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What is Pharmacoepidemiology?

Outline
•

What is Pharmacoepidemiology?

•

Role within Pharmacovigilance

•

Observational Research

Why?
- The need to use observational methodology in the evaluation of
medical products

How?

– Guidelines

- Epidemiologic methods

– Key Initiatives/Activities
•

Pharmacoepidemiology – Key Challenges

- Clinical knowledge

•

Case Examples

- Basic science

– Cohort Design

Covers all medical products

– Case Control Design

- Drugs, vaccines, and medical devices
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What is Pharmacoepidemiology?
(con’t)

Pharmacoepidemiology

From the ISPE website
https://www.pharmacoepi.org/about/index.cfm

What is Pharmacoepidemiology?
The study of the use of and the effects of drugs in large
numbers of people. A joining of clinical pharmacology
(content area) and epidemiology (methodology).

“Pharmacoepidemiology may be defined as the study of
the utilization and effects of drugs in large numbers of
people. To accomplish this study, pharmacoepidemiology
borrows from both pharmacology and epidemiology. Thus,
pharmacoepidemiology can be called a bridge science
spanning both pharmacology and epidemiology.”

Source: Strom BL and Kimmel SE, eds. Textbook of Pharmacoepidemiology. John Wiley &
Sons, Hoboken, NJ, 2006.
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Pharmacoepidemiology: A public
health perspective

Major Patient Safety Issues / Withdrawals

• Not only providing scientific evidence
– Not only publishing a peer-reviewed article

•
•
•
•
•

• Epidemiology findings provide actionable evidence
– Support medical product development
– Support regulatory decisions
– Support reimbursement decisions
– Prevent / control public health disaster

Hepatotoxicity (Rezulin, Duract)
QT prolongation (Propulsid, Terfenadine)
Rhabdomyolysis (Baycol)
Heart valve damage (Fen-Phen)
Drug interactions (Posicor)

Pre 2003

• Influenza vaccine
• Cardiovascular risk (Vioxx)

2004

• PML (Tysabri)

2005

2006

• (Therapeutic) Risk Management
– Maximize benefit, minimize risk
• Cardiovascular risk (Avandia)
• Cardiac valvulopathy (Pergolide)

2007
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What’s in the Regulator’s Mind?
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What is Pharmacovigilance?
“all scientific and data gathering activities relating to the
detection, assessment and understanding of adverse events. This
includes the use of pharmacoepidemiological studies”.
(FDA – Guidance for Industry, 2005)
“the science and activities relating to the detection, assessment,
understanding and prevention of adverse effects or any other drug
related problems. Encompasses the use of
pharmacoepidemiological studies”.
(ICH E2E)
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The Role of Pharmacovigilance

Safety Signal - Definition

These activities are undertaken with the goal of
identifying adverse events and understanding their
nature, frequency, and potential risk factors

Safety signal refers to a concern about an excess of
adverse events compared to what would be expected
to be associated with a product's use.
Source:

The goal of pharmacovigilance is to closely monitor the
safe use of pharmaceutical products by exercising
surveillance of product use throughout the lifecycle of
the product.

•

Preclinical data, Clinical data, and Post-marketing data

Can a single case report be viewed as a signal?
Yes, It is possible that even a single well documented
case report can be viewed as a signal (positive
rechallenge).

Pharmacovigilance principally involves the
identification and evaluation of safety signals
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Limitations of Post-Marketing
Reporting System

Pharmacovigilance: Signal Management
Sources of Signals
Non-clinical studies
• Toxicology
• Pharmacology

Clinical
studies

Literature
searches

Noninterventional
studies

Similar
compounds

Spontaneous
Report Systems
• Individual AE
review
• Periodic reports
• Data mining/ASD

Other
• Active
surveillance
• Data mining
in databases
other than
SRS

• Under-reporting of suspected events
• Incomplete information – difficulty in assessing
causality
• Reporting bias

Signal Detection

• Lack of denominator – extremely difficult to accurately
determine exposure
Signal Clarification/
Early Evaluation
• Review of case
series and
literature

Signal
Evaluation
• Pharmacoepi
studies
• Mechanistic
studies
• Clinical trials
• Other

Causality
Assessment
Does the signal
meet threshold
criteria for inclusion
in CCSI?

Update CCSI
Update Global Risk
Management Plan,
as needed

Update Local Risk
Minimization Plan
(PI and other risk
minimization
activities, as
appropriate)

Risk Management
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Best Evidence
Evidence Hierarchy
RCTs Versus Observational Studies

Lower degree of uncertainty
(e.g. causality, incidence)

What About the Evidence Hierarchy?

• Clinical trials
• Observational studies

Randomised Controlled
Clinical Trials

Observational Research

• Individual case reports
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Where Observational Research Can Add Value
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Study Designs

 Disease progression and risk factors
 Patterns of usual clinical care

Experimental Studies

Observational Studies

 Real world effectiveness & safety of therapy
 Naturalistic clinical and economic outcomes

Randomized
Clinical Trial

 Patient reported outcomes
 Outcomes that are rare or which occur only after
prolonged therapy

Descriptive Study

Analytic Study

Case Reports

Cohort Study

Case Series

Case-Control Study
Self-Control Studies

 Interventions that are not amenable to a controlled
experiment...........
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Increasing Observational Research
Guidelines and Activities
GRACE
Principles

AHRQ
Registry
Handbook

ISPOR
GRP

GPP

STROBE
Observational
Research

ENcEPP

Sentinel
and
OMOP
EU
ADR

Comparative
Effectiveness

Benefit/Risk
Assessment
PROTECT
21
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STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) Checklist
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FDA’s Sentinel Initiative

What is the FDA sentinel initiative?
o FDA’s Sentinel Initiative is a long-term effort to create a national electronic system for
monitoring FDA-regulated medical products.
o The Sentinel System includes the Active Post-market Risk Identification and Analysis
(ARIA) system mandated by US Congress in the FDA Amendment Act (FDAAA) of
2007.
o The Sentinel Initiative created focused surveillance efforts around vaccine safety using
the Post-market Rapid Immunization Safety Monitoring (PRISM) system, and supports
regulatory review of blood and blood products with its Blood Surveillance Continuous
Active Network (BloodSCAN).
o Mini-Sentinel was a pilot program launched by the FDA in 2009 to test the feasibility of
the Sentinel Initiative, and to develop scientific approaches needed for creating such a
national system.
o In 2014, the FDA started transitioning from Mini-Sentinel pilot to the fully operational
Sentinel System.
o FDA launched the Sentinel System in 2016.
Sources: 1Ball et al (2016); 2Sentinel (2017): https://www.sentinelinitiative.org/background
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•
•
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OHDSI

OHDSI

OBERVATIONAL HEALTH DATA SCIENCES AND INFORMATICS

OBERVATIONAL HEALTH DATA SCIENCES AND INFORMATICS

•

A multi-stakeholder, interdisciplinary collaborative initiative to bring
out the value of health data through large-scale analytics
An international network of researchers and observational health
databases with a central coordinating center housed at Columbia
University

•

Research community: multiple disciplines (e.g., clinical medicine,
biostatistics, computer science, epidemiology, life sciences)

•

Stakeholder groups (e.g., researchers, patients, providers, payers,
product manufacturers, regulators).

Focus areas:
•

•

Software
•

•
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Data standardization, Medical product safety surveillance, Comparative
effectiveness research, Personalized risk prediction, Data
characterization, Quality improvement
ATLAS – a web-based integrated platform for database exploration,
standardized vocabulary browsing, cohort definition, and populationlevel analysis
ACHILLES – a standardized database profiling tool for database
characterization and data quality assessment
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OHDSI
OBERVATIONAL HEALTH DATA SCIENCES AND INFORMATICS

https://www.ohdsi.org/
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http://www.encepp.eu/
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•

A partnership between the EU and the European pharmaceutical
industry.

•

The world's biggest public-private partnership (PPP) in the life
sciences

•

Originated from the European Technology Platform (ETP) on
Innovative Medicines that was supported under the European
Commission's Sixth Framework Programme for Research (FP6),
from 2005 to 2009

•

Following discussions in the European Parliament and among the
Member States, the legislation creating IMI was approved in
December 2007.

•

The overall goal of the IMI1 program was to significantly
improve the efficiency and effectiveness of the drug
development process with the long-term aim that the
pharmaceutical sector produce more effective and safer
innovative medicines.

•

The main goal of IMI2 (2014-2020), is to develop next
generation vaccines, medicines and treatments, such as
new antibiotics

•

There are multiple projects and working groups in IMI

•

For more information visit: https://www.imi.europa.eu/
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Pharmacoepidemiology: Key
Challenges
• Identification of Sufficient Data Source
– Sample Size
– Generalizability

• Validation
– Exposure
– Outcome

• Establishing Causality
– Chance
– Bias
– Confounding
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Cohort – Example (con’t)

Cohort - Example
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Cohort - Example (con’t)
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Case Control - Example

Results: “There were 702 patients and 1376 control subjects. For women,
the adjusted odds ratio was 16.58 (95 percent confidence interval, 1.51 to 182.21;
P=0.02) for the association between the use of appetite suppressants containing
phenylpropanolamine and the risk of a hemorrhagic stroke …”
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Conclusions

Acknowledgment

• Pharmacoepidemiology joins clinical pharmacology
and epidemiology

Arnold Chan, MD, ScD, FISPE
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• Pharmacoepidemiology plays an important role in
Pharmacovigilance

Frank Andersohn, MD, PhD

• Significant increase in external activities and initiatives

Val Simmons, MB, BS, FFPM

• Number of observational research challenges to
address for appropriate decision making

Ken Hornbuckle, DVM, PhD

• Significant advances in the field are expected in the
mid-term to long-term future
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Back Up Slides
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Pharmacoepidemiological
Questions

Observational Research - Guidances
– AHRQ REGISTRIES HANDBOOK: Gliklich RE, Dreyer NA, eds. :
Registries for Evaluating Patient Outcomes: A User's Guide. Prepared
by Outcome DEcIDE Center. AHRQ Publ. No. 07-EHC001-1. Rockville,
MD. 2007. 2nd edition, 2010

1)

Are there differences in the number of people with hypertension diagnosed and
treated among different populations in a given geographic area?

2)

What is the effectiveness of psychotropic drugs in defined populations?

3)

What factors in the physician-patient encounter influence treatment compliance
and continuity of care?

4)

How does cancer chemotherapy interact with the natural course of disease?

5)

Is end-stage renal disease caused by regular analgesic use?

6)

How can we accelerate the process of discovery of new, clinically relevant,
intended, and unintended drug effects?

7)

How clinically relevant is it to compare the effectiveness of an angiotensinconverting enzyme inhibitor with methyldopa for the treatment of mild
hypertension?

– GRACE principles for observational studies of comparative
effectiveness. Am J Man Care 2010;16(6):21-24

8)

What is the most appropriate control group for a hospital-based case-control
study of drug-related congenital malformations?

– ISPOR Good Research Practices for CER I, II, III . Value in Health
2009;1044-1072

9)

Can we learn something about the prognostic factors for juvenile arthritis from
the way it is treated by primary care physicians?

– ENcEPP Code of Conduct, Methods Guide, 2010. www.encepp.eu
– GPP: Guidelines for good pharmacoepidemiology practices
Pharmacoepidemiology & Drug Safety 2008:17:200-208
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– STROBE: Strengthening the Reporting of Observational Studies in
Epidemiology, Epidemiology 2007;18(6): 805-835
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