnantwomen

Implement a proactive approach to protocol development and study design
* Develop a systematic plan for timely collection of data (including safety data) in pregnant
women
Optimize pregnancy registries
 Expand the use of disease-based pregnancy registries
* Facilitate access to data and transparency of information in registries

Utilize and improve existing resources for data to inform the evidence and
provide a foundation for research on pregnant women
e Design health record systems to link mother and infant records

* Leverage large studies and databases including health systems, health plans, surveillance
systems, electronic medical records, registries

25



Global Efforts to Advance
Pregnancy Safety Data Collection

H Ith
. * Cgﬁatda

Pregnancy and Lactation cluster

Assuring Access to Safe Medicines in
Pregnancy and Breastfeeding

Eja.net Nooney', Shannon Thor?, Corinne de Vries’, John Clements', Leyla Sahin®, Wei Hua®, Darcie Everett®
| Cosimo Zaccaria®, Robert Ball, Agnes Saint-Raymond?®, Lynne Yao®, June Raine' and Sandra Kweder™*

: senting the Medicines and Healthcare products Regulatory Agency
{(MHRA) [Correction added on 22 May 2021, after firse online
publication: The abbreviation of a government agency (MHRA) has
: been corrected to Medicines and Healtheare products Regulamry
Agencyl], the US Food and Drug Administration (FDA), and the
i European Medicines Agency (EMA) met for 2 days in 2020 to con-
 sider how to address these important public health issues more glob-
ally. Our discussions revealed common thinking on the direction
i needed for progress. We write here to raise the key issues athand and |
the foundations for lannchinga pach for change. :

| HISTORICAL BACKGROUND

The health of the child begins with the healch of the mother.
: Yet, there is a persistent dearth of data to support clinical deci-
sion making in pregnant and breastfeeding women, risking in- :

! adenmate inanneooriate or lack of trestment ane of achich can | L clinical oestroenes reoaltine in anescrsinee shosst tranclatine fnd.

Scientists and regulators in Europe and the United States continue to seek methods and strategies to improve
: knowledge on rational use of medicines for pregnant and breastfeeding populations, an important subset

of women's health. Regulatory agencies have made strides toward improvement, but much more is needed.
Recognizing the importance of international collaboration, we have begun to consider how to address these
E_Importam public health issu

es more gl

iobally. The health of the child begins with the health of the mother.

Scientistsand regulators in
+ scek methods and strategiies to improve knowledge for rational use of
: medicines for pregnantand breastfeeding populations, an important | vaccination in pregnancy was critical in removing a "not recom-
subset of women’s health. Regulatory agencies have made strides to- | i mended in pregnancy”™ caregorization of permussis vaccines in
$ ward improvernent (Table l};bu:muchmr:isnrtdcd.Rccu-gnLﬁngi EEI.II"DPC.” Clinical trials of vaccines to prevent HIN1 influenza !
the importance of international collaboration, the anthors, repre- | during the 2009 pandemic contributed to the body of knowledge

(On the other hand, there have been recent efforts to close these
nformation gaps. For cxample, observational data on pertussis !

Europe and the United States continue to

i on the safery of inactivated influenza vaccines in pregnancy, which |
isupporeed public health outreach that led to increased seasonal
i and pandemic influenza vaccine coverage among pregnant waomen
n the United Stares,™
i 5ill, when considering use of the majoricy of medicines, women
iand healthcare providers are placed in an impossible position—
: needing to make healthcare decisions in an information vacoam.

| NONCLINICAL :
i New medicines are usually supported by nonclinical stmdies to assess |
i i potential reproductive toxicicy, from conception through embryo-
fetal stages, birth, and sexual maturation.'™ éG:n:raJ]]-‘ intended as
nformed screening teses, these can also provide insight to potendal
risks associated with in wferp exposure. However, it is well known
i that outcomes in animal testing do not necessarily correlate with

CLINICAL PHARMACOLOGY & THERAPEUTICS|
VOLUME 110 NUMBER 4 | October 2021







PDUFA VIl Pregnancy Safety Commitments

“The framework would specifically address the use of
pregnancy registries and electronic healthcare data
sources including Sentinel, with a goal of ensuring the
most efficient means of obtaining highest quality
safety data available.”

5 demonstration projects and MAPP or guidance to be
developed through fiscal year 2027

28



Summary

Lack of safety data in pregnant individuals is a public health
Issue

Further efforts needed to optimize postapproval pregnancy
safety studies

Stakeholder collaborationis essential
Purpose of this meeting: seek input from stakeholders on:

— The development of a frameworkto optimize postapproval pregnancy
safety studies

— The proposed demonstration projects to fill in the data gaps

29



Thank You
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Session 1: Stakeholder Petrspectives on the
Impact of Postapproval Pregnancy Safety
Studies

Moderator: Megan Clowse, Duke University School of Medicine
Speakers:

Mariah Leach, Mamas Facing Forward

Keele Wurst, GlaxoSmithKline

Katherine Wisner, Asher Center, Feinberg School of Medicine, Northwestern
University

Geeta Swamy, Duke University School of Medicine
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Workshop
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Break

Workshop will resume at 11:20 a.m. EST
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Session 2: Stakeholder Perspectives on Challenges
and Opportunities to Optimize Postapproval
Pregnancy Safety Study Types and Designs

Moderator: Geeta Swamy, Duke University School of Medicine
Speakers:
Christina Chambers, University of California San Diego
Jessica Albano, Syneos Health
Christine Olson, Centers for Disease Control and Prevention

Elyse Kharbanda, HealthPartners Institute
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MotherToBaby Pregnancy Registries Perspective

Christina Chambers, PhD, MPH

Distinguished Professor, Department of Pediatrics

Herbert Wertheim School of Public Health and Human Longevity Science
and Skaggs School of Pharmacy and Pharmaceutical Sciences

UC San Diego School of Medicine, La Jolla CA

FDA Public Workshop
September 18-19, 2023
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&« - C & mothertobaby.org
%S English v

Q 866.626.6847

MotherToBaby

ABOUT v EXPOSURES v STUDIES v HEALTH PROFESSIONALS v MEDIA v INYOURAREA OTIS v CONTACT

Is It Safe for Me and My Baby?

Expert, confidential & no-cost information about medications and other
exposures during pregnancy and breastfeeding by phone, text, email and chgs

ASK OUR EXPERTS J

- UCSan Diego O MotherToBalby VAMPSS( )
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* MotherToBaby is a service provided by the non-profit Organization of
Teratology Information Specialists (OTIS) established in 1980’s

» 14 services currently funded by HRSA, CDC and other State sources
* MotherToBaby services provide individualized, evidence-based information

to pregnant and lactating persons, health care providers, and the public
about safety of medications, vaccines, infections, and other exposures they
may have had already or are anticipating during pregnancy and lactation

- UC San Diego O MotherToBaby VAMPSS( ’
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Q 866.626.6847

ABOUT v EXPOSURES v STUDIES v HEALTH PROFESSIONALS v MEDIA v INYOUR AREA OTIS v CONTACT

@ MotherToBaby

MotherToBaby Pregnancy Studies

Ongoing Studies: Providing Better Information on Medication Safety in Pregnancy
UC San Diego 0 MotherToBaby ~ VAMPSS ( )
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The MotherToBaby Pregnancy Registry recruits exposed and
unexposed pregnant persons in US and Canada to compare outcomes:

Major structural birth defects overall and a specific pattern identified up to one year of
age

Pattern of minor structural anomalies among infants who receive a study-related
physical examination

Spontaneous abortion/stillbirth

Preterm delivery

Birth weight, length, head circumference

Postnatal growth

Serious infections, malignancies in first year of life

Short and longer-term neurodevelopmental outcomes

O MotherToBaby VAMPSS( ’
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Pediatric medical
record review 12

Interim interviews Outcome interview &

20-22 wks medical record months; Ages and
32-34 wks interview Stages developmental
gestational age  0-6 wks post-delivery assessment
| |
VU G S | o
Enrollment
<20 wks gestational Delivery/end Dysmorphological
age of pregnancy exam for infant
aged 6-12
1 | months;
cohort | cohortl— opnort 111 photographs
medication ~ diseased healthy
exposed MELENEE comparison
comparison



Pregnancy registries are typically underpowered to evaluate risk/safety for specific
congenital anomalies

Even if a registry is adequately powered to rule out a 2-3 fold increased risk of major
congenital anomalies combined, this is not what we expect of a teratogen — we
expect that specific anomalies/clusters of anomalies will be induced

Goal is to first rule out a thalidomide/isotretinoin/mycophenolate and then maybe a
valproic acid

Requires careful evaluation/accurate classification of congenital anomalies in the
context of gestational timing of exposure/biological plausibility, and consistency of
patterns

Teratogens also often associated with a range of adverse outcomes including
increased risks for pregnancy loss, growth deficiency, etc.

O MotherToBaby VAMPSS( ’
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* Registry focus is on a range of outcomes

- Standard 1 + years of follow-up
 Addition of study-related physical exam for minor anomalies, specifically a pattern
« Source of data on exposure (truth) is directly from the mother

* Internal comparator groups recruited and followed in the same manner for the same
follow-up period

« Assessmentof a wide range of potential confounders including co-exposures that
are unlikely to be obtainable, or obtained reliably, from any other source

m/}g: UC San Diego O MotherToBaby VAMPSS ( ,’

=
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* Time and resources

« Often relatively limited diversity in SES and race/ethnicity of the
sample

 Typically small sample sizes
- Statistical power issues exacerbated if the exposure is intermittent

* One study Is only one study

/i ). UC SanDiego O MotherToBaby VAMPSS( )
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American Academy of Allergy Asthma and Immunology
Michael Schatz, MD, MS
Jennifer Namazy, MD

Prospective Cohort _
Case-Control Surveillance Database Study

MotherToBaby

Research Center
at the University of Mahsa Yazdy, PhD, MPH

California San Diego Allen A. Mitchell, MD
Christina Chambers, PhD, MPH (consultant)
Kenneth Lyons Jones, MD

CDCBD Steps : Ha.rvard Program :
in Perinatal and Pediatric

Pharmacoepidemiology
Sonia Hernandez-Diaz, MD DrPH
Krista F. Huybrechts, MS PhD

Independent Advisory Committee
National Institute of Child Health and Human Development
Centers for Disease Control and Prevention
American College of Obstetricians and Gynecologists
American Academy of Pediatrics
American Thoracic Society, Biostatistician
Consumer Representative
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Vaccine

R

a9 Vaccine
£ _%!‘ Volume 34, Issue 37, 17 August 2016, Pages 4443-4449
ELSEVIER -

Safety of the 2010-11, 2011-12, 2012-13, and
2013-14 seasonal influenza vaccines in pregnancy:
Birth defects, spontaneous abortion, preterm

delivery, and small for gestational age infants, a
study from the cohort arm of VAMPSS %

Christina D. Chambers ® b T2 &, Diana L. Johnson 2 Ronghui Xu b, £, Yunjun J. Luo 3, Carol Louik d, f, Allen A.
Mitchell d’f, Michael Schatz & {, Kenneth L. Jones {,the OTIS Collaborative Research Group 1
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Safety of the 2011-12, 2012-13, and 2013-14
seasonal influenza vaccines in pregnancy: Preterm

delivery and specific malformations, a study from
the case-control arm of VAMPSS %

Carol Louik > 4, Stephen Kerr d Carla M. Van Bennekom ® 4, Christina Chambers ® ¢, Kenneth L. Jones b,d
Michael Schatz & 9, Allen A. Mitchell ¢ & &




Results

Years of Target Sample Lost to follow- included in
Product Design Enrollment Size up Product Label
Etanercept 3 prospective 2000-2012 830 (370 4% Yes
cohorts exposed)
Adalimumab 3 prospective 2004-2016 602 (257 7% Yes
cohorts exposed)
Vedolizumab 3 prospective 2015-2020 300 (100 6% Final Analysis
cohorts exposed) Completed
Certolizumab 3 prospective 2012-2019 450 (150 9% Final Analysis
cohorts exposed) Completed
Dupilimab 3 prospective 2018-date 600 (200 3% Expect
cohorts exposed) completion 2024
Pfizer-BioNTech 2 prospective 2021-2023 2000 (1100 Not yet Enrollment
Covid-19 Vaccine cohorts exposed) determined Completed




Years of Target Sample Sample Size
Product Design Enroliment Size Achieved

Tocilizumab 3 prospective 2010-2022 300 (100 exposed) | 226 (34 exposed)
cohorts

Tofacitinib 3 prospective 2013-2022 300 (100 exposed) | 211 (11 exposed)
cohorts

Mepolizumab 3 prospective 2016-2022 800 (200 exposed) | 291 (23 exposed)
cohorts

O MotherToBalby VAMPSS( ’
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 If the prevalence of use in pregnancy is sufficient

Having an ongoing open cohort platform that requires no set-up time
Engagement with the pregnant woman that leads to high retention rates
Ability to classify outcomes using multiple sources of data, including study-

related expert assessments for outcome

Ability to confirm actual exposure, dose and gestational timing

Ability to acquire data on covariates not typically available through other
data sources (substances, OTC, fever, herbal products), as well as
measures of disease severity/disease-matched comparators

Ability to do broad and extended follow-up if needed, including responding

to a signal

O

MotherToBaby

PREGNANCY STUDIES

VAMPSS ¢
Vacoines and Medications in ( ’
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* [n etanercept reqistry, a specific pattern of three or more minor anomalies
was identified in 6 children who received the study-related physical
examination; one had an associated major congenital anomaly

* In follow-up, these families were recontacted, received a second
examination by a different study physician, and examination of the parents
for the same anomalies

* Five of the six children received face-to-face neurodevelopmental testing

* The evaluation of the signal led to no further concerns generated

2
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 If the prevalence of use in pregnancy cannot be reliably predicted to be rare

« Important to plan for a feasibility period
« Important to have an additional source of population data to confirm or

refute evidence for low use
* Need an approach to interpretation of small numbers if that's all that can
be obtained — i.e., can the data support the statement that this is not “a

thalidomide”

SO
g : UC San Diego O MotherToBaby VAMPSS( ’
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« We can build on efficiencies associated with disease-based registries — |
would take that one step further and say we would greatly benefit in efficiency
and productivity by establishing a single U.S. pregnancy registry to serve as a
signal detection system for all new drugs, irrespective of prevalence of use

« Important when pregnancy registries are initiated that they not function in a
vacuum — we need coordinated efforts across data sources

=
(7)) UCSanDiego @ Moherlotcoy  VAMPSS )
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Disclosures

— | am a salaried employee of Syneos Health, the contract research organization that
conducts the Antiretroviral Pregnancy Registry (APR); | own company stock

— The APR is a collaborative study jointly funded by the following manufacturers:

AbbVie Lannett Company Inc.
Alvogen Laurus Labs Limited
Amneal Pharmaceuticals LLC Lupin Pharmaceuticals Inc.
Apotex Inc. Macleods Pharmaceuticals Ltd.
Boehringer Ingelheim Pharmaceuticals Inc. Merck & Company Inc.
Bristol-Myers Squibb Company Mylan Laboratories
Celltrion Inc. Pharmascience Inc.
Cipla Ltd. Qilu Pharmaceuticals Co. Ltd.
Gilead Sciences Inc. SigmaPharm Laboratories
Hetero Labs Limited Strides Pharma Science Limited
Hikma Pharmaceuticals USA Inc. Teva Pharmaceuticals USA Inc.
Janssen Scientific Affairs LLC ViiV Healthcare

L
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—— Introduction

Multi-product / disease-based
pregnancy exposure registry

« Cohort definition:
— exposure to specific drug(s)

regardless of indication;
typically all marketed brand
and generic versions

— diagnosis of a specific
disease regardless if treated

or untreated

g b)
Syneos.
Health

) Combination products

Complex multi-drug
treatment regimens

Polytherapy and
polypharmacy

Appropriate
study design

situations: Frequent new product

approvals

() Internal comparisons

() Confounding disease or
population characteristics

© 2023 Syneos Health®. All rights reserved. Authorized use only. 55




Introduction

« 200 exposures can rule out a 2-fold 1 in overall birth defects

100

Defect type Population rate
— All major 3/100
=== Heart & circulation 1/115
— G-U 1/135
-—- CNS eye 1/235

m— (_|ub foot 1/735

10

Overall defect
Prevalence 3%

Relative risk (detectable at 80% power)

0
20 50 @ 400 1000 2000
Number of live births observed
S neosb
y Heal‘[h® Watts DH. Curr HIV/AlDS Rep 2007,4135'140 © 2023 Syneos Health®. All rights reserved. Authorized use only. 56



Introduction

« 2000 exposures can rule out a 3-fold 1 in more rare birth defects

Jile Neural tube defect Defect type Population rate
. Prevalence 0.1% — All major 3/100

N === Heart & circulation 1/115
— G-U 1/135

-~ - CNS eye 1/235

T~ m— (C|ub foot 1/735
) 1/930

10

-
-
o
-
-
-
£l
-
-
-
-
-
-
L]
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Relative risk (detectable at 80% power)

Overall defect / - ‘“__L_:;:- | RR 2.0
Prevalence 3% l -
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20 50 (200) 400 1000 (2000

Number of live births observed
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The Antiretroviral
Pregnancy Registry




Background: Antiretroviral Pregnancy Registry

Voluntary, international, prospective exposure-registration cohort study

Designed to assist clinicians and patients in weighing potential risks and benefits of
HIV treatment during preghancy

Provide early warning signals of major teratogenicity

- Estimate prevalence of major birth defects and compare to the general population
Supplement animal toxicology, clinical, and epidemiological study data
Ongoing since 1989; fulfils FDA post-marketing commitments

— Currently 24 sponsoring manufacturers

Monitors prenatal exposures to 164 drugs: 61 brand-name single-entity drugs or fixed-dose
combinations; 136 generic versions

HIV treatment and prevention (PEP, PrEP)
° HBV treatment

L
Syneos.
Health

© 2023 Syneos Health®. All rights reserved. Authorized use only. 59



Methods: Antiretroviral Pregnancy Registry

Primary outcome is prevalence of major birth defects
— Infants are not followed after birth

-~ Was not designed to formally evaluate premature birth, low birth weight, small for
gestational age or developmental delays

Analysis is multi-tiered

— Overall prevalence for all drugs being monitored

— Atthe drug class level

— At the individual drug level

-~ Commondrug combinations or treatmentregimens
Comparison groups

— External (background) reference group(s) MACDP, TBDR

— Internal comparison group(s)

Syneos})

Health © 2023 Syneos Health®. All rights reserved. Authorized use only. 60



—— Methods: Antiretroviral Pregnancy Registry

» Evaluating potential signals using multiple internal comparison groups

Unexposed to Drug A

EarliestExposureto Drug A = 2" or 3'd Trimester

Never Exposed to Drug A

Exposed to Other drugs in 18t Trimester excluding Drug A

Exposed to Drug A

Earliest Exposure to Drug A = 18t Trimester

«
Syneos})
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—— Results: Antiretroviral Pregnancy Registry

Prospective Cases with Follow-up Data

%o Contribution
T170%

0.00%

e Powernsd by Bing
@ A sstralian Bureau of Stalistics, Geahlarmes, Microsoft, Navinfo, OpenSiresthap, TomTom, Zanrn

«
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— Results: Antiretroviral Pregnancy Registry

5
o 3
Defects/Live Biths  Prevalence (%) Lower 95% CI Upper 95% CI = F
Lamiwidine - 1735613 3.08 2.64 .57 t=—
Tenofour OF 7 125/4840 258 215 3.07 FeH
Emtricitabine 1 134/4567 2.93 2.48 3.47 He—
i > Zidowdine-| 136/4252 3.20 2.69 3 e
> ARVS Wlth - Ritonavr-{ B88/3554 248 1.8 3.04 e
200 first Atazanair+ 371478 2,50 1.77 3.43 et
. Abacavr-| 47/1455 3.23 2.38 4,27 H—e—
trimester Lopinandir- 30/1451 2,07 1.4( 2,94 ——
Melfinavrq 4711216 3.87 2.85 511 e |
exposures Efavirerz | 28/1193 2.35 1.56 3.37 e
Mewirapine-| 36M178 3.08 2.15 4.21 e
Tenofour Alafenamide-  36/915 3.83 amn 5.41 . I
Dolutegravr-|  29/874 3.32 2.23 473 e I
» MACDP Stawdine4  21/811 2.59 1.61 393 —e—
0 Darunanir 4| 27737 3.66 243 529 I & I
272 /0 (268’ Rilpivirine-| 14/668 210 1.15 3.49 F—a——
2.7 6) Raltegravir-| 22/570 3.88 243 574 I & I
CobicislalH 20/580 3.57 215 548 I & I
Ehategraur- 13/432 3.01 1.61 5.09 | =) |
Didanosine | 20/427 468 2.88 7.14 I & I
» TBDR Bicteoravr- 14324 47 238 7.14 : - |
Indinavir-  7/289 2.42 0.98 493 | & I
417% (4151 Telbivudine 7 37234 1.18 0.24 3.41 —e——1
4 19) First Timester APR - 34A/11TRT 2.96 2,66 3.28 e
' Any Trimester APR 1 631/21636 2.02 2.70 345 e
MACDE 2.0 2.68 276 T
TBOR A 4.17 4.15 419 N S
o1 2 3 4 5 6 7 8 9
C Pravalence (%)
‘) MACDP = Metropolitan Atlanta Congenital Defects Program; TBDR = Texas Birth Defects Registry
Syne°5® Note: Confidence intervals are calculated using the Clopper-Pearson exact binomial method . )
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—— Governance Structure: Antiretroviral Pregnancy Registry

Advisory Sponsor
Committee Representatives

APR
Steering
Committee

Coordinating

Consultants Center

«
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Summary: Antiretroviral Pregnancy Registry

In reviewing all reported defects from the prospective registry, informed by clinical studies and
retrospective reports of antiretroviral exposure, the Registry finds no significant increases in
frequency of birth defects with first trimester exposures compared to exposures starting later
in pregnancy and no pattern to suggest a common cause. While the Registry population
exposed and monitored to date is not sufficient to detect an increase in the risk of relatively
rare defects, these findings should provide some assurance for patient counseling. However,
potential limitations of registries such as this should be recognized. The Registry is ongoing.
Given the use of new therapies about which data are still insufficient, healthcare providers are
strongly encouraged to report eligible people to the Registry at SM_APR@APRegistry.com via
the data forms available at wwvw.APRegistry.com.

Syneos})

Health © 2023 Syneos Health®. All rights reserved. Authorized use only. 65
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Making the Case for Consolidated Collaborative Registries
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Making the Case for Consolidated Collaborative Registries

Advantages
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CDC COVID-19 Vaccine Pregnancy Registry

Optimizing the Use of Post-approval Pregnancy Safety Studies
September 18, 2023

Christine Olson, MD, MPH
Captain, U.S. Public Health Service
Co-lead, CDC COVID-19 Vaccine Pregnancy Registry
Immunization Safety Office, Division of Healthcare Quality Promotion
Centers for Disease Control and Prevention (CDC)



Objectives

= Describe concept and implementation of the CDC COVID-19 Vaccine
Pregnancy Registry

= (Operations Overview
— Enrollment and data collection
— 2-phase approach
— Cohort description

= Successes and challenges




CDC vaccine safety monitoring™

VAERS VSD
Immunization
Safety
Office
/ DETECT
CI SA | ifegnancy Registry

*Vaccine Adverse Event Reporting System (VAERS) (co-managed by CDC and FDA); Clinical Immunization Safety Assessment
(CISA) Project; Vaccine Safety Datalink (VSD); Data Exploration and Technology (DETECT)




COVID-19 and Pregnancy

= COVID-19 vaccines first available December 2020

= Limited data available about COVID-19 vaccine in pregnant people
— Excluded from phase 3 clinical trials
— Only developmental and reproductive toxicity (DART) animal data available at vaccine roll-out

= Assumptions

— Pregnant and recently pregnant people more likely to get severely ill from COVID-19 than non-
pregnant based on physiology and prior experience with novel respiratory viruses (e.g., HIN1)

— Likely lower uptake of a new vaccine in pregnant population than non-pregnant population




Conception and implementation of the registry

= Collaborative effort between CDC’s Immunization Safety Office, Division of Birth
Defects and Infant Disorders, and Division of Reproductive Health

= V-safe After Vaccination Health Checker - new, voluntary smartphone-based safety
surveillance system for adverse events after COVID-19 vaccination (Dec 2020)

= Used v-safe enrollments to identify individuals who were pregnant or became
pregnant after one of their primary series vaccine doses

= Readily available convenience sample of recent vaccinees potentially eligible for
pregnancy registry to monitorin real time

= Participant enrollment began January 2021 when vaccines initially available
— Cohort needs met by volume of individuals who had enrolled in v-safe by June 2021




Goal and framework

= Goals

— Monitor for adverse outcomes of interest in pregnant people receiving COVID-19 vaccines in a
systematic and rapid way to identify early safety signals, characterize the safety profiles of
COVID-19 vaccines in pregnant people, and supplement existing passive and active
surveillance systems

* Framework

— Up to 5 interviews during and after pregnancy collecting participant-reported data
— Medical record acquisition/abstraction for those who consent and have outcomes of interest

— Analyze self-reported data initially by chronologically available outcomes; requires clinical
review step for some outcomes (e.g., stillbirth, birth defects)

— More robust analyses later after medical record information available for confirmation of,
and more detail about, outcomes of interest




Outcomes of interest

Obstetric Neonatal and Infant
Pregnancy outcomes (live birth, stillbirth, . Birth defects
SAB*, other) . .

o . Birth weight

Pregnancy complications (hypertensive o
disorders of pregnancy, gestational - Neonatal ICU admission
diabetes, COVID-19, preterm delivery) - Neonatal/infant death
Maternal ICU admission . Other infant health conditions

Postpartum complications Infant hospitalization

*SAB = spontaneousabortion (fetal loss < 20 weeks' gestational age)

In bold: Outcomes for which medical records requested (for SABs only if 2 14 weeks' GA; for birth defects,
only if additional information needed after clinical review of interview data)



Enrolled cohort and data flow
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CDC COVID-19 Vaccine Pregnancy Registry — enrollment and data collection

after vaccination
health checker

v-safé"s)

* Active, smart-phone
based monitoring
system for COVID-19
vaccines

* Voluntary self-
enrollment

* Started DEC 14, 2020

Individuals
Reporting
Pregnancy*

Eligibility Screening®

Reported a pregnancy
into v-safe DEC 14, 2020
—JUN 18, 2021

18+ years of age
Speak English or Spanish

Pregnant at time of
vaccination or during
peri-conceptional period

Eligible
Individuals

Phase 1:
Preconception to 3 months

Consent for registry
enrollment and follow-up

F b Yo

\5\\ Phone call at Phone call >3
20-24 weeks

Birth & Postpartum

\\;'\\ Phone callat
& 30-34 weeks

@ Phone call within 4-8
N e

T
N months after birth

* Survey included:
* Demographics, health over pregnancy
* Pregnancy outcome
* Birth hospitalization, postpartum
* Infant health to 3 months of age

* Consent obtained for medical records

| —

Eligibility:
Participants who
were not lost to
follow-up or did
not opt out of
follow-up

Phase 2:
Through 15 months

Extended follow-up

srnsresparum ] Eadyinioncy [l Tvougn 5 morths

* Survey included:

* Pregnancy outcome (if unknown)

* Maternal health

* Infant health through 15
months of age

* Additional details on possible
/probable birth defect from
Phase 1

* Consent for medical records

*Pregnancy questions in v-safe assessments on first survey after each dose and on post-vaccination days 21 and 42 and months 3, 6, and 12

*Eligibility determined from verbal interviews and responses to 3-question on web-based v-safe follow-up survey received prior to May 31, 2021. Eligible individuals received COVID-
19 vaccination during pregnancy or periconceptional period (< 30 days before the first day of the last menstrual period before pregnancy)




COVID-19 Vaccine Pregnancy Registry - Enroliment

123,609 pregnancies reported into v-safe, Dec 2020 -Jun 2021

53% Called (65,000)
47% Not Called Language/DOB

not confirmed,

0.1% Not eligible, 5% .
Unreachable, £ MDe clined, 1%

32%

Refused
participation, 1%

Phase 1
97% Completed Phase 1

Requested no Assessed fo 2% Lost to Follow-up
Coracrlol6o S Enrolle 1% withdrew/deemed
Indicated eligibility, d ineligible

never (0]
pregnantin 20% (ng)’

PFUS, 11%
94%

No responseto
PFUS survey,
30%

PFUS — Pregnancy Follow-up Survey through v-safe platform



Characteristics of enrolled pregnancy registry participants

23,249* total eligible and enrolled participants who reported at least one
pregnancy into v-safe Dec 14, 2020 - June 18, 2021

NH-black Other

NH-Asian 2% 4%
6% * Mean age at first
Hishanic vaccination 33.5 years old
* 45% healthcare personnel
Pfizer .
BioNTech NH-white
58% 79%

*16 participants contributed >1 pregnancy 81




Timing of earliest COVID-19 vaccination during peri-conceptional period
or pregnancy among eligible pregnancies (n=23,265)

Peri-conceptional First Second Third
Trimester Trimester Trimester
N=2,301 N=6,464 N=9,206 N=5,293
10% 28% 40% 23%

Definitions: Periconceptional: <30 days before the first day of the last menstrual period (LMP) before pregnancy; Firsttrimester: tday of LMP to <14 weeks gestational age;
Secondtrimester: 14-28 weeks; Third trimester: 228 weeks.
Timing of earliest dose unknown for 1 pregnancy. 82



Monovalent booster dose

= Among enrolled participants, 8% received a booster during pregnancy; 62%
received a booster after pregnancy
Timing of booster dose by timing of first eligible dose

100

Timing of booster dose

(7))

‘g - B No booster at time of last
% contact

'g M Postpartum
o

- 50

= ® Third

[

(]

ud

2 25 " Second

Periconceptional First Second Third
n=2,301 n=6,464 n=9,206 n=5,293

Timing of first eligible dose




Phase 2 (Extended Follow-up)

= 21,197 of Phase 1 participants eligible for Phase 2
— Response rate (able to be reached by phone) =44.2%
— Completion rate (among those reached) = 96.6%

" Phone interviews conducted November 2022 — September 2023
" Completed Phase 2 interviews for 9,453 Phase 1 participants

84




Simplified Data Flow — Phase 1

Interview data

Medical records

¥

V

PreliminaryEarly Outcomes

>

Final Outcomes

</ |
Clinical Review1- .

based on interview
data alone

Medical records
requested &
abstracted

Clinical Review2 =
based on interview
data and available

medical record data




Birth Defect Identification and Classification

= C(Classified all reported fetal and infant health conditions as major, minor,
possible/probable birth defect or not a birth defect

= Coded all birth defects using the Metropolitan Atlanta Congenital Defects Program

* Included pregnancies with all outcomes (e.g., live birth, stillbirth, induced abortion,
spontaneous abortion)

* |Included any birth defects identified through 15 months of age




Accomplishments & Challenges
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Early Pregnancy Registry Data Use

Monitoring of reported outcomes as pregnancies progressed and interview data
accrued for deviations from expected background rates

Regular updates to the Advisory Committee on Immunization Practices'
(ACIP) COVID-19 Vaccine Safety Technical Work Group (VaST)
Public presentations at ACIP meetings
— September 22,2021
— October 19, 2022
Publications
— Preliminary Findings of mRNA Covid-19 Vaccine Safety in Pregnant Persons, NEJM June 2021
— Receipt of mMRNA COVID-19 vaccines preconception and during pregnancy and risk of self-
reported spontaneous abortions, CDC v-safe COVID-19 Vaccine Pregnancy Registry 2020-21,
NEJM Oct 2021
Preliminary data used to strengthen vaccine recommendations for COVID-19
vaccination of pregnant persons in any trimester, August 2021



CDC COVID-19 Vaccine Pregnancy Registry: advantages,
limitations, and realities

= Advantages: flexibility, potential for medical record confirmation of self-reported data
for subset of participants who consent, relative speed for earliest outcomes (SAB)

= Limitations:
— Biased toward earliest eligible recipients (and adopters) of vaccine (largely healthcare personnel)

— Time- and resource-intense, large volumes of data from two sources (interview & medical record)
—  Convenience sample, no control group

= Real-world experience:
— Unknown what pregnancy stage at time of vaccination from v-safe data, so unable to order calls
based on gestational age; many participants had delivered by time of first interview
— Over half of participant-reports of infant birth defects required medical record confirmation for
clarification
— Medical record acquisition/abstraction resource-intense with variable quality
— Balance between sensitivity and specificity (e.g., possible/probable birth defect inclusion)




Interview data and subsequent clinical review - challenges

* |Impact of more open-ended questions to improve feasibility of interview completion
—  Capture broader range of diagnoses
—  Lack of standardization
—  Use of text fields — coding challenges and unusable data

= Participant-report not standard approach for complex medical conditions
— lterative process to develop criteria for various conditions from participant-reported data
— Requires robust protocol for classifications

= Nuanced details needed for clinical adjudication often unavailable

= |nconsistency in reporting during the interview (e.g., birth defects, hypertension)

= Uncertainty if certain conditions noted during pregnancy had resolved in-utero or were still
present after birth (impacts birth defect classification)

= Time- and training-intense
— Interviewers, clinicians, subject matter experts (birth defects, pregnancy), data managers
— Impacts speed of results




Incorporation of medical record data — challenges

= Records not always obtainable (e.g., no consent, not found, not sent by facility)

— Variable facility requirements for medical record release of patients

= Incompleterecords (e.g., only one of "set" available: prenatal, delivery, outpatient infant)

= Discrepancies within records (dates of diagnoses, diagnostic terms among providers,
repetitive procedures with different results, etc.)

= Hand-written records, lack of standardization across multiple platforms (e.g., prenatal
flow sheet)

= Certain types of errors may not be detected by quality checks
= Requires robust protocol and training of abstractors

=  Time-intense

— Re-abstractions, data quality checks, comparisons of record abstractions, feedback to abstractors




In retrospect...

= (Clearly define outcomes of interest— ideally narrow in scope, rather than open
ended, particularly for interview questions — requires prior determination of a more
limited set of study outcomes

=  Minimize number of text fields

= Plan specific analyses, prior to implementation, to guide data collection, including
specific definitions of key variables (e.g., pre-existing conditions)

= Recognize, acknowledge, and plan for likely discrepancies within data sources (e.g.,
hypertension in medical record) that will require decision-making
— Most challenging participant outcome: hypertension (pre-existing and gestational)

— Most challenging infant outcome: birth defects

Complex outcome of high importance

Often requires comprehensive medical records for confirmation




In retrospect (continued). ..

= |nclusion/exclusion criteria for multiples (including fetal reduction scenarios like
vanishing twin)
* (Clear and standardized definitions of birth defects

— Use of participant-report alone, while faster, is highly challenging to standardize and interpret

— Use of medical records available after first year of life is standard process for routine national
birth defect surveillance — challenging to acquire records, delays data collection and results

= Available control group — reliance on background rates, especially when those may
be fluctuating (e.g., during pandemic), is limiting
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For more information, contact CDC
1-800-CDC-INFO (232-4636)
TTY: 1-888-232-6348 www.cdc.gov

The findings and conclusions in this report are those of the authors and do not necessarily represent the
official position of the Centers for Disease Control and Prevention.
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Overview

e About HealthPartners Institute

 Background on Vaccine Safety Datalink
(VSD)

e Datastructure

 VSD studies on vaccine safety in pregnancy

* Stakeholder perspective on postapproval
monitoring of vaccine safety in pregnancy
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€» HealthPartners

Largest consumer-governed nonprofit health care organization
in the nation, founded in 1957, based in Bloomington, MN

Health Insurance

1.8 million medical and dental health plan members across
6 statesin the upper Midwest

Medical and dental care to patients in Minnesota
and western Wisconsin

Multispecialty group practice of >1,800 physicians
1.2 million medical and dental patients
8 hospitals, 55 community-based primary care clinics

~12,000 prenatal care patients with live births/year
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Institute Research v Education v About v Centers v TRIA Research and Education v Knowledge Exchange
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Research

On the path to discovery

HealthPartners Institute conducts a wide range of research to advance treatment, care and systems. This includes basic science

health services, clinical trials and quality improvement. We work with HealthPartners medical and dental teams

and health plan to

contribute to the learning culture of our health system

400+

4
t"" '
: Research studies

Research strengths Investigators Support and services

While our research portfolio is broad, we Our investigators are experts in fields Our cutting-edge research infrastructure

focus on several key areas of health and such as statistics, economics, supports more than 400 studies and

well-being. This focus has allowed us to epidemiology and medical specialties. projects each year. From statistical

build strong programs with local and We employ 37 core investigators and consultation to application development

national impact collaborate with nearly 400 other our high-quality services lead to research
researchers across HealthPartners
Learn about our strengths

Find an investigator

Nonprofit institute within
HealthPartners dedicated to high-
quality, public-domain health
research

Current or recently completed
projects at HealthPartners Institute
related to postapproval drug or
vaccine safety in pregnancy

 FDA -Sentinel

* NIH - Investigatorinitiated research on
antidepressants in pregnancy and on oral
corticosteroids in pregnancy

 CDC- Birth Defects Study To Evaluate
Pregnancy exposureS (BD-STEPS)

 CDC-Vaccine Safety Datalink (VSD)




Vaccine Safety Datalink (VSD)

The Vaccine Safety Datalink
(VSD) is a collaborative
project between CDC’s

Immunization Safety Office,
integrated health care

organizations, and networks
across the U.S. The VSD

monitors safety of vaccines
in use in the U.S., primarily
through observational
multisite studies of rare and
serious events following
vaccination.

Participating VSD Healthcare Organizations

Sites that do not provide data are denoted with an asterisk(*).

Kaiser Permanente

Washington ~._ Marshfield Clinic

HealthPann:ers Research Institute

Kaiser Permanente /

| / A
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* Denotes a non-data providing site

HealthPartners VSD team includes collaborators at Yale University, Cornell University,
University of Minnesota, University of lowa, Children’s Minnesota and Gillette Children’s



Vaccine Safety Datalink (VSD) data structure

* Distributed data model - each VSD site creates standardized
data files that can be used in multisite studies
e Define cohort
Inpatient/outpatient/ED diagnoses and procedures
Vaccines
Birth and death files

Dynamic pregnancy episode file — validated algorithms for identifying
ongoing and completed pregnancies, updated weekly
* Pregnancy start (LMP)
* Gestational age
* Pregnancy outcome (when available)
Mom-baby linkage
* Ancillary drug or lab files available ad-hoc for specific studies
* Automated data files supplemented with chart review, as needed

(0 » HealthPartners- Institute



Vaccine Safety Datalink (VSD) —expansion to study
vaccine safety in pregnancy

* Pregnant women generally not enrolled in clinical trials

* When trials are conducted in pregnant populations, insufficient power to
assess rare post-vaccination safety outcomes

* VVaccines may be recommended for use during pregnancy with
limited safety data

* Post-approval observational studies are needed but challenging

* VSD includes >3% of U.S. population, comprehensive data on
vaccine exposures, access to medical records as needed

* Increasing number of vaccines recommended in pregnancy
 Recommendations usually apply to all pregnant women

‘0’ HealthPartners- Institute



Timeline — vaccines recommended in pregnant populations

2009-AcIp 2010- 2012 -

prioritizes California ACIP recs

pregnant Deptof 011 -— Tdap in 2020-
womenfor Healthrecsaciprecs Presnancy ACIPrecs

1960 — US Public health HINIMIV Tdepin  Tgapin 2736 W0

service recommends PrEENAncy pregnancy weeksin v?:a:aenI:

pregnant people 2004 —influenza >20 weeks 520 weeks E€VE'Y apn gnancy,

prioritized for influenza vaccination preghancy t _V t

vaccination recommendedin \ \ / rimester
any trimester of ?

1 ST I

1960 2004 2010 2023
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VSD studies of vaccine safety in preghancy - Influenza

THE JOURNAL OF PEDIATRICS » www.jpeds.com ORIGINAL
ARTICLES
Maternal Influenza Vaccine and Risks for Preterm or Small for
Gestational Age Birth

James D. Nordin, MD, MPH', Elyse Olshen Kharbanda, MD, MPH', Gabriela Vazquez Benitez, PhD’, Heather Lipkind, MD, MS?,
Claudia Vellozzi, MD, MPH®, and Frank DeStefano, MD, MPH®, on behalf of the Vaccine Safety Datalink®

Objective To study the impact of influenza vaccine administered to pregnant women during all trimesters on the
rates of preterm and small for gestational age (SGA) births, evaluating both increased and decreased risk.
Study design This retrospective observational matched cohort study involved 7 Vaccine Safety Datalink sites
across the US for the 2004-05 through 2008-08 influenza seasons. Cohort eligibility and outcomes were determined
from administrative, claims, medical records, and birth data. In propensity score- and vaccine exposure time-
matched analyses, ORs for preterm and SGA births were calculated.

Results Among 57 554 matched vaccinated and unvaccinated pregnant women, including 16 240 women in the
first trimester, maternal vaccination was not associated with increased or decreased risk for preterm birth (OR for
delivery at <37 weeks gestation, 0.97 [95% Cl, 0.93-1.02); for delivery at =32 weeks gestation, 0.98 [95% Cl, 0.86-
1.12]; and for delivery at =34 weeks gestation, 0.96 [95% CI, 0.88-1.04]) or SGA birth (OR for <5th percentile weight
for gestational age, 1.02 [95% CI, 0.96-1.09], and for <10th percentile weight for gestational age, 1.00 [95% CI,
0.96-1.04]). Similarly, first trimester vaccination was not associated with increased or decreased risk for preterm
or SGA birth.

Conclusion Receipt of trivalent inactivated influenza vaccine during pregnancy was not associated with
increased or decreased risk of preterm or SGA birth. These findings support the safety of vaccinating pregnant
women against influenza during the first, second, and third trimesters, and suggest that a nonspecific protective

) : ) 106
effect of the influenza vaccine for these outcomes does not exist. {J Pediatr 2014,;164:1051-7).



VSD studies of vaccine safety in preghancy - Influenza

ORIGINAL www.jpeds.com * THE JOURNAL OF PEDIATRICS

ARTICLES ®

First Trimester Influenza Vaccination and Risks for Major Structural Birth
Defects in Offspring

Elyse Olshen Kharbanda, MD, MPH', Gabriela Vazquez-Benitez, PhD', Paul A. Romitti, PhD?, Allison L. Naleway, PhD,
T. Craig Cheetham, PharmD®, Heather S. Lipkind, MD, MS®, Nicola P. Klein, MD, PhD®, Grace Lee, MD, MPH’,
Michael L. Jackson, PhD, MPH?, Simon J. Hambidge, MD, PhD?, Natalie McCarthy, MPH'®, Frank DeStefano, MD, MPH™, and
James D. Nordin, MD, MPH', for the Vaccine Safety Datalink

Objective To examine risks for major structural birth defects in infants after first timester inactivated influenza
vaccine (lIV) exposures.

Study design In this observational study, we used electronic health data from 7 Vaccine Safety Datalink sites to
examine risks for selected major structural defects in infants after maternal IV exposure. Vaccine exposures for
women with continuous insurance enrollment through pregnancy who delivered singleton live births between 2004
and 2013 were identified from standardized files. Infants with continuous insurance enrollment were followed to 1
year of age. We excluded mother—infant pairs with other exposures that potentially increased their background risk

Results We identified 52 856 infants with matemal first trimester |1V exposure and 373 088 infants whose mothers
were unexposed to IV during first trimester. Prevalence (per 100 live births) for selected major structural birth defects
was 1.6 among first trimester |1V exposed versus 1.5 among unexposed mothers. The adjusted PR was 1.02 (95%

Cl 0.94-1.10). Organ Eyﬁtem EpEﬂlfIC PHE were 5|rn|lar t-u thE uerall F'FI

structural blrlh defects in this Iarge cohcn of 5|ngletnn live blrlhs (J Fediatr 291? 187: 234 -9).

influenza infections.' As such, pregnant women are a priority group for prevention through vaccination. Since 2004,

the Advisory Committee on Immunization Practices has recommended that women who will be pregnant during the

influenza season receive the inactivated influenza vaccine (1IV) in any trimester of pregnancy.” Although initial adherence with

these guidelines was low,” a national survey of women pregnant during the 2014-2015 influenza season noted that about 50%
reported receiving IIV before or during pregnancy.’
] L “ - 1
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P regnant women and newborns have long been recognized as being at risk for increased morbidity and mortality from

107



VSD studies of vaccine
safety in pregnancy - Tdap

Original Investigation

Evaluation of the Association of Maternal Pertussis
Vaccination With Obstetric Events and Birth Qutcomes

Elyse 0. Kharbanda, MD, MPH; Gabriela Vazquez-Benitez, PhD; Heather S. Lipkind, MD, M5;

Nicola P. Klein, MD, PhD; T. Craig Cheetham, PharmD, MS; Allison Maleway, PhD; Saad B. Omer, PhD;

Simon J. Hambidge, MD, PhD; Grace M. Lee, MD, MPH: Michael L. Jackson, PhD; Matalie L. McCarthy, MPH;
Frank DeStefana, MD, MPH; James D. Nordin, MD, MPH

IMPORTAMNCE In 2010, due to a pertussis outbreak and neonatal deaths, the California
Department of Health recommended that the tetanus toxoid, reduced diphtheria toxoid, and

acellular pertussis vaccine (Tdap) be administered during pregnancy. Tdap is now
recommended by the Advisory Committee on Immunization Practices for all pregnant
women, preferably between 27 and 36 weeks' gestation. Limited data exist on Tdap safety

during pregnancy.

OBJECTIVE To evaluate whether maternal Tdap vaccination during pregnancy is associated
with increased risks of adverse obstetric events or adverse birth outcomes.

ive health

women (adiusted RR. 1.19: 95% CL. 1.13-1.26).

RESULTS Vaccination was not associated with increased risks of adverse birth outcomes:
crude estimates for preterm delivery were 6.3% of vaccinated and 7.8% of unvaccinated fdap
women (adjusted RR, 1.03; 95% Cl, 0.97-1.09); 8.4% of vaccinated and 8.3% of unvaccinated
had an SGA birth (adjusted RR, 1.00; 95% Cl, 0.96-1.06). Receipt of Tdap before 20 weeks |
was not associated with hypertensive disorder of pregnancy (adjusted RR, 1.09; 95% CI,

0.99-1.20); chorioamnionitis was diagnosed in 6.1% of vaccinated and 5.5% of unvaccdnated

ngina
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crude estimates for preterm delivery were 6.3% of vaccinated and 7.8% of unvaccinated
women (adjusted RR, 1.03; 95% CI, 0.97-1.09); 8.4% of vaccinated and 8.3% of unvaccinated
had an SGA birth (adjusted RR, 1.00; 95% Cl. 0.96-1.06). Receipt of Tdap before 20 weeks
was not associated with hypertensive disorder of pregnancy (adjusted RR, 1.09; 95% Cl,
0.99-1.20); choricamnionitis was diagnosed in 6.1% of vaccinated and 5.5% of unvaccinated
wiarmen (adivsted BR 119- 9524 C1 1121 26}

Supplemental content at
jama.com



Vaccine

Contents lists available at ScienceDirect

B Gl T e
FI1 SEVIER journal homepage: www.elsevier.com/locate/vaccine -
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. . Tdap vaccination during pregnancy and risk of chorioamnionitis and )
VS D Stu d 1es Of vVaccine related infant outcomes =
1 Victoria Greenberg *, Gabriela Vazquez-Benitez”, Elyse 0. Kharbanda”, Matthew F. Daley ¢,
S a fety I n p reg n a n Cy = Td a p H]ung ]Fu Tseng “, Nicola P. lélein e &lEsnn L. I:Ia]eway ! Joshua T.B.

Williams 2, James Donahue”,

Lisa Jackson', Eric Weintraub’, Heather Lipkind ¥, Malini B. DeSilva'

4 MedStar Washington Hospital Center, Washington, DC, United States

B HealthPartners Institute, Bioomington, MN, United States

‘:J'nstimtefur Health Research, Kaiser Permanente Colorado, Denver, (0, United Stotes
4 Kniser Permanente Southern Califormia, Pasodena, CA, United Skobes

“ Koiser Permanente Voccine Study Center, Oakland, CA, United States

1'Cer.|l£:|'_|f|:|r Health Research, Kaiser Permanente Northwest, Portlond, OR, Umnited States
EAmbulatory Care Services, Denver Health, Denver, CO, United States

" Marshfield Clinic, Research Institute, Marshfield, W, United States

' Kmiser Permanente Washington, Seattle, WA, United States

| Immumization Safety Office, LLS. Centers for Disease Control and Prevention, Atlanta, GA, United States
“Weill Cornell Medicine, New York, NY, United States

| HealthPartners Institute, Bloomington, MN, Unifed Stotes

Results: We included 118,211 pregnant people; 103,258 (B7%) received Tdap vaccine during pregnancy,
8098 (V%) were diagnosed with choricamnionitis. The adjusted hazard ratio for choricamnionitis in the
Tdap vaccine-exposed group compared to unexposed was 0.96 (95% C1 0.90-1.03). There was no associ-
ation between Tdap vaccine and preterm birth or adverse infant outcomes associated with choricam-
nionitis. Chart reviews were performed for 528 pregnant people with choricamnionitis. The PPV for
clinical (probable or possible clinical choricamnionitis) was 48% and 59% for histologic chorioamnionitis.
The PPV for the combined outcome of clinical or histologic choricamnionitis was 81%.

Conclusions and relevance: Tdap vaccine exposure during pregnancy was not associated with chorioam-
nionitis, preterm birth, or adverse infant ocutcomes. ICD-10 codes for choricamnionitis lack specificity
for clinical choricamnionitis and should be a recognized limitation when interpreting results.
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nionitis, preterm birth, or adverse infant outcomes. ICD-10 codes for chorioamnionitis lack specificity
for clinical chorioamnicnitis and should be a recognized limitation when interpreting results.



VSD studies of vaccine safety in pregnancy —
Inadvertent exposures to HPV vaccine

 HPV vaccine is recommended to women of reproductive age, but not during
pregnancy

* Data presentedto FDA found in 9vHPV trials potential increased risk for
spontaneous abortion, as compared to 4vHPV, when vaccination occurred

within 30 days of pregnancy

Vaccination Vaccination
Distal vaccination peripregnancy  during pregnancy
9vHPV or 4vHPV 9vHPV 9vHPV
P I A 000000

-22 wk -16 wk -42 d LMP 6 wk 19 wk Pregnancy 12 mo

v end
Assess spontaneous v v
Assess SGA Assess

abortions )
and birth

preterm births  defects
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No. (%)

Risk of event

During pregnancy or

Distal Peripregnancy During-pregnancy  Peripregnancy vs During pregnancy vs peripregnancy vs
Variable exposure exposure exposure distal exposure distal exposure distal exposure
Pregnancies, No. 552 496 445 NA NA NA
SAB 33(6.0) 22 (4.4) 25 (5.6) RR (95% Cl): 0.72 HR (95% Cl): 1.12 HR (95% Cl): 1.20
(0.42-1.24)° (0.66-1.93)° (0.77-1.88)°¢
Live births with gestational age, No. 518 474 418 NA NA NA
Preterm births® 42 (8.1) 27 (5.7) 26 (6.2) RR (95% Cl): 0.72 RR (95%Cl):0.73 RR (95% CI): 0.75
(0.45-1.17)¢ (0.44-1.20)° (0.50-1.13)¢
Live births with gestational age 425 388 341 NA NA NA
and birth weight, No.
SGA births® 27 (6.4) 27 (7.0) 29 (8.5) RR (95% Cl): 1.10 RR(95%Cl):1.31 RR (95% Cl): 1.18
(0.65-1.88)° (0.78-2.20)° (0.75-1.85)¢
Live births with follow-up, No.f 414 363 320 NA NA NA
Major structural birth defects 4(1.0) 4(1.1) 4(1.3) PR (95%Cl): 1.03 PR (95% Cl): 1.30 PR (95% CI): 1.06
(0.26-4.07)9 (0.36-4.69)° (0.34-3.33)9

9 Preterm birth defined as live birth before 37 weeks' gestation.

® SGA birth defined as below 10th percentile, based on Talge et al.?’

Abbreviations: HR, hazard ratio; LMP, last menstrual period; NA, not applicable; PR,
prevalence ratio; and RR, relative risk.

2 Exposure windows: distal consisted of 9vHPV or 4vHPV vaccine administered from 22
to 16 weeks before LMP, peripregnancy consisted of 9vHPV vaccine administered from
42 days before LMP until LMP, during pregnancy consisted of 9vHPV vaccine
administered from LMP to 19 completed weeks' gestation.

¥ For evaluation of birth defect outcomes, infants who survived the first year were
required to have at least 1 outpatient visit in the health system, 4 months of insurance
in the first year of life, and no diagnosis of a chromosomal anomaly.

& Using 9vHPV or 4vHPV vaccine, with inverse probability weights for age, race/

b Using 9vHPV or 4vHPV vaccine, with inverse probability weights for age, race/ ethnicity, hospitalization before pregnancy, smoking, and site.

ethnicity, hospitalization before pregnancy, smoking, and site.

© Using 9vHPV or 4vHPV vaccine as a time-dependent exposure in a Cox proportional
hazards regression model, with inverse probability weights for age, race/ethnicity,
hospitalization before pregnancy, smoking, and site.

JAMA Netw Open. 2021;4(4):€214340. doi:10.1001/jamanetworkopen.2021.4340






Stakeholder perspective on postapproval
surveillance of vaccine safety in pregnancy

e OQutcome selection
* Biologic plausibility
* Public health importance

* Limited availability of data from pre-licensure trials or other
surveillance systems to guide outcome selection

* Some vaccine safety outcomes may not be well suited for
automated data studies
* Require chart confirmation and clinical adjudication (stillbirth)
* Do not result in a care visit (fever)
e |CD-10-CM codes do not distinguish severity (postpartum hemorrhage)
* Variation in coding practice (chorioamnionitis)

(‘ » HealthPartners- Institute



Stakeholder perspective on postapproval
surveillance of vaccine safety in pregnancy

* Defining exposures
* Need vaccine exposure to be by manufacturer to inform labeling
* Limited access to results from animal or phase 1 studies to inform
exposure windows
* Outcomerisks can vary by gestational week of pregnancy

* Importance of using accurate data on vaccine exposures

* At HealthPartners ~25% of COVID-19 vaccine data for VSD population is found
through incorporation of stateimmunization registry data

‘0’ HealthPartners- Institute



Challenges with our work in postapproval
surveillance of vaccine safety in pregnancy

* Timelines for completing work need to be realistic
* Time for vaccine data to be available

* Time for data used in dynamic pregnancy algorithm — to identify and
date pregnancies — to mature

* Time for pregnancy outcomes to occur
* First trimester exposures and birth defects

‘0’ HealthPartners- Institute



Stakeholder perspective on postapproval
surveillance of vaccine safety in pregnancy

* Analytic approaches to minimize bias should be used
* Confounding by indication
* Healthy vaccinee bias
* Immortal time bias
 Risks for outcomes vary by gestational age at vaccination
* Vaccine availability can vary by gestational age and season

* Use of optimal analytic approaches is also important when raw data
from our studies is incorporated into meta-analyses
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General Postapproval Approaches to Assessing
Pregnancy Safety (cont’d)

= |n parallel with routine pharmacovigilance, non-interventional
studies are commonly used to generate postapproval safety data
to inform regulatory decision making

= However, when and what non-interventional studies should be
used and how they can be used more efficiently remain a
guestion
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PDUFA VIl Commitment:
Pregnancy Safety Study Framework — Purpose

= To develop a consistent and transparent approach to help
decide when and what postapproval pregnancy safety studies
might optimally be used to obtain timely evidence of safety for
regulatory decision making
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PDUFA VII Commitment:
Pregnancy Safety Study Framework — Scope

= |[n scope

= Postapproval non-interventional studies to assess the safety of maternal
exposure to drugs or biological products during pregnancy
= Out of scope
= Routine pharmacovigilance
= Clinical trials

= Studies on efficacy, paternal exposure, or lactation
= Operational issues

= The Framework does not address labeling, benefit-risk assessment, or
clinical practice; however, safety data generated from studies under this
framework, in conjunction with other safety data (e.g., routine
pharmacovigilance) may inform regulatory decision making and clinical
practice
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FDA Committed under the PDUFA VII Reauthorization to:

Develop a framework
and incorporate knowledge of
how different types of post-
market safety studies have been used
by FDA and | ndl

Conduct a review of types of post-
market pregnancy data that
have been included in pregnancy
labeling

PDUFA: Prescription Drug User Fee Act



