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Disclaimer

 Views expressed in this presentation are those
of the speaker
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Overall Summary

Communication Roadblocks

— Too Many Data Standards

Contrast between Clinical Practice and
Pharmacoepidemiology

— Safety Questions and Answers

Practical tools for speeding the analysis of
complex safety data

— Drugs under review: Application of emerging standards

— Drugs already marketed: Data mining using MGPS and
HBLR

Take home messages
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Understanding Drug Safety
Systematically

 Access to multiple collections of medical data to
cross-reference potential signals for replication

— Medical records such as Health Maintenance
Organization records, military databases; clinical trial

data; animal pharmacology data, etc.
 Full communication between experts for
Improved interpretation by tapping know-how

— Need real-time access of the same data by different

experts for analysis and re-analysis w/o starting from
scratch
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Communication Roadblocks: Too
Many Individual Data Standards

Safety data are complex

— High dimensional, high variations between subjects, and
missing information

Safety data are disorganized: Uniform data

standards are just emerging

— Data quality problems are not limited to spontaneous
reports (e.g., same concomitant medication having
multiple drug name variations)

Data and tools have to be constantly re-

configured

— This creates “difficult to audit,” “difficult to share,”
and “difficult to learn” paradigms
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—i Subset Rows{6) - Data Yiewer

File Edit Format Wiewers ‘Window Help

USUBJID | | NARRATIVE
1 ||0s025007 Patierf 08-023-007 isda 48 year old Caucasian male, participated in Phase 3, |
2 ||0a031011 Patierf 05-031-011 isa 61 year old, Hispanic fernale, participated in a Phase *
3 ||0a033010 F'atieri 05-033-010 iga 72 vear old Caucasian male, participated in a Phase 3

Typical roadblock that delays

communication:

Different types of Unique Identifiers for the
same patients
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Too Many Individual Data Standards
In Place

« Hamper communication between

— Statisticians, clinicians, epidemiologists, clinical safety
reviewers, animal pharmacologists, clinical
pharmacologists, chemists, and other experts

— Consumers, clinicians, regulators, industry,
legislators

« Hamper advancing the art and the science of
drug safety monitoring and risk assessment

Szarfman et al



Too Many Personal Standards In
Place to Understand Safety

Safety data that is convincing to one person is
unconvincing to another

We do not know systematically what is a
precursor of what

— e.g., Is schizophrenia or drug treatment the precursor of
tardive dyskinesia?

— No systematic objective markers of drug toxicity in place
Labeling is no panacea

— Messages given need to be understood — We need
follow-up of new data

Any given reviewer can only look at so much
data in one day by wsitrg ¢danual methods 0



Contrast Between Clinical Practice
and Pharmacoepidemiology

 Paradigm in clinical practice:

— More answers than questions

 In everyday clinical practice, practical diagnostic tests
provide answers to questions never asked

 Clinicians frequently are surprised by the results

« Formal and informal gold standards and positive and
negative controls are in place and are evolving

Szarfman et al

10



However ...

e Paradigm in traditional statistics and
epidemiology
— Harm, has to be pre-specified — but experts do not know
how to pre-specify harm, patients at risk, and records to
study in a systematic way
* In drug safety we also need practical tools
capable of giving us answers to questions that
we do not know how to pre-specify

— Practical tools are easier to implement when uniform
data standards are in place

Szarfman et al 11



Practical Tools For Speeding the
Analysis of Complex Safety Data

 Drugs under review for approval
 Drugs already on the market

Szarfman et al
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Example for drugs under review
for approval:

Application of emerging data
standards and data visualization
tools to speed the review of the

Integrated clinical trial data of two
NDAS

Szarfman et al 13
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Use of CDISC’s standardized data
definitions and variable names

« Simplifies the application of standardized web-
based analytical tools

e The use of the same data and tools

— Reduces the time by reviewers on data management
and analysis

— Enhances communication between reviewers of the two
NDAs and their supervisors

— Improves data interpretation, and the quality, speed, and
transparency of review process
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Assessing Potential Liver Injury by Analyzing Increases
In Serum Alanine Aminotransferase (ALT) and Total
Serum Bilirubin (TBILI) IN ONE STEP
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Examples for drugs already on the
market:

Data Mining Voluntary Reports of
Adverse Drug Events

The two Methods We Use:

1. MGPS (Multi-ltem Gamma Poisson Shrinker)

2. HBLR (Hierarchical Bayesian Logistic
Regression)

Szarfman et al

18



The AERS (Adverse Event Reporting
System) Database

Most of the safety issues leading to drug
withdrawal from the market were discovered
using the AERS database

— David Graham, Advisory Committee Meeting
Presentation on May 18, 2005

 Contains over 2.5 million voluntary reports on
marketed drugs since 1968

 Data are pre-processed and cleaned prior to data
mining
— Some duplicate reports remain — Multiple manufacturers
may report the same case

Szarfman et al 19



1. MGPS (Multi-ltem Gamma Poisson
Shrinker) data mining program

« Algorithm for detecting signals of higher-than-
expected drug-event combinations

 Through statistical modeling, identifies signals
In the large AERS database

« Handles complex stratification (>900 categories)
e Developed by Dr. William DuMouchel
— Work initiated by Dr. Ana Szarfman

 Currently, a CRADA is in place to develop data
mining tools to assess the safety of drugs

— Drs. Paul Seligman and Miles Braun are principal
Investigators

Szarfman et al 20



Cerivastatin DM Story — A notable

example of detection o

f early MGPS signals!
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Answers: Mild liver event codes; severe muscle events including rhabdomyolysis;
and renal failure signals beginning in 1998 (darker shading corresponds to stronger signals)




Cerivastatin — A notable example of
detection of early MGPS signals!

« Rhabdomyolysis and “CPK increase” in 19980Q2

 Renal failure in 1998Q4

« Dosage increases occurred twice: From 0.3 mg
gd at approval, to 0.4 mg gd in 199902, to 0.8 mg
gd in 2000Q3

 Bayer sold marketing rights in Europe
 Withdrawn from the market in 2001Q3

e It cannot be argued that these problems were
known before these actions took place

Szarfman et al 22



‘Sector Map: Cerivastatin

Answer: The
strong renal
sighals were
unexpected
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Sector Map:

Assessing Safety Profiles Using a Dictionary of
Medical Terms

The color, size, position in space, grouping, and ranking of tiles provide a “big
picture” overview of the adverse event profile of a drug

Color:
— Red corresponds to stronger signals
Size:

— Alarge tile (with a white border) defines each SOC (System Organ Class) in the
MedDRA dictionary

— The box size for each PT term (preferred adverse event term) is based on the number
of serious cases of the term alone in the AERS database

— The size of each PT is stable over displays of different drugs

Position in space:

— SOCs and PTs are always represented in the same area of the sector map
— The position of each SOC and PT is stable over displays of different drugs

Grouping:
— PTs are grouped by high level term (HLT), high level group (HLGT), and SOC
Ranking:

— PTs areranked in descending order of EBGM values

Szarfman et al 24



‘Sector Map: Cerivastatin
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Sector Map: Atorvastatin —answers the
compared to what question

Answer: Huge
differences
between
cerivastatin and
atorvastatin
renal signals
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‘Sector Map: Gemfibrozil w/o Cerivastatin |
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Sector Map: Infliximab, A Drug with a Different

Safety Profile Pattern
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Another Drug Recently in the News
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What Opportunities Does MGPS Provide?

« Even when specific questions are not asked

— MGPS provides a large collection of positive and
negative controls

— Provides reminders of what other experts know that
serve to assess plausibility of results

— Provides clues to complex safety issues quickly

— Signals important information that might be missed if the
guestion is not asked

— Alids in predicting future trends or behaviors (e.g., of
drugs in same class)

— Enables decision-makers to make proactive, knowledge-
driven decisions
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2. Hierarchical Bayesian Logistic
Regression (HBLR) Data Mining

 Unraveling the Individual Toxicities of Drugs
Used in Polytherapy

Szarfman et al
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Signal Scores and Confidence Intervals for Lactic Acidosis by Drug
Using MGPS (gray open symbols) and HBLR (black filled-in symbols)
Grouped by Anti-HIV (Squares) and Anti-Diabetes (Triangles) Drugs

HBLR Answer: More discriminating detection of lactic acidosis associations than MGPS for drugs
that are commonly used in polytherapy for both HIV and diabetes

Clinical knowledge help you discover some built in positive and negative controls.

These results are consistent with current knowledge about these drugs
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HBLR Signal Scores are exponentials of logistic regression coefficients, interpreted as odds ratios
for the association of lactic acidosis with each drug, adjusted for the presence or absence of all

other drugs.



What Opportunities Does HBLR
Provide?

« More discriminating detection than MGPS for
drugs that are commonly used in polytherapy

* Individual drug safety profiles are corrected for
the confounding induced by the presence of
other drugs (with their own potentially strong
adverse event associations) throughout the
database

« HBLR Is a useful adjunct to MGPS in post-
marketing safety assessments, especially in
polytherapy regimens

Szarfman et al

35



Take Home Messages

We need single interoperable standards in place
(HHS Secretary Leavitt)

Standardized data collection and better
reporting

Systematic/simultaneous computer approaches
to greatly assist in understanding data and
biases

Link expertise to get the job done using the
same data — Statisticians, clinicians,
epidemiologists, safety evaluators, data
management professionals, and other experts

Szarfman et al 36



Take Home Messages (continued)

« We need to develop together new tools to find
consistent clues across databases/reference
Information

 Develop rigorous methods for reaching
decisions when confronted with inconclusive
but worrisome results

 With interoperable standards, statisticians,
epidemiologists, and other analysts will be in a
great position to improve drug safety and
communication between all parties involved
(consumers, clinicians, regulators, industry, and
legislators) Szarfman et al 37
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