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Role of the Drug Regulator
• Access to medicines

– Assess efficacy, safety, quality
• Protection of the public

– During clinical trials
– Postapproval

• Information to the public
Drug 

Regulation

Science-
based

Public-
health 

focused
Regulatory 

activity
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Source: Dal Pan GJ. The US Food and Drug Administration, neurologists, and drug development and regulation. Neurology Clinical Practice 2015;5:338-343.

Drug Lifecycle
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Sources of Risk From Medical Products

Known Side Effects

Unavoidable Avoidable

Medication and 
Device Errors Product Defects

Preventable 
Adverse Events

Remaining
Uncertainties:
•Unexpected side effects
•Unstudied uses
•Unstudied populations

Injury or Death



6

What We Want to Learn

Learns about new risks

Learns more about known risks

Learns about medication errors

Learns about product defects

Learns how patterns of use may contribute to unsafe use

Learn about the impact of our interventions



7

Lifecycle of drug safety knowledge

Time of 
approval

Development 
phase

Postmarket/Real 
world use

Label
Pharmacovigilance planning
Risk management
Postmarketing studies

• Common adverse 
events

• Signals of other 
adverse events

Less common adverse events
Refined knowledge of specific adverse 
events
Understand conditions of use

Revised:
Label
Pharmacovigilance planning
Risk management
Postmarketing studies

This process is iterative and incremental
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Drug Labels Contain Important 
Safety-related Information
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Safety-related Label Changes

• 278 NMEs approved between October 1, 2002 
and December 31, 2014. 

• 1 safety withdrawal
• 195 (70.1%) with ≥ 1 safety outcome 
• 83 (29.9%) no safety related label change or 

withdrawal
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Results
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Hierarchical presentation of time to drug label updates for NMEs  
by section of the label updated as of December 31, 2015
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Average number of label updates per year of follow-up
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Average number of issues per year of follow-up
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Special Considerations in Neonates

23 weeks’ 
gestation /
500 grams

37-41 weeks’ 
gestation /
2500-4000 

grams
Circulatory transition
Pulmonary maturity

Skin maturation
CNS

Renal maturity
Hematologic

Digestive and feeding
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Drug Utilization 

Source: Warrier I, Du W, Natarajan G, et al. 2006. Patterns of drug utilization in a 
neonatal intensive care unit. J. Clin. Pharmacol. 46:449-455.
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Main Sources of Drug Safety Data
Case Reports

• Individual 
case reports

• From the 
point of care

• Mostly via 
industry

• Sometimes 
from 
literature

Registries

• Defined 
populations

• Disease-
based or 
drug based

• Various 
sponsors

Observational 
Studies

• Often based 
on large 
databases

• Led by 
industry, 
academia, or 
FDA

Clinical Trials

• Sometimes 
specifically 
for safety

• Mostly 
industry-
sponsored

Information from these data sources are used together to provide as complete as 
possible an understanding of the risk of a drug.
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Signal 
Identification:
Potential safety 

concern identified

Signal 
Refinement:

Initial evaluation of 
safety concerns

Signal 
Evaluation:

Detailed 
assessment

Post-Market Safety Assessment
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What Gives Rise to Signals at FDA
Case Reports Registries Observational 

Studies Clinical Trials

Signal 
Identification:
Potential safety 

concern identified

Signal 
Refinement:

Initial evaluation of 
safety concerns

Signal 
Evaluation:

Detailed 
assessment
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How We Refine Signals
Case Reports Registries Observational 

Studies Clinical Trials

Signal 
Identification:
Potential safety 

concern identified

Signal 
Refinement:

Initial evaluation of 
safety concerns

Signal 
Evaluation:

Detailed 
assessment
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How We Evaluate Signals
Case Reports Registries Observational 

Studies Clinical Trials

Signal 
Identification:
Potential safety 

concern identified

Signal 
Refinement:

Initial evaluation of 
safety concerns

Signal 
Evaluation:

Detailed 
assessment
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Historically….
• Case reports were the main 

source of drug safety 
information
– Good for rare events that are 

usually the result  of drug or 
toxin exposure
• Acute liver failure
• Stevens-Johnson Syndrome
• Torsades de pointes

• The basis of most drug 
withdrawals and major safety 
actions

• However:
– Often lack critical details
– Underreporting
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Components of a 
Good Postmarketing Report

• Description of adverse event
• Identified reporter
• Suspected and concomitant product therapy details (e.g. dose, dates of 

therapy)
• Patient characteristics (e.g., age, sex), baseline medical condition, co-

morbid condition, family history, other risk factors
• Documentation of the diagnosis
• Clinical course and outcomes
• Relevant therapeutic measures and laboratory data
• Dechallenge and rechallenge information
• Reporter contact information 
• Any other relevant information 

Source: US FDA. Guidance for Industry - Good Pharmacovigilance Practices and Pharmacoepidemiologic Assessment, March 2005

22
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How Postmarketing Reports Get to FDA

23

Regulatory 
Requirements

FDA MedWatch

FAERS

Database

Manufacturer

Patients, consumer, and healthcare professionals

FDA

Voluntary Voluntary

5% of all reports 95% of all reports

Electronic 
Reporting 

Requirements
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FDA Adverse Event Reporting System 
(FAERS) 
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Safety Labeling Changes

Source: Lester et al. Pharmacoepidemiol Drug Safety 2013 Mar;22(3):302-5
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FDA Action on Fingolomid

Source: http://www.fda.gov/Drugs/DrugSafety/ucm456919.htm
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Registries
• What is a registry?
– “Registries are a systematic collection of defined 

events of product exposures in a defined patient 
population for a defined period of time.”

-Strom, Pharmacoepidemiology, 4th Ed.
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Approved 
23 November 2004

Routine 
PV

Natalizumab - Approval
• Integrin receptor antagonist

– Binds to α4-subunit of 
α4β1 and α4β7 integrins

• Initially approved to reduce 
frequency of clinical 
exacerbations in patients with 
relapsing form of multiple 
sclerosis

• Routine monitoring in place
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Approved 
23 November 2004

Marketing 
suspended 

28 February 2005

Routine 
PV

Intensive 
Evaluation

Natalizumab – First Cases of PML
• Within three months of 

approval, two cases of 
progressive multifocal 
leukoencephalopathy (PML) 
reported in multiple sclerosis 
patients

• PML is a rare, serious, progressive 
neurologic disease, usually occurring in 
immunosuppressed patients, often 
resulting in irreversible neurologic 
deterioration and death. 

• Marketing was suspended
• Intensive evaluation of all data



30

Approved 
23 November 2004

Marketing 
suspended 

28 February 2005

Marketing resumed 
05 June 2006

Routine 
PV

Intensive 
Evaluation Continuous risk management, monitoring, and re-assessment

Natalizumab – Marketing Resumed
• Intensive evaluation revealed 

no additional cases in 
multiple sclerosis patients

• FDA sought input form 
experts and the public, 
including patients

• Marketing was resumed with 
strict risk management

– Restricted distribution
– Pre-infusion evaluations
– Registry of all patients
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Approved 

23 November 2004

Marketing 

suspended 

28 February 2005

Marketing resumed 

05 June 2006

Label updated

05 February 2010

Routine 

PV

Intensive 

Evaluation
Continuous risk management, monitoring, and re-assessment

Natalizumab – Update on Treatment 
Duration 

• Label updated in February 
2010 to include duration of 
treatment as a risk factor for 
PML

• Based on 31 cases of PML in 
about 66,000 treated patients
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Approved 

23 November 2004

Marketing 

suspended 

28 February 2005

Marketing resumed 

05 June 2006

Label updated

05 February 2010

Label updated

22 April 2011

Routine 

PV

Intensive 

Evaluation
Continuous risk management, monitoring, and re-assessment

Natalizumab – Update on Prior 
Immunosuppression

• Label updated in April 2011 to 
include prior 
immunosuppression as a risk 
factor for PML

• Based on 102 cases of PML in 
about 82,732 treated patients
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Approved 

23 November 2004

Marketing 

suspended 

28 February 2005

Marketing resumed 

05 June 2006

Label updated

05 February 2010

Label updated

22 April 2011

Label updated

20 January 2012

Routine 

PV

Intensive 

Evaluation
Continuous risk management, monitoring, and re-assessment

Natalizumab – Update on JC Virus 
Antibody Positivity

• Label updated in January 
2012  to include antibodies to 
JC virus as a risk factor for 
PML

• Based on 201 cases of PML in 
about 96,582 treated patients
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Approved 

23 November 2004

Marketing 

suspended 

28 February 2005

Marketing resumed 

05 June 2006

Label updated

05 February 2010

Label updated

22 April 2011

Label updated

20 January 2012

Label updated

12 May 2015

Routine 

PV

Intensive 

Evaluation
Continuous risk management, monitoring, and re-assessment

Natalizumab – More Updates
• Label updated in May 2015  

to include most recent data 
on risk factors for PML
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Approved 

23 November 2004

Marketing 

suspended 

28 February 2005

Marketing resumed 

05 June 2006

Label updated

05 February 2010

Label updated

22 April 2011

Label updated

20 January 2012

Label updated

12 May 2015

Routine 

PV

Intensive 

Evaluation
Continuous risk management, monitoring, and re-assessment

Natalizumab – Summary
• Iterative

– One finding leads to another

• Incremental
– One step at a time

• Essential
– Needed for the safe use of the drug
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Clinical Trials – An Example
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Observational Studies - I

• Retrospective cohort study using 
Tennessee Medicaid

• Excluded patients at high risk for death 
from unrelated causes

• Patients who took:
– Azithromycin (347,795 prescriptions)
– No antibiotics (1,391,180 prescriptions)
– Amoxicillin (1,348,672 prescriptions)
– Ciprofloxacin (264,626 prescriptions)
– Levofloxacin (193,906 prescriptions)

37
Source: Ray WA et al. N Engl J Med 2012;366:1881-90

• Five- and ten-day follow-up periods
• End points :

– Cardiovascular death
– Death from any cause

• Propensity-score matching
• Complicated methods
• Lots of careful analyses
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Observational Studies - II

38
Source: Ray WA et al. N Engl J Med 2012;366:1881-90

• Cardiovascular death:
– HR = 2.88 (1.79-4.63) (azithromycin vs no antibiotic)
– HR = 0.95 (0.55-1.63) (amoxicillin vs no antibiotic)
– HR = 2.49 (1.38-4.50) (azithromycin vs amoxicillin) (Days 

1-5)
– HR = 0.95 (0.44-2.06) (azithromycin vs amoxicillin) (days 

6-10)

• Non-cardiovascular death:
– HR = 0.74 (0.33-1.67) (azithromycin vs no antibiotic)
– HR = 0.76 (0.42-1.37) (amoxicillin vs no antibiotic)

Source: US Prescribing Information for Zithromax

“…there was a small absolute increase 
in cardiovascular deaths. As compared 
with amoxicillin, there were 47 additional 
cardiovascular deaths per 1 million 
courses of azithromycin therapy; for 
patients in the highest decile of baseline 
risk of cardiovascular disease, there 
were 245 additional cardiovascular 
deaths per 1 million courses.”
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Prospective Observational Study
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Real-world Evidence
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CDER Definitions

• Real-World Data (RWD) are data relating to patient 
health status and/or the delivery of health care 
routinely collected from a variety of sources.  

• Real-World Evidence (RWE) is the clinical evidence 
regarding the usage and potential benefits or risks 
of a medical product derived from analysis of RWD. 

RWD include data derived from electronic health records (EHRs), claims and billing 
data, data from product and disease registries, patient-generated data including in 
home-use settings, and data gathered from other sources that can inform on health 
status, such as mobile devices.  

RWE can be generated using many different study designs, including but not 
limited to, randomized trials, such as large simple trials, pragmatic clinical trials, 
and observational studies (prospective and/or retrospective ).



Moving Forward
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Sentinel data are collected for multiple purposes

Clinical Data
• Collected to document 

elements of clinical care and 
support physician decision-
making

Administrative Data
• Collected for transactional recordkeeping, 

reimbursement

Registries
• Collected to provide 

information on a specific 
population of interest
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Sentinel uses data and expertise from multiple 
sources

Institute for 
Health

Lead – HPHC Institute

Data and
scientific 
partners

Scientific 
partners



Integrated  Delivery Systems
(10 Partners; ~10% of members)

Data partners have varied source systems

Stand-alone EHR
(1 Partner; 50M encounters)

Claims-based Systems
(7 Partners; ~90% of members)
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Analysis in Sentinel’s distributed data network
1- User creates and 
submits query 
(a computer program)

2- Data partners 
retrieve query 

3- Data partners review 
and run query against 
their local data

4- Data partners review 
results 

5- Data partners  return 
results via secure 
network 

6- Results are 
aggregated

2 5



Demographic

Coverage PatID Birth Date Sex/Race Zip

5291321 07/29/63 M/Unknown 02119

Bob’s Story

20122011 20142013

Encounter
• 12/11/12

Office Visit
• Dx: Hypertension

Dispensings
• 12/11/12
• Rx: Anti-

hypertensive

Encounter
• 1/1/2011

Office Visit
• Dx: Influenza 

with 
pneumonia

Encounter
• 10/31/13

Office Visit
• Dx:

Hypertension

Dispensings
• 1/1/2011
• Rx: Antibiotic

Encounters
• 3/15/2012

Emergency Department
• Px: appendectomy

• 3/15/2012-3/18/2012
Hospital
Inpatient stay

Lives in Boston, MA Diagnosed with hypertensionHas appendectomy Routine Office Visit

Bob is a 47-50 year old male with 1,035 days of observed time
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Bob’s Story

Gets new job in San Jose, CA

Boston, MA
San Jose, CA



Bob’s Story

20142013 20162015

Encounter
• 11/01/2013

Office Visit
• Dx:

Hypertension

Dispensing
• 11/01/2013
• Rx: Anti-

hypertensive

Diagnosed with anxiety Has stroke in Los 
Gatos, CA 

Routine Office Visit

Encounter
• 01/09/2014

Office Visit
• Dx:

Hypertension
• Dx: Anxiety
• Dx: Ankle 

sprain

Dispensing
• 01/09/2014
• Rx: Antianxiety

Demographic

Coverage PatID Birth Date Sex/Race Zip

5678910 07/29/63 M/White 95192

Dispensing
• 2/20/2015
• Rx: Platelet 

inhibitor

Encounter
• 02/14/2015
• Emergency

Department

• 02/15/2015-
• 02/20/2015
• Hospital

Bob is a 50-52 year old white male with 640 days of observed time

Test Results
• 01/09/2014
• A1C & 

Glucose
• (EHR data at 

Kaiser)



FDA Experience with RWD/RWE

https://www.sentinelinitiative.org/

425 million person years of observation 
time 
43 million people currently accruing new 
data
5.9 billion pharmacy dispensings
7.2 billion unique medical encounters
42 million people with at least one 
laboratory test result

9
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Dabigatran and Bleeding Complications
• Approved October 19, 2010 indication of non-valvular atrial 

fibrillation
• Anticipating a protocol based assessment in Mini-Sentinel at 

time of approval
• Large number of spontaneous adverse event reports

– A large number of reports is expected for drugs new to the market 
compared to other drugs on the market for many years

– Determine if we could use rapid query in Mini-Sentinel to put a potential 
bound on risk

• Modular program feature of Mini-Sentinel
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FAERS Reports with Dabigatran and Warfarin: October 19 
2010 - October 5, 2011

10133

3460
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12000

Total number of reports

dabigatran

warfarin

4251

2617

586 318

0
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1000
1500
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3000
3500
4000
4500

Serious
outcome

Death outcome

dabigatran

warfarin

Challenges with Large Number of Case Reports
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Intracranial (ICH) and Gastrointestinal (GIH) Bleeding Events in 
New Users of Dabigatran and Warfarin: Mini-Sentinel 

(Oct 2010 – Dec 2011, Incidence Rate =New Events/100,000 Days at Risk)

Dabigatran
Pre-existing Cond. 

Requirement Warfarin

N
Incidence 

Rate N
Incidence 

Rate

10,569 2.2
Atrial Fibrillation –
183 days 43,351 5.8

9,216 2.2
Atrial Fibrillation –

365 days 34,800 6.1

12,161 2.4
No requirement – 183 

days 119,470 5.0

10,464 2.5
No requirement – 365 

days 97,267 5.2
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Signal 
Identification:
Potential safety 

concern identified

Signal 
Refinement:

Initial evaluation of 
safety concerns

Signal 
Evaluation:

Detailed 
assessment

Post-Market Safety Assessment

Summary 
Tables

Modular 
Programs

Protocol-
based 

Evaluations

Data 
Mining
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Current Challenges

• Deciding what questions 
need to be answered

• Deciding the best way to 
answer them

• Understanding the trade-
offs in various 
approaches

• Ethical considerations
• Communications
• Regulatory actions
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From Traditional Hierarchy to 
Synthesis of Evidence

Clinical
Trials

Clinical
Pharmacology

Toxicology
Other Data

Observational
Studies

Traditional hierarchy Synthesis of evidence



57

Thank you




