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ABSTRACT

Purpose To provide estimates of the number and types of drugs that can be monitored for safety surveillance using electronic healthcare
databases.

Methods Using data from eight European databases (administrative claims, medical records) and in the context of a cohort study, we determined
the amount of drug exposure required for signal detection across varying magnitudes of relative risk (RR). We provide estimates of the number and
types of drugs that can be monitored as a function of actual use, minimal detectable RR, and empirically derived incidence rates for the following
adverse events: (i) acute myocardial infarction; (ii) acute renal failure; (iii) anaphylactic shock; (iv) bullous eruptions; (v) thabdomyolysis; and (vi)
upper gastrointestinal bleeding. We performed data simulation to see how expansion of database size would influence the capabilities of such system.
Results Data from 19 647 452 individuals (59 594 132 person-years follow-up) who used 2289 drugs in the EU-ADR network show that for
a frequent event such as acute myocardial infarction, there are 531 drugs (23% of total) for which an association with RR =2, if present, can be
investigated. For a rare event such as rhabdomyolysis, there are 19 drugs (1%) for which an association of same magnitude can be investigated.
Conclusion Active surveillance using healthcare data-based networks for signal detection is feasible, although the leverage to do so may
be low for infrequently used drugs and for rare outcomes. Extending database network size to include data from heterogeneous populations
and increasing follow-up time are warranted to maximize leverage of these surveillance systems. Copyright © 2012 John Wiley & Sons, Ltd.
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INTRODUCTION in ‘real-world’ practice. Over the past four decades,

individual case safety reports — also known as spontane-
ous reports — have been the cornerstone of drug safety
surveillance post-marketing. Spontaneous reporting
systems elicit reports from both health professionals
and patients, but they derive their key strength from
the reporting physician’s astute clinical observation
and insight in assessing the likelihood of an adverse

Safety data of newly marketed drugs are limited
because of small and selective groups of individuals
included in clinical trials. Characterization of the full
safety profile of drugs thus relies on the careful
observation and systematic monitoring of their effects
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event being drug induced. Although pharmaceutical
companies are obliged to submit reports of suspected
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severe and serious reactions to regulatory authorities
the mostly voluntary, and hence passive, nature of
spontaneous reporting systems lends itself to various
limitations. These limitations include significant under-
reporting, inability to provide incidence rates (IRs) due
to lack of information on user population and patterns
of drug use, double-counting of reports pertaining to
the same incident, and bias in reporting of adverse
events related to drugs that get media attention.'
Prompted by the safety issues surrounding rofecoxib
(Vioxx), there has been a shift towards utilizing linked
electronic healthcare databases for active drug safety sur-
veillance.*~” The Sentinel Initiative was established after
the US Food and Drug Administration (FDA) Amend-
ments Act mandated the creation of a new post-marketing
surveillance system that, by 2012, will be using electronic
health data from 100 million people to prospectively
monitor the safety of marketed medical products.®® The
Observational Medical Outcomes Partnership (OMOP),
a public—private partnership among the FDA, academia,
data owners, and the pharmaceutical industry, and admin-
istered by the Foundation for the National Institutes of
Health, has been tasked with the development and eval-
uation of methods and data infrastructure to address the
needs of an active surveillance system.!®!! Similar
initiatives are ongoing in Canada'?> and in Europe.
The EU-ADR project (Exploring and Understanding
Adverse Drug Reactions by Integrative Mining of
Clinical Records and Biomedical Knowledge, http://
www.euadr-project.org) is a collaboration of 18 public
and private institutions representing academic research,
general practice, healthcare services administration,
and the pharmaceutical industry. The project, initiated
in 2008, is funded by the European Commission.!3
Data mining on healthcare databases generates statis-
tical associations between drug exposure and adverse
outcomes and can augment the current passive—reactive
system and facilitate earlier detection of potential safety
issues. Although such an approach for safety surveil-
lance is promising, the question arises as to what this
type of surveillance can add to existing systems and
whether these database platforms have enough power
to adequately detect safety signals. In this paper, we esti-
mate for how many and for which types of drugs safety
signals might be detected as a function of actual drug
use, minimal detectable relative risk (RR), and IRs of
events as observed in the EU-ADR database network.

METHODS

Data sources

The EU-ADR platform currently comprises data from
eight electronic healthcare databases in four European

Copyright © 2012 John Wiley & Sons, Ltd.

countries.'* Health Search/CSD LPD (HSD, Italy),
Integrated Primary Care Information (IPCI, The
Netherlands), Pedianet (Italy), and QRESEARCH
(UK) are population-based general practice databases,
in which clinical information and medication prescrip-
tions are recorded. Aarhus University Hospital Data-
base (Aarhus, Denmark), PHARMO Network (The
Netherlands), and the regional Italian databases of
Lombardy and Tuscany are all comprehensive record-
linkage systems, in which drug dispensing data of
regional/national catchment area are linked to a registry
of hospital discharge diagnoses and other registries.
The majority of healthcare services, including pharma-
ceutical services, are provided for, or subsidized by, the
state in Italy, Denmark, and the UK and covered by
obligatory health insurance in the Netherlands. In all
of these countries, general practitioners function as
‘gatekeepers’ of the healthcare system. Data from the
different databases were pooled using a distributed
network approach, in which data holders maintain
control over their protected data, and only aggregated
data are shared with the rest of the network. This was
carried out through generation of the data into a
common format followed by local aggregation using

custom-built software, Jerboa®.!4

Drug exposure

We categorized drug use using the World Health Orga-
nization’s (WHO) Anatomical Therapeutic Chemical
(ATC) classification system'> and measured exposure
in terms of person-years (PYs). We further analyzed
drug use by anatomic groups (ATC first level), by ther-
apeutic category (ATC second level), and by distinct
chemical entities (ATC fifth level).

Events

We have chosen in EU-ADR an event-based approach
to active drug safety surveillance, focusing only on the
most serious and relevant events. These events were
chosen from a ranked list of 23 adverse events judged
as important in pharmacovigilance on the basis of the
following criteria: (i) ‘trigger for drug withdrawal’;
(i1) ‘trigger for black box warning’; (iii) ‘leading to
emergency department visit or hospital admission’;
(iv) ‘probability of event to be drug related’; and (v)
‘likelihood of death’.'® For this paper, we considered
the following top-ranked six events because they vary
in occurrence from frequent to rare and thereby repre-
sent a broad range of events: (i) acute myocardial
infarction; (ii) upper gastrointestinal bleeding; (iii)
acute renal failure; (iv) anaphylactic shock; (v) bullous
eruptions; and (vi) rhabdomyolysis.
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We identified the events of interest in the databases
using an iterative process that included definition of
events based on clinical criteria established from
literature, using diagnosis codes and free text as well
as laboratory findings when available. Databases in
EU-ADR use one of four nomenclature systems to
code the events.'* To extract the same events across
databases, these different terminologies were mapped
using the Unified Medical Language Systeml, a bio-
medical terminology integration system handling more
than 150 terminologies.!” The mapping ensured that
all events were described using a common language.
We inspected differences in event ascertainment by
comparing data queries and age-specific and standard-
ized IR of the events (direct standardization was car-
ried out using the WHO World Standard Population).'®
The processes of terminology mapping, harmoniza-
tion, and benchmarking of event extractions from the
various databases have been described in more detail
in other publications.'3-16:19

Required amount of drug exposure to detect safety
signals

Given the pooled population-based IR of six events
that were estimated directly within EU-ADR, we cal-
culated the total amount of PY's of exposure that would
be required to detect an association between a particu-
lar drug and a particular event over varying magni-
tudes of RR of 2, 4, and 6 using one-sided significance
level 2=0.05 and a power of 80% (f=0.2). To esti-
mate what the required amount of exposure would be
for specific strengths of signals to be detected, we used
the formula as described in the Appendix.?®2? We
subsequently determined the number and types of
drugs for which there would be sufficient data for
safety monitoring. We likewise investigated how cor-
rection for multiple comparisons would influence the
number of drugs that can be monitored by applying
the Bonferroni correction.??

Simulation: how much power would be gained with an
increase in the size of the database network?

Following on the premise that an increase in the size
of the database network would translate to an increase
in the power to detect safety signals, we performed a
simulation to determine how the percentage of drugs
that can be monitored would change if more data
become available. We calculated the maximum per-
centage of drugs that could be investigated for ‘strong’
(i.e., RR=6), ‘moderate’ (i.e., RR=4), and ‘weak’
(i.e., RR=2) associations if the EU-ADR platform

Copyright © 2012 John Wiley & Sons, Ltd.

were expanded to 10 times its current size, assuming
the same patterns of use.

RESULTS

The current population of the EU-ADR network con-
sidered for this analysis comprised 19 647 452 individ-
uals with 59594 132 PYs of follow-up (from 1996 to
2008). A total of 2289 drugs (i.e., distinct chemical
entities, ATC fifth level) were used across the network
within the study period. An overview of exposure to all
drugs, at the anatomical level of the ATC classification
and across different age categories, is illustrated in
Figure 1. Cardiovascular medications accounted for
the largest exposure time (14 110725PYs, 38% of
exposure time to all drugs), followed by drugs acting
on the alimentary tract/metabolism (4104 330PYs,
11%), and nervous systems (4070445PYs, 11%).
More than half of the exposure time to all drugs came
from the elderly population (65 years old and above):
19564 584 PYs (53%). Children made up 20% of the
population but only contributed 3% of total drug expo-
sure time (1278 639 PY5s).

Required amount of exposure for signal detection

The amount of drug exposure necessary to enable detec-
tion of ‘weak’ (RR =2), ‘moderate’ (RR =4), or ‘strong’
(RR =6) associations for each of the six events of inter-
estis given in Table 1. As expected, a greater amount of
exposure is required to detect an association for events
with very low background IR (Figure 2). In the case of
rhabdomyolysis (IR=2.5/100000PYs), 323897 PYs
of exposure to a particular drug would be necessary to
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Figure 1. Overview of exposure to all drugs (grouped according to ATC
first level) by age categories
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Table 1.
varying incidence rates

Amount of drug exposure that would be required to identify potential safety signals of varying strengths concerning six events of interest with

Event Incidence Relative risk of event to be detected
rates (per
100000 Weak association Moderate association Strong association
person- (relative risk =2) (relative risk =4) (relative risk = 6)
years)
Required No. of drugs that can Required No. of drugs that can Required No. of drugs that can
exposure be investigated exposure be investigated exposure be investigated
(person- (% of total) (person- (% of total) (person- (% of total)
years) years) years)
Actual *  Simulated” Actual *  Simulated” Actual *  Simulated”
Acute myocardial 170.8 4706 531 1018 721 939 1435 322 1107 1607
infarction 23) (44) (41) (63) (48) (70)
Upper 66.8 12028 361 836 1842 755 1237 822 905 1403
gastrointestinal (16) 37) 33) (54) (40) 61)
bleeding
Acute renal failure 26.4 30397 221 638 4654 534 1021 2078 730 1201
0) (28) (23) “45) (32) (52)
Bullous eruptions 5.9 135993 74 341 20823 282 729 9297 404 885
(€)) 5) 12) (32) U3) (39
Anaphylactic shock 5.7 141939 72 330 21733 272 723 9704 396 877
(€)) 4 (2) (32) u7) (38)
Rhabdomyolysis 2.5 323897 19 214 49593 170 522 22143 270 717
()] ©) @) (23) 2) (€2

*Number (count) of drugs refers to number of distinct ATC codes recorded with adequate exposure in the current EU-ADR database platform; total number of
ATC codes recorded in EU-ADR =2289. Some drugs have multiple ATC codes for different indications of use.
"Number (count) of drugs with adequate exposure if the EU-ADR database platform were to be expanded to 10 times its current size.
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1000000 | Legend:
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g
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Figure 2. Relationship between background incidence rate and amount of drug exposure required to identify a potential safety signal

detect a ‘weak’ association, whereas 49593 PYs and
22143 PYs would be needed to detect ‘moderate’ and
‘strong’ associations, respectively. Exposure requirements
for the similarly rare events anaphylactic shock (IR =5.7/
100000 PYs) and bullous eruptions (IR =5.9/100 000 PYs)
are also given in Table 1. The amount of drug exposure
data required to detect associations of certain risk
would be correspondingly lower for relatively more
frequent events. At least 4706 PYs of drug exposure
would be required to identify a safety signal for acute

Copyright © 2012 John Wiley & Sons, Ltd.

myocardial infarction (IR=171/100000PYs), whereas
at least 12 028 PY's would be required for upper gastroin-
testinal bleeding (IR =66.8/100 000 PYs), both at RR of
2. For acute renal failure (IR =26.4/100000PYs), the
requisite exposure would be 30397PYs to detect a
‘weak’ association.

Table 1 also shows the number (count) of drugs that
can be investigated to detect ‘weak,” ‘moderate,” and
‘strong’ associations for the six events, on the basis
of the current size of the network. It shows that the
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number of drugs for which signals can be detected with
enough power increases if the minimal RR that we
want to detect increases, which is expected from the
power calculations. In acute myocardial infarction,
for example, the current EU-ADR network would
allow for detection of RR estimates of 2 and above
for 531 drugs (23% of total). For 939 drugs, an associ-
ation with RR of 4 can be detected with enough power
and for 1107 drugs, an association with RR of 6 or
more can be detected. For the least frequent event rhab-
domyolysis, these numbers are 19, 170, and 270 drugs
for ‘weak,” ‘moderate,” and ‘strong’ associations, respec-
tively. Table 2 shows the exposure requirements and the
corresponding number of drugs that can be investigated
when multiple comparisons are taken into account using
Bonferroni correction (total number of potential signals =
4990). For acute myocardial infarction, the number of
drugs for which RR estimates of 2 and above would be
detected decreases to 306 (13% of total). For 702 drugs,
an association with RR of 4 can be detected with enough
power; for 883 drugs an association with RR of 6 or more
can be detected. For the least frequent event rhabdomy-
olysis, these numbers are 1, 63, and 151 drugs for ‘weak,’
‘moderate,” and ‘strong’ associations, respectively.
Table 3 shows the total exposure time and number
of drugs (distinct ATC fifth level codes, chemical sub-
stance) within each main anatomical group in the
network. For most of the anatomical main groups,

Table 2.

the percentage of drugs for which we would have
5000 PYs of exposure (which would allow for detec-
tion of a ‘weak’ association for a frequent event such
as acute myocardial infarction) or 50000 PYs of expo-
sure (this amount would allow for detection of a ‘moder-
ate’ association for a rare event such as rhabdomyolysis)
is far below 50% of the total number of drugs in the net-
work. It is also evident from Table 3 that only for the
most frequently used classes of drugs is there power to
detect safety signals within this range. Furthermore, that
percentage is less than 15% for some important drug
classes such as antineoplastic and anti-infective agents.

What size is needed?

Data simulation showed that if the EU-ADR platform
were to be expanded to 10 times its current size, assum-
ing the same patterns of use, the maximum percentage
of drugs that can be investigated for acute myocardial
infarction with adequate power is 44% (1018 drugs)
at an RR of 2, 54% (1237 drugs) for upper gastrointes-
tinal bleeding at RR of 4, and 9% (214 drugs) for
rhabdomyolysis at RR of 2. For strong associations
(RR of 6) with acute renal failure, 1201 drugs (52%)
would be investigated, whereas less than 40% of all
drugs in the database network would be investigated
for both anaphylactic shock and bullous eruptions
(Table 1). With Bonferroni correction, the maximum

Amount of drug exposure that would be required to identify potential safety signals of varying strengths concerning six events of interest with

varying incidence rates, taking into account multiple comparisons (Bonferroni correction)

Event Incidence Relative risk of event to be detected
rates (per
100000 Weak association Moderate association Strong association
person- (relative risk =2) (relative risk =4) (relative risk =6)
years)
Required No. of drugs that can Required No. of drugs that can Required No. of drugs that can
exposure be investigated exposure be investigated exposure be investigated
(person- (% of total) (person- (% of total) (person- (% of total)
years) years) years)
Actual*  Simulated” Actual*  Simulated” Actual*  Simulated”
Acute myocardial 170.8 17422 306 765 2301 702 1175 937 883 1387
infarction (13) (33) (31) (51) (39) (61)
Upper gastrointestinal 66.8 44524 184 542 5882 487 972 2395 691 1164
bleeding (8) (24) (21) (42) (30) (51)
Acute renal failure 26.4 112520 89 372 14 864 323 795 6054 485 965
4) (16) (14) (35) (21) (42)
Bullous eruptions 59 503410 9 169 66502 146 466 27083 236 662
(<I) (7) (6) (20) (10) (29)
Anaphylactic shock 5.7 525420 9 164 69410 140 464 28267 231 652
(<I) (7) (6) (20) (10) (28)
Rhabdomyolysis 2.5 1198983 1 83 158390 63 319 64505 151 473
(<I) ) 3) (14) (7) (21)

*Number (count) of drugs refers to number of distinct ATC codes recorded with adequate exposure in the current EU-ADR database platform; total number of
ATC codes recorded in EU-ADR =2289. Some drugs have multiple ATC codes for different indications of use.
"Number (count) of drugs with adequate exposure if the EU-ADR database platform were to be expanded to 10 times its current size.

Copyright © 2012 John Wiley & Sons, Ltd.
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Table 3. Total exposure time in person-years (PYs) and number of drugs (distinct ATC fifth level codes, chemical substance) within each main anatomical

group in the current EU-ADR database network

Total exposure in

Total number of

% of drugs with 5000 PYs % of drugs with 50000 PYs

Anatomical class (ATC I level) PYs drugs’ exposurei exposure’
Cardiovascular (C) 14110725 271 39 23
Alimentary tract and metabolism 4104330 307 21 6
(A)

Nervous (N) 4070445 320 28 6
Blood (B) 3262772 120 21 8
Respiratory (R) 2968902 172 24 12
Genitourinary (G) 2579467 147 31 9
Musculoskeletal (M) 1833924 108 25 12
Anti-infectives (J) 1067271 268 14 1
Sensory (S) 860 164 152 14 3
Dermatologicals (D) 845916 180 18 4
Antineoplastics (L) 285206 114 10 1
Antiparasitic (P) 86411 39 8 0
Various (V) 9721 45 0 0
Total 36085254 2243 253 85

":Total number (count) of drugs within each class recorded with adequate exposure in EU-ADR to detect at least one of the events of interest.
1Exposure of 5000 person-years corresponds to the exposure that would allow for detection of a ‘weak’ association (i.e., relative risk of 2) with a frequent event

such as acute myocardial infarction.

SExposure of 50 000 person-years corresponds to the exposure that would allow for detection of a ‘moderate’ association (i.e., relative risk of 4) with a rare

event such as rhabdomyolysis.

percentage of drugs that can be investigated for acute
myocardial infarction with adequate power becomes
33% (765 drugs) at an RR of 2, 42% (972 drugs) for
upper gastrointestinal bleeding at RR of 4, and 4%
(83 drugs) for rhabdomyolysis at RR of 2. For strong
associations (RR of 6) with acute renal failure, 965
drugs (42%) would be investigated, whereas less than
30% of all drugs in the database network would be
investigated for both anaphylactic shock and bullous
eruptions (Table 2).

Adjusting level of significance in view of exploratory
nature of signal detection

As a post hoc analysis, we re-calculated the exposure
requirements with a more lenient significance level
(i.e., «=0.10). The person-time of drug exposure
required to detect a signal was predictably lower for
all the events, and the increase in number of drugs that
may be investigated ranged from 1% to 3% across all
magnitudes of RR (Figure 3). This was true for the
current database network as well as for the simulated
expanded platform (Supplementary Table 1A). With
correction for multiple comparisons taken into account,
the maximum gain in the number of drugs that may be
investigated was 1% (Supplementary Table 2A).

DISCUSSION

In the new era of active drug safety surveillance using
linked electronic healthcare databases, we need to

Copyright © 2012 John Wiley & Sons, Ltd.

know how big a database network or system must be
to have the power to detect signals of potential safety
issues. Database size (variously measured as total pop-
ulation, total follow-up time, or total exposure time to
drugs) is important in understanding its capability for
meaningful signal detection. The overall size of a data-
base is not the determinant of the statistical power to
detect safety signals but rather the drug exposure
data.>* Hence, it is not sufficient to know the total
number of individuals contributing to the database;
we specifically want to determine whether drug expo-
sure in the database is ‘big enough’ that an adverse
effect of such magnitude as to be scientifically signif-
icant will also be statistically significant. Our findings
show that (i) linking of healthcare databases for active
drug safety surveillance is feasible in Europe, although
the leverage to do so may be too low for very rare
events and for drugs that are infrequently used, or cap-
tured, in the databases; and (ii) such a system has more
power to detect signals with lower strength of associa-
tion for the relatively frequent events such as acute
myocardial infarction and upper gastrointestinal bleed-
ing. The number (i.e., count) of drugs that can be in-
vestigated to detect associations with adverse events
at varying magnitudes of RR gives a more quantitative
picture of the capability of such a system for safety
surveillance: as the strength of the association to be
detected goes up, the number of drugs that can be
investigated also increases.

We used the classifications ‘weak,” ‘moderate,” and
‘strong’ for associations having RR of 2, 4, and 6,

Pharmacoepidemiology and Drug Safety, (2012)
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Figure 3. Change in the number of drugs that may be investigated for signal detection when the acceptable probability of error is increased from o =0.05 to

o=0.10

respectively, which is arbitrary as we have no defined
rules for this in epidemiology. To date, there is nothing
in the literature that categorically defines which magni-
tude of risk would be considered strong, weak, or
moderate, although, conventionally, epidemiologists
consider an association with RR of less than 2.0 a weak
association.?’

Although relatively frequent in the general population,
acute myocardial infarction is an event that is weakly as-
sociated with drug use (RR for rofecoxib is 1.43, 95%
confidence interval [CI]: 1.16 to 1.76).2° Population-
based healthcare data from EU-ADR, however, can still
provide risk information for acute myocardial infarction
on a considerable number of drugs. A larger amount of
exposure is required to detect signals for events having
very low IRs such as anaphylactic shock, bullous erup-
tions, and rhabdomyolysis. This may be less of a problem
when such event also happens to be strongly associated
with drug use, as is the case for anaphylactic shock and
bullous eruptions (i.e., Stevens—Johnson syndrome and
toxic epidermal necrolysis). The RR of anaphylactic
shock with use of penicillins in hospitalized patients,
for example, has been estimated to range from 7.5
(95%CI: 2.9 to 19.6) to 10.7 (95%CI: 3.5 to 32.5),%’
whereas the RR of bullous eruptions associated with

Copyright © 2012 John Wiley & Sons, Ltd.

use of trimethoprim—sulfamethoxazole and other sulfon-
amide antibiotics has been estimated to range from 21
(95%CI: 2.3 to 172) to 172 (95%CI: 75 to 396).282°
On the other hand, rhabdomyolysis (despite its known
association with statins) is not an event that is usually
attributed to use of medications, traumatic injuries, and
recreational drug use being more likely etiologies.*®
Moreover, rhabdomyolysis itself belongs to a spectrum
of conditions ranging from clinically benign myalgia
to overt renal failure, and distinguishing among these
conditions may not always be easy when mining health-
care databases. The estimated RR for rhabdomyolysis
with use of statins is 1.4 (95%CI: 0.45 to 4.4).31:32

It is also clear that use of electronic healthcare data-
bases for safety surveillance will be most powerful for
more frequently used classes of drugs. Very few or
only very ‘strong’ signals may be detected for drugs
that are seldom used or whose use is incompletely cap-
tured in the databases, either because they are utilized
only in-hospital or in specialized institutions not cov-
ered by the databases, or because they are not reim-
bursed. It is worthwhile to note that although ‘weak’
adverse event associations (e.g., increased cardiovas-
cular risk with pain medications) may not be signifi-
cant on the individual level, they may have a large

Pharmacoepidemiology and Drug Safety, (2012)
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public health impact if a huge proportion of the popu-
lation is exposed. Non-steroidal anti-inflammatory
drugs (NSAIDs), for example, are among the most
widely used drugs.

How big should the network be?

Timely detection of safety signals requires a large pop-
ulation that is representative of the entire spectrum of
medication users as well as an extensive observation
period, particularly for events that are rare or have a
long latency.?>-*3 Intuitively, it makes sense to expect
that a single database may not have sufficient data to
allow for adequate and timely signal detection; there
is strength in numbers. Indeed, it has been pointed
out that reliance on a single database could reduce
statistical power and data diversity.>* One of the pre-
sumed benefits of combining international healthcare
databases for safety surveillance is the ability to assess
exposures to a larger variety of drugs and to character-
ize use of drugs within a wider range of the population.
In a previous publication, we showed that patterns of
use varied among different countries but were similar
among different databases in the same country.!'4
Extending the database network, in terms of both
follow-up time and additional databases, is desirable
and is becoming more feasible with the establishment
of the European Network of Centres for Pharmacoe-
pidemiology and Pharmacovigilance.* If the EU-
ADR network would be expanded to 10 times its
current size, assuming the same patterns of use, the
maximum percentage of drugs that can be investi-
gated for acute myocardial infarction is 44% at an
RR of 2, 54% for upper gastrointestinal bleeding at
an RR of 4 (RR of upper gastrointestinal bleeding
during use of NSAIDs is around 4)*3, and 23% for
rhabdomyolysis at an RR of 4. Even for events
strongly associated with drug use, the maximum per-
centage would still be less than 50% of the total
number of drugs in the network. Thus, it is likely
not feasible to monitor the safety of all drugs in
the databases, regardless of whether the associated
adverse events are rare or frequent.

Statistical significance and the exploratory nature of
signal detection

A 5% significance level is generally deemed desirable
for the purpose of minimizing the probability of ob-
serving false positive associations. This value is fairly
arbitrary, however. Although this significance level is
customarily employed in most epidemiologic studies
seeking to confirm drug—event associations, this re-
quirement may not be appropriate in the context of
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exploratory signal detection. As a post hoc analysis,
we re-calculated the exposure requirements when the
acceptable probability of error is lower (i.e., «=0.10).
The exposure requirements were predictably reduced
for all events, although the increase in the number of
drugs that may be investigated was marginal, ranging
from 1% to 3% across all magnitudes of RR. This
was true for the current database network and for the
simulated expanded database platform. With multiple
testing already factored in the exposure calculations,
there is a very small gain in number of drugs that
may be investigated (at most 1% across all events),
which indicates that maintaining o« =0.05 may be suit-
able, even for signal detection.

How reliable are the data from the network?

All of the databases in EU-ADR have been widely
used for pharmacoepidemiologic research, have well-
developed safeguard mechanisms ensuring patient
data protection, and have been validated for a variety
of drug exposures and clinical outcomes.>** Because
data from medical records databases are derived from
physician office records, they capture information of
a different nature from that of administrative data-
bases, which are derived from claims for hospitaliza-
tion and other healthcare services. In an -earlier
publication, we reported that IRs of upper gastrointes-
tinal bleeding observed in EU-ADR were in line with
previously published literature.!* The databases cap-
ture information on outpatient (pharmacy-based) drug
use. Drugs utilized in-hospital or in specialized institu-
tions are not registered by the databases, and specific
drug groups of interest, such as biologicals (including
cancer chemotherapeutic agents and vaccines), are
captured only if provided through the routine dispens-
ing system.

Implications for safety surveillance and clinical
practice

The driving force behind exploring electronic health-
care databases for active surveillance is the earlier de-
tection, and hence earlier management, of potential
safety issues. However, new drugs that may slowly
penetrate the market will require a large amount of pa-
tient data to comprise a significant user population
within a reasonable period.***” Although it took five
years for rofecoxib to be withdrawn from the market,
it has been posited that if the medical records of 100
million patients would have been available for safety
monitoring, the adverse cardiovascular effect would
have been discovered in just three months, given the
drug utilization patterns in the US.*® On the basis of
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utilization patterns in Europe, the EU-ADR network
would have had enough exposure data to detect an
association between rofecoxib and acute myocardial
infarction within two years after being marketed. It
is evident that if one aims to create a comprehensive
platform that would allow for monitoring the largest
number of drugs possible, the greatest benefit would
be achieved by linking databases from different
countries with diverse utilization patterns. A good
way to start would be to foster collaboration with
existing initiatives such as EU-ADR, FDA Sentinel,
and OMOP.

Although we have raised the issue of statistical
power as being important in safety signal detection,
this is not to say that the usefulness of a database
network is measured only by how much data it can
provide. It can be argued that especially in the case
of longitudinal EHR, there is even greater value in
what kind of data such networks can provide in
terms of estimating incidence of adverse events dur-
ing drug use and across various population sub-
groups. These data are, by themselves, important
for pharmacovigilance and public health regardless
of whether there is sufficient statistical power to
demonstrate a difference with non-use of a drug.
Particularly for adverse events that are rare or inade-
quately described in other data sources, if it can be
shown that the upper bound of the confidence inter-
val of the incidence estimate is within the limits of
what is considered acceptable from a public health
perspective, this may be sufficient to downgrade, or
exclude, a substantial safety problem.

CONCLUSION

In this paper, we have demonstrated that electronic
healthcare data may allow for safety signal detection
of a large number of drugs, although the leverage to
do so may be low for very rare events and for drugs that
are infrequently used, or captured, in the databases.
Extending the size of the database network, in terms
of both follow-up time and additional databases, may
ameliorate this problem.
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KEY POINTS

e There is growing interest in the use of electronic
healthcare databases for active drug safety surveil-
lance, but an important concern is whether these
databases have the data and enough power to mon-
itor all types of drugs and all types of events.

e Healthcare data from the European EU-ADR data-
base network are used to estimate the number and
types of drugs that can be monitored as a function
of actual use, minimal detectable relative risk, and
empirically derived IRs for six adverse events
deemed important in pharmacovigilance. Findings
show that the potential for healthcare data-based
surveillance systems can be maximized in the de-
tection of safety signals associated with relatively
frequent events such as acute myocardial infarc-
tion. A greater amount of drug exposure would
have to be present in the databases to enable
detection of safety signals concerning events with
low IRs such as rhabdomyolysis. Only for the
most commonly used classes of drugs (e.g.,
cardiovascular, gastrointestinal, and neurologic
medications) is there power to detect safety signals
for a ‘weak’ association with a frequent event
(such as acute myocardial infarction) and a
‘moderate’ association for a rare event (such as
rhabdomyolysis).

e Active safety surveillance is feasible using health-
care data-based systems in Europe, although
the leverage to do so may be low for drugs that
are not frequently used. Extending the EU-ADR
database network, both in terms of follow-up time
and additional databases from different countries
with diverse utilization patterns, may allow for
monitoring the largest number of drugs possible.
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SUPPORTING INFORMATION

Additional supporting information may be found in
the online version of this article:

Supplementary Table 1A. Amount of drug exposure

that would be required to identify potential safety
signals of varying strengths concerning six events of
interest with varying incidence rates (at o =0.10).

Supplementary Table 2A. Amount of drug exposure

that would be required to identify potential safety
signals of varying strengths concerning six events of
interest with varying incidence rates, taking into
account multiple comparisons (at o =0.10).

Please note: Wiley-Blackwell are not responsible

for the content or functionality of any supporting
materials supplied by the authors. Any queries (other
than missing material) should be directed to the
corresponding author for the article.
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APPENDIX

Sample size calculations were carried out within the
context of a cohort study using a hypothesis testing
approach. The approximate power formula assumes
that the observed number of adverse events resulting
from exposure to the drug of interest follows a Poisson
distribution with mean RE, where E is the expected
number of events based on background population
rates and R is the relative risk.2%-22 It follows that for
large values of RE, the square root of the observed
events is approximately normally distributed with
mean VRE and variance Y. Now if a random quantity
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has a normal distribution with mean p and variance
2 .

o, the power (1 —f5) of a test to reject the null

hypothesis p =, given that the alternative is true, at

the o level of significance is given by

Zip=Zs—{(u—po)(1/0)}

Substitution of ,LL:‘IRE, ,u0=\/E, and o=1/2 into
this expression yields the following:

Zip=27,— 2(\/R - 1) (\/E)
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