obbvie

Detecting counterfeit
data in clinical trials

Martin King, PhD

Sr. Director, Clinical Statistics,

AbbVie

July 21, 2016 —




Disclosures

Support of this presentation was provided by AbbVie. AbbVie
participated in the review and approval of the content.

Martin King is an employee of AbbVie, Inc.

obbvie PhUSE SDE | Deerfield, IL USA | July 21, 2016




The long history of falsified data

Ptolemy, Galileo, Newton all accused of scientific misconduct

R.A. Fisher (1936) re-analysis of Mendel’s data

» Observed frequencies agreed too closely
with expected

o “Assistant who knew too well what was
expected” ?

» “Fictitious data can seldom survive a i
careful scrutiny, and, since most men
underestimate the frequency of large Calculated
deviations arising by chance, such data 1 y2=41.6
may be expected generally to agree more
closely with expectation than genuine
data would.” 1 0.00007
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Outline

Fraud in clinical research
e Deliberate falsification/fabrication of data

e Rare but potentially serious problem

Investigating suspicious data

e Role of the statistician
— Case studies 1 and 2: Investigating data in multi-center clinical trials
— Case study 3: Fallout from disclosure of fraud in a multi-center clinical trial

e Some statistical tools
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Case study 1

International, multi-center study

Quality assurance contacts Biostatistics department with open-ended
request to look into data at Site Y

e \What next?
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Case study 1 — subject enrollment

Site Y noted to be one of the highest enrolling sites

Always enrolled multiple subjects

e Not necessarily unusual, but allows possibility of creating fictitious data

14

No. enrolled

31JUL 10DEC

Dropouts:
e No dropouts during lead-in (vs. 10% d/c at other sites)

e No dropouts over 6-10 months on study (vs. 13% annualized d/c rate at other sites)
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Case study 1 — variability of site-measured data

Site-measured data (e.g., vital signs) theoretically easiest to fake
Variability in change from baseline data at Site Y assessed and
compared vs. that of 24 other sites
e Systolic BP
e Heart rate

e Weight
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Case study 1 — variability of site-measured data

Systolic BP changes
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Case study 1 — variability of site-measured data

Heart rate changes
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Case study 1 — variability of site-measured data

SD of values at each site
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Case study 1 — variability of [ab-measured data

Laboratory values presumably more difficult to falsify directly
(measured by central lab)

e For a single visit, variability of lab changes from baseline assessed
and compared vs. other sites

e For each sampling date, lab data searched for (nearly) identical
values
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Case study 1 — variability of [ab-measured data

] Changes in laboratory measurements at Visit 2
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Case study 1 — summary

Repeatedly lower variability of site-measured data
e Consistent with concept that it is difficult for made-up data to have sufficiently large
variability
Repeatedly higher variability of laboratory value changes

e Speculation: assuming within-subject lab values are correlated, poor matching of
baseline and visit data samples by the site could result in larger-than-expected
variability

On several dates, lab results from different subjects nearly identical

Result
e Re-audit of site inconclusive; site request to enroll more subjects denied
e Sensitivity analyses excluding data from Site Y performed
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Case study 2

International study, 33 sites

Quality assurance department contacts project statistician with request
to assess data from the site

e Concerns about data from a subject-completed questionnaire

— Key question: “How would you rate your current state of health
from ‘0" to “100°?”

e \What next?
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Case study 2 — global health state question

Site X had somewhat higher values than most sites, but neither mean
nor standard deviation appear to be outliers
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Case study 2 — How would you rate your current state of health
from 0 to 1007
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Case study 2 — What % of responses were multiples of 5?
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Case study 2 — What % of responses were multiples of 57
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Case study 2 — What % of responses were multiples of 57
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Case study 2 — site-measured data

Systolic BP (mm Hg) Temperature (°F)
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Case study 2 — distribution of heart rate data
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Case study 2 - summary

Obvious separation between Site X and other sites on global health
state question

Unusual site-measured data, particularly heart rate

Result
e Site X shut down subsequent to QA audit

e CSRincluded sensitivity analyses excluding data from Site X
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Case study 3 — Why worry?

Safety study of Ketek (n=24,000)

e Jan 2002: Sponsor “uncomfortable” with highest-enrolling site
(Site Z, n=407), requires “additional monitoring”

e Feb 2002: CRO noted to sponsor:
— Lack of “proper diagnosis for an appropriate medical condition”
— “Very limited” medical charts
— Lab results “suspiciously similar” for multiple patients
— Subjects enrolling during lunch when office closed

e Mar 2002: Sponsor statistician internal report:

— Lab results for Site Z “consistent” with other top enrollers,
“systematic pattern [of fraud] is unlikely”
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Case study 3 — Why worry?

July 2002: Sponsor submits study to FDA without mention of any
problems with Site Z

Fall 2002: FDA conducts site audits of highest enrollers. At Site Z:
— Some patients reported never receiving medication

— Some patients treated for weight loss, not respiratory infections
— Some patients family and friends of investigator

Early 2003: AIDAC convenes, concerns about study not mentioned
by sponsor or FDA

— Committee votes for approval
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Case study 3 — Fallout

1 May 2006

. : “Fraud, errors taint key study of widely used Sanofi drug”

. from Sen. Grassley (R-lowa): “Grassley slams FDA for
citing fraudulent safety study”

14 June 2006

. : “Unsafe drug makes it to market?”
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http://www.wsj.com/articles/SB114644463095840108
http://www.grassley.senate.gov/news/news-releases/grassley-slams-fda-citing-fraudulent-safety-study
http://grassley.senate.gov/news/Article.cfm?customel_dataPageID_1502=9696
http://abcnews.go.com/WNT/video/unsafe-drug-makes-market-2077384
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Statistical tools for detecting counterfeit data

Digit preference
e Unnatural affinity for round numbers
e Site X: unnatural aversion to round numbers
e Benford’s law: for variables with large enough dynamic range, the probability that
the first significant digit is D is P(D) ~ log,,(D+1) — log,,(D)

Date checking
e Visits usually don’t occur on weekends! (WEEKDATE function in SAS)
e Memorial Day/Labor Day/Thanksgiving; UK bank holidays

Mahalanobis distance

e Detecting multivariate inliers and outliers

Correlation heat maps for questionnaire data
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Digit preference — Benford’s law in action

Baseline viral load (copies/mL) in an HIV study

e (n~600, data range 1000 to ~6,000,000)
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Mahalanobis distance

Measures distance between 2 data vectors (or a data vector and a
mean vector), accounting for covariance structure

M =(x- )27 (x - p)
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Mahalanobis distance example

Average Mahalanobis distance calculated for Case Study 1 by site

e Change from baseline to each visit for Systolic BP, heart rate, weight
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Mahalanobis distance example

Average Mahalanobis distance calculated for Case Study 1 by site

e Change from baseline to each visit for Systolic BP, heart rate, weight
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Summary

Counterfeit data in clinical trials
e Rare
e Serious

e Can be reduced
— Simplify eligibility criteria and minimize required data

e Can be detected
— Plausible data are difficult to invent

When counterfeit data are detected

e |Impact should be quantified
— Analyses with/without site in question?

e |n multicenter trials, impact may be negligible
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Technology considerations before you take-off
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“We're all very excited. Most of the other consultants
do everything in a slide show presentation.”
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Understand the complex technology and industry landscape
Determine where to start: study level vs. enterprise level

Change management considerations

N N

AbbVie’s Journey
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Transcelerate published the Risk Based Monitoring position paper in
June 2013

e Comprehensive framework

e RACT and other tools g .

' ¢
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We are playing in the R&D space

Operations are unique at different companies

Same task is performed by different roles at different companies
Variable technology maturity levels (e.g. Issue tracking)

Different technology solutions for the same process (EDC)

CROs

Outsourcing

Global variability

Regulatory expectations (FDA vs. EMA)

M&A
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Where to Start

Find your data

Establish seamless access to data
Adjust SLAs to enable data access
Find people who are data savvy

Build the process
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Start with a prototype

Understand your current state
|dentify key gaps and address them
Assess potential vendors

Invest in a long term solution
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Validate data
Validate process
Validate people’s knowledge

Validate system
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AbbVie’'sJourney

Process
XENNEN |
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ATOM — AbbVie Trial Oversight Methodology
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Process Workshops
Translate methodology into AbbVie’s context
Recognize the limitations and possibilities

Pick the right study
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Rapid prototyping methodology

Get toys in the hands of the users
Don’t try to get it perfect

Enhance experience (e.g. Snapshots)
Understand the appetite

Manage the wish-list
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A highly flexible solution that provides a tailored user experience, cross-functional capabilities, and
harmonized data united from multiple applications into a single source of truth by joining formerly silo’d
applications and data.

Presentation Layer
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Countries Overview Site(s) Risk Overview
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Queries per Site (on Critical DP) CRF Completion Time vs Missing Pages
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Make organizational adjustments.

Formalize the approach

Enhance the infrastructure

Modernize the technology landscape (eTMF)

Keep learning and tuning

We believe the Journey never ends
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1. Control your data to control your RBM initiative
2. Find the right people
3. Don’ttry to get it right the first time
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