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Empirical assessment of methods for
risk identification in healthcare
data: results from the experiments
of the Observational Medical
Outcomes Partnership®

Patrick B. Ryan abett David Madlgan bd Paul E. Stang,*® J. Marc
Overhage,”® Judith A. Racoosin”’ and Abraham G. Hartzema"#*

Expanded of observational data (both inis ive cluims and electronic
bealth records) qu prompted the development of statistical methods for identifying adverse events associated
with medical products, but the operating characteristics of these methods when applied to the real-world data
are unknown.

Methods: We studied the performance of eight analytic methods for estimating of the strength of associution-
relutive risk (RR) and associated standard error of 53 drug-adverse event outcome pairs, both pesitive and
negative controls. The methods were applicd to a network of ten observational healthcare databases, comprising
over 130 million lives. Performance measures included sensitivity, ly, and positive predictive value of
methods at RR thresholds achieving statistical significance of p < 0.05 orp< U 001 and with absolute threshold
RR > L5, us well as threshold-free measures such as area under receiver operating characteristic curve (AUC).

Results: Although no specific method demonstrated superior performance, the aggregate results provide

and baseline ion for risk i method At i levels of
Satistical significance (RR > 1, p < 0.05), all methods have  false positive rate >18%, with positive predictive
value <38%. The best predictive model, high-dimensional propensity score, achieved an AUC = 0.77. At 50%
sensitivity, false positive rate ranged from 16% to 30%. At 10% false positive rate, sensitivity of the methods
ranged from 9% to 33%.

Conclusions: Systematic processes for risk identification can provide useful information to supplement an
overall safety but of methods suggests a chance
false positive associations. Copyright © 2012 John Wiley & Sons, Ltd.

product 3 i tmarket h it d logic methods; causality;
elcsuums health ucun.l»‘ adverse drug reactions

1. Introduction

The U.S. Food and Drug Administration Amendments Act of 2007 required the establishment of an
“active postmarket risk identification and analysis system’ with access to patient-level observational
data from 100 million lives by 2012 [1]. In this context, we define ‘risk identification” as a systematic
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Abstract

Background Observational healthcare data offer the
potential to identify adverse drug reactions that may be
missed by spontancous reporting. The self-controlled
cohort analysis within the Temporal Pattern Discovery
framework p: the observed-to-expected ratio of

between-patient j in a single
measure.

Objectives  To evaluate the performance of the calibrated
self-controlled cohort analysis within Temporal Pattern
Discovery as a tool for risk identification in observational
healthcare data.

medical during post-exps il peri-
ods with those during a set of distinet pre-exposure control
periods in the same patients. It utilizes an external control
group te account for systematic differences between the
different time periods, thus combining within- and

The OMOP research used data from Truven Health Analytics
(formerly the Health Business of Thomson Reuters), and includes
MarketScan® Research Databases, represented with MarketScan Lab
Supplemental (MSLR, 1.2 m persons), MarketScan Medicare
Supplemental Beneficiaries (MDCR, 4.6 m persons), MarketScan
Multi-State Medicaid (MDCD, 10.8 m persons), MarketScan
Commercial Claims and Encounters (CCAE, 46.5 m persons). Data
also provided by Quintiles™ Practice Research Database (formerly
General Electric’s Electronic Health Record, 11.2 m persons)
database. GE is an electronic health record database while the other
four databases contain administrative claims data.

G. N. Norén () - T. Bergvall - K. Juhlin
Uppsala Monitoring Centre, WHO Collaborating Centre for
International Drug Monitoring, Uppsala, Sweden

e-mail: niklas.noren @who-umc.org

G. N. Norén
Department of Mathematics, Stockholm University,
Stockholm, Sweden

P. B. Ryan
Janssen Research and Development LLC, Titusville, NI, USA

M. I. Schuemie
Department of Medical Informaties, Erasmus University
Medical Center Roiterdam, Rotterdam, The Netherlands

R, h Design Different implementations of the cali-
brated self-controlled cohort analysis were applied to 399
drug-outcome pairs (165 positive and 234 negative test
cases across 4 health outcomes of interest) in 5 real

observational (four with inistrative claims
and one with electronic health records).
Me Per was on real data

through sensitivity/specificity, the arca under receiver
operator characteristics curve (AUC), and bias.

Results The calibrated self-controlled cohort analysis
achieved good predictive accuracy across the outcomes and
databases under study. The optimal design based on this
reference set uses a 360 days surveillance period and a
single control period 180 days prior to new prescriptions. It
achieved an average AUC of 0.75 and AUC >0.70 in all
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Abstract The entire drug safety enterprise has a need to
search, retrieve, evaluate, and synthesize scientific evidence
more efficiently. This discovery and synthesis process would be
greatly accelerated through access to a common framework
that bnngs all relevant information sources logclhn' within a

synthesize evidence so that they can reach a rigorous and
accurate assessment of causal relationships between a given
drug and HOL. Development of the knowledge base will pro-
ceed with the measureable goal of supporting an efficient and
thorough evidence-based assessment of the effects of 1,000
dients across 100 HOIs. This non-trivial task will

This present blish  active i
an open-source community cle to develop a global knowl-
edge base, one that brings together and izes all avail-

result in a high-quality and generally applicable drug safety

able information for all drugs and all health outcomes of interest
(HOISs) from all electronic sources pertinent to drug safety. To
make this vision a reality, we have established a workgroup
within the Ohscrvauoml Hullh Dau Scu:nces and Informatics
(OHDSI, http i.org) The workgroup's
mission is to develop an open dardized k led;

bascfumceﬂecuofmdmlpmducum\duncmaauwo-
cedure for maintaini ding it. The k ge base
will make it simpler fot practitioners to access, mncvc. and
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ge base. It will also yield a reference standard of drug—
HOI pairs that will enable more advanced methodological
research that empiri the of drug
safety analysis methods.

The individuals who possess the expertise to synthesize
evndencemanwdlcnm 's safety are hlndeledby

“islands of i
A workpoup within the Observational Health Data
and Infe ics (OHDSI, http://ohdsi.org)
ive is addressing this issue by i

an open-source community effort to develop a global
knowledge base that brings together and standardizes
all available information for all drugs and all health
outcomes of interest from all electronic sources
pertinent to drug safety

Striving toward the goal of a generally useful
knowledge base, though ambitious, is necessary for
advancing the science of drug safety because it will
make it simpler for practitioners to access, retrieve,
and synthesize evidence so that they can reach a
rigorous and accurate assessment of causal
relationships between a given drug and the health
outcome of interest
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Abstract

The viviow of crealimg accessible, relimble climical evidence by
accessing the clincial experience of hundreds of millions of
patients acrass the giobe ds a reality. Chaervarional Health
Date Sciencer i Infsrmatics (OHDST) Ras bt on
feamings from  the  Ofscrvational  Medical  Cwtcomes
Partnership fo turm methods research and info @ suite
of applications and explaration taals that move the field closer
o the uitimate ol of gemerating evidence ahowt all axpects
af Belthcare fo serve the meeds of patients, clinicians and @il
ather dectsion-makers araund the workd

Keywards:

Hialth Ssvices Research; Dalahises: Dbservation.

Iniroduction

Ohscrvational Health Data Sciences nd laformatics (OHDSI,
promaunced “Chlyssey™) 1] is an imemational collaborative
whose ol is o ereute nd apply uper-somce data analytic
salutions to o large network of health databases to improve
human heshh and wellbeing. The OHDSI team comprises
seademsics, industry scicntists, beallh cone providers, and
regubilors whose Gl mistion @ 1o raeslorn medical

decision making by cresting reliable scientific evidencs about
disease natural history, bealthoare delivery, and the effects of
medical interventions through lerpe-scale  mmalysis  of
observational bealth databases Tor population-level sstimation
amd paticnt-level predictions [2], Cher 90 participants rom

the warld have joimed the collabarative with a vision i
access & network of one billion patients to generate evidence
about all sspects of healthcare, where patients, clinicians and
all paher decision-makers around the world use OHDSI wols
and evidesice every day [3].

Methods

OHDS] grow out af the Observational Medical Dutevencs
Pastmership {OMOP) [4], which was o public-privaie
parinership estiblished in the US o inform the appeoprintc wse
o ubservationl healtheare databases. for studying the efFects
of medieal peoducts, The five-year project developed new
methods in ohservational rescarch and established  an
cbaervational rescarch laharatary. At the conclusion of this
Tive-year project, the DMOP rescarch invesligatons initisted
the OHDSI eflort. The research lsboralory moved to the
Reagan-Udall Foundation for the DA under the knnavation in
Medical Evidence Development and Surveillssce (IMEDS)

Table 1. Tables in the OMOP Common Duta Model V5.0

Ml Domaia Table Mames.
PERSON, CESERVATION_PERKID, m-mnummn nocu-u:!.
Standardised Oineal | PROCEDUNE_DCCLMRENCE, DALG_EXPOSUAL, DEY
Data Tabies CONDATIIN_DCOLRENCE, MEASUREMENT, WO, GREERATION,
3

Stanzardued Hesith
Syvtern Data Tazken

LOCATIDN, CARE_SITE, FIVDER

Economics una Tales | DEVICE_C0T

Stndardized Health | PAYER_PLAN_PERDD, VIST_00GT, SROCEDURE_COST, CAUS_COST,
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Abstract

Introduction Individual case reports arc the main asset in pharmacovigilance signal management. Signal validation is the
first stage after signal detection and aims to determine if there is sufficient evidence to justify further assessment. Throughout
signal management, a prioritization of signals is continually made. Routinely collected health data can provide relevant con-
textual information but are primarily used at a later stage in pharmacoepidemiological studies to assess communicated signals.
Objective The aim of this study was to examine the feasibility and utility of analysing routine health data from a multinational
distributed network to support signal validation and prioritization and to reflect on key user requirements for these analyses
to become an integral part of this process.

Methods Statistical signal detection was performed in VigiBase, the WHO global database of individual case safety reports,
targeting generic drugs and 16 prespecified adverse events. During a 5-day study-a-thon, signal validation and
prioritization were performed using information from VigiBase, regulatory d and the scientific li i
descriptive analyses of routine health data from 10 partners of the European Health Data and Evidence Network (EHDEN).
Databases included in the study were from the UK, Spain, Norway, the Netherlands and Serbia, capturing records from
primary care and/or hospitals.

Results Ninety-five statistical signals were subjected to signal validation, of which eight were considered for descriptive
analyses in the routine health data. Design, execution and interpretation of results from these analyses took up to a few hours
for each signal (of which 15-60 minutes were for execution) and informed decisions for five out of eight signals. The impact
of insights from the routine health data varied and included possible alternative explanations, potential public health and
clinical impact and feasibility of follow-up pharmacoepidemiological studies. Three signals were selected for signal assess-
ment, two of these decisions were supported by insights from the routine health data. Standardization of analytical code,
availability of adverse event phenotypes including bridges between different source vocabularies, and governance around
the access and use of routine health data were identified as important aspects for future development.

Conclusions Analyses of routine health data from a distributed network to support signal validation and prioritization are
feasible in the given time limits and can inform decision making. The cost-benefit of integrating these analyses at this stage
of signal management requires further rescarch.

1 Introduction reports submitted by health care professionals, patients and
pharmaceutical manufacturers [1, 2]. Their analysis informs

The detection, analysis and communication of signals that
indicate a possible causal relationship between a medicine
and an adverse event are key pharmacovigilance priorities.
Signal management relies extensively on adverse event

Published online: 07 October 2023

most regulatory decisions related to safety signals for mar-
keted medicinal products [3, 4]. Signal detection is the first
stage of signal management and can be based on case-by-
case human review of incoming adverse event reports and/or
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