
Validation of Statistical Signal Detection
Procedures in EudraVigilance
Post-Authorization Data
A Retrospective Evaluation of the Potential for Earlier Signalling

Yolanda Alvarez,1,2 Ana Hidalgo,1 Francois Maignen1 and Jim Slattery1

1 European Medicines Agency, London, UK

2 Department of Pharmacology, Therapeutics and Toxicology, Universitat Autonòma de Barcelona,
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Abstract Background: Screening large databases of spontaneous case reports of poss-

ible adverse drug reactions (ADRs) is an established method of identifying

hitherto unknown adverse effects of medicinal products; however, there is a

lack of consensus concerning the value of formal statistical screening proce-

dures in guiding such a process. This study was performed to clarify the

nature of any added benefits and additional effort required when established

pharmacovigilance techniques are supplemented with statistical screening.

Objective: To evaluate whether statistical signal detection in spontaneous

reporting data can lead to earlier detection of drug safety problems and to

assess the additional regulatory work entailed.

Methods: Using the EudraVigilance post-authorization module (EVPM), a

screening procedure based on the proportional reporting ratio (PRR) was

applied retrospectively to examine if regulatory investigations concerning

ADRs in a predefined set of products could have been initiated earlier than

occurred in practice. During the same time period, between September 2003

and March 2007, the number of PRR-based signals of disproportionate re-

porting (SDR) that arose in the same set of products was calculated and

evaluated to determine the number requiring investigation. The outcome is

expressed as the ratio of the number of SDRs requiring investigation com-

pared with the number of signals pre-empted by the statistical screening ap-

proach. In those cases where the signal was discovered earlier, the delay was

calculated between identification by the PRRmethod and by the method that

originally identified the signal.

Results: In 191 chemically different products, 532 adverse reactions were

added to the summary of product characteristics during the study period. Of

these, 405 were designated as important medical events (IMEs) based on a

comprehensive predefined list. Of the IMEs, 217 (53.6%) were identified

earlier by the statistical screening technique, 79 (19.6%) were detected after
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the date at which they were raised by standard pharmacovigilance methods

and 109 (26.9%) were not signalled during the study period. 1561 SDRs re-

quiring further evaluation were detected during the study period, giving a

ratio of 7.2 assessments for each signal pre-empted. The mean delay between

the discovery of signals using the statistical methods in the EVPM and est-

ablished methods in the 217 cases detected earlier was 2.45 years. A review

resulted in clear explanation for why the statistical method had not pre-

empted detection in all but 77 of 188 cases.

Conclusions: The form of statistical signal detection tested in this study can

provide significant early warning in a large proportion of drug safety prob-

lems; however, it cannot detect all safety issues more quickly than other

pharmacovigilance processes and hence it should be used in addition to,

rather than as an alternative to, established methods.

Background

For a number of years, one of the principal
methods used to identify adverse drug reactions
(ADRs) during the post-authorization period has
been inspection and analysis of spontaneous re-
ports from health professionals submitted under
various reporting schemes. The national report-
ing schemes in Europe generally ask that a report
be submitted when an adverse event has occurred
that the sender suspects may be associated with
one of the medicines being taken by the patient
affected. The intended circumstances under
which reports should be submitted and the in-
formation that they should contain are precisely
specified in EU guidelines[1,2] and codified in the
data collection forms. Thus, there is a homo-
geneity to the data collection which suggests that
combination of data from such reports may in-
duce a certain synergy. In other words, that the
combined data may yield more than considera-
tion of the individual case reports. This thought
has led to a number of statistical procedures
being suggested as promising ways of extracting
information about drug safety from the datasets:
so-called signal detection methods.[3]

Evaluation of signal detection methods and
comparison with alternative forms of pharma-
covigilance in the setting of real-life drug safety
problems has proved a challenge. The concern
that a group of patients is currently exposed to

the product dictates that drug safety investiga-
tions are swiftly undertaken on the basis of all
available information combined; thus, reliably
contrasting the impact of different sources of in-
formation is difficult. However, as a result of
backlog reporting, an opportunity to make a re-
latively independent evaluation of signal detec-
tion in a spontaneous reporting database and
other methods of pharmacovigilance has recently
arisen in the EudraVigilance database.

The EudraVigilance[4] post-authorization mod-
ule (EVPM) is a database intended to be a single
repository for all reports of possible serious ad-
verse reactions that concern medicines subject
to a marketing authorization within the EU. It
was set up by the European Medicines Agency
(EMA) in collaboration with EUMember States,
and the first electronic transmissions were in
December 2001. Reports are sent by EU regula-
tory agencies and pharmaceutical companies.
A period of some years was required for all re-
porters to meet the technical conditions for
sending electronic reports and this only became a
legal requirement in November 2005. The EVPM
dataset will be complete when the backlog of re-
ports reported between the creation of the EU
pharmacovigilance system[1] on 1 January 1995
and the start of electronic reporting by each sen-
der has been transmitted into the EVPM. This
process is now in its final stages, with more than
500 000 backlog reports received. The detection
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of new safety signals relies on the current dataset
of more than 1million individual case safety re-
ports, transmitted mostly since November 2005.

The backlog reporting is the feature of EVPM,
which made it different from other spontaneous
reporting databases for much of the setting up
period. Although it now contains almost all the
data that it would have contained had it been set
up using a prospective reporting system since
1995, it in fact represents a compilation of data
that was not available to the EMA during this
time. Hence, it could not have a direct influence
on regulatory decisions during the period of
backlog reporting. Thus, comparison of retro-
spective analyses of EVPM with historical details
of actual regulatory activities can give informa-
tion about the way in which these activities might
have been changed if the EVPM data had been
fully available at the time.

Methods

The study was conducted in two distinct parts.
The first of these assessed the effectiveness of the
statistical technique in finding known safety is-
sues. The second part assessed the numbers of
additional potential safety signals that were gen-
erated by the statistical procedure and hence the
amount of work required to operate the system.
During the current EMA signal detection activ-
ities, any identified signal subsequently under-
goes a standard evaluation procedure that may
result in a regulatory action or, more often, in the
conclusion that a false positive has been ob-
served. Sometimes such evaluations are simple
and sometimes they involve considerable effort;
thus, the costs and consequences of the positives
generated are not easy to specify, but the number
of positives is a reasonable surrogate measure
of the workload penalty resulting from a signal
detection system.

A set of 267 centrally authorized products for
marketing (CAPs) across the EU[5] was selected
for study on the basis that the marketing
authorization holder had been sending electronic
reports to the EVPM for at least 1 year. Although
the system was still in a preliminary phase at this
time, it was intended by this criterion to select

products for which the signal detection cap-
abilities of the system should be similar to those
of a fully established system. The criterion did not
differentiate between new and old products and
hence data were collected over a wide range of
times from authorization. CAPs were chosen be-
cause the EMA has access to full documentation
of regulatory activities for these products. All
CAPs that fulfilled the selection requirement
were used. Not all EudraVigilance reports were
used in this study, the main exclusion being lit-
erature reports, but those used were the same set
that is used in routine EMA signal detection ac-
tivities.

The study design uses elements of both cross-
sectional and cohort methods. Initially, the known
safety issues and potential safety signals were as-
sessed within a time window between September
2003 and March 2007. Thus, this comparison can
be seen as based on a cross-sectional viewpoint,
albeit with an extended temporal dimension.
However, the group of known safety issues were
then investigated over a time period extended back
to product authorization, and possibly much be-
fore September 2003, in order to classify them as
either predicted or not predicted by statistical sig-
nal detection; hence, this latter was more akin to a
cohort study. This combination of methods al-
lowed the study to cover a wide range of products
at all stages of the product life-cycle.

Statistical Methods

The primary outcome of the study is the ad-
ditional time to assess emerging safety issues
gained through earlier detection, and this is
weighed against the number of additional signals
of disproportionate reporting (SDRs) that re-
quire evaluation when statistical screening is in-
troduced. The outcomes were chosen to reflect
the potential practical benefits and drawbacks of
statistical screening methods. Despite some ana-
logies between ADR detection and screening in
clinical settings, the traditional measures of sen-
sitivity and specificity cannot be satisfactorily
estimated as only a partial set of ADRs is
known; thus, there is no equivalent of a clinical
gold-standard test. The distribution of delays
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between SDRs and signals from other pharma-
covigilance methods is presented as Kaplan-
Meier curves and confidence intervals (CIs) for
statistics based on such curves using standard
techniques. CIs on proportions assume binomial
distributions.

The proportional reporting ratio (PRR) is an
estimate of the probability that a spontaneous
report containing a product (X) will mention an
adverse event (Y) divided by the probability that
a report not containing X will mention Y. The
calculation and use of the PRR is discussed by
Evans et al,[6] and details of the way it is used
in signal detection at the EMA can be found in
EMA guidelines.[7] No adjustment was made in
this study for possible confounding variables.
The rule used to define an SDR is that the
lower bound of the central 95% CI on the PRR
is >1, and three or more reports have been
received naming the relevant product and adverse
event.

Assessment of Effectiveness of Proportional
Reporting Ratio (PRR) Signal Detection

The agreed profile of adverse reactions of a
medicine authorized in the EU is contained in a
summary of product characteristics (SPC). The
SPC is updated through regulatory procedures
called type II variations. The EMA database
for tracking regulatory procedures (SIAMED,
WHO ª 1998) was searched to identify all type II
variations to the marketing authorization for the
study products over the period of the study, and
all safety issues added to the SPC (section 4.4 or
4.8) were identified by direct inspection. A re-
searcher then reviewed EMA documentation to
find the earliest date at which the EMA became
aware that a safety signal requiring investigation
had been identified. This date was adopted as the
original date of the discovery of the signal from
established pharmacovigilance activities (index
date). The safety issue was then mapped to a
Medical Dictionary for Regulatory Affairs

(MedDRA�)1 preferred term (PT) or group of
PTs.[8]

Although the EU guideline[1] on SPCs requires
the use of MedDRA (preferably at the PT level)
to describe adverse reactions in the undesirable
effects section (section 4.8) of the SPC, effecting a
map between the MedDRA terms used in the
SPC and those used in ADR reporting is not al-
ways easy. In part, the difficulty arises because
different MedDRA PT codes may be used in each
setting to describe equivalent adverse events.
There are two likely reasons for this. First, as the
MedDRA is designed to allow accurate coding of
the precise term reported by a medical profes-
sional, there are numerous groups of almost sy-
nonymous terms, and the choice of which to use
may simply depend on which term is located first.
Second, regulatory coding is done on the basis of
the best evidence available and attention is given
to choice of the most specific term, whilst coding
for adverse event reporting is done on the basis of
limited clinical data and is likely to employ less
precise terms. The result of this is that searching
for a PRR signal based only on the exact term
used in a variation may not reveal the true per-
formance of the system. In order to handle this
problem in the context of this study we decided to
do the analysis both on the basis of exact matches
alone and on the basis that a signal detected from
any of a small group of synonymous PTs might
equally be considered to have had the potential to
initiate a regulatory action equivalent to that
under study. With regard to the calculation of
disproportionality statistics for the group of sy-
nonyms, it is important to understand that the
calculations were done separately for each
synonym rather than combining the synonyms
into a group. Thus, the process reflected the
procedure followed in standard signal detection
activities and did not create an ad hoc inter-
mediate level between the PTs and higher level
terms in the MedDRA hierarchy. It seems likely
that the creation of such a layer to eliminate
synonyms might indeed improve the effectiveness

1 MedDRA�terminology is the international medical terminology developed under the auspices of the Inter-
national Conference on Harmonization (ICH) of Technical Requirements for Registration of Pharmaceuticals for
Human Use.
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of signal detection but would not be appropriate
for this study, which seeks to evaluate the
effectiveness of signal detection based on the
current guidelines.

A statistical difficulty with this procedure is
that the synonyms had to be defined in a post hoc
fashion. This definition was, of course, done
without knowledge of whether a PRR signal
would arise; however, there is a possibility of bias
favouring the PRRmethod as the probability of a
signal may rise as synonyms are added to the
group. For this reason we did our main analysis
based on the groups of synonyms (which is a more
realistic reflection of practical signal detection),
but also carried out an analysis based on exact
MedDRAmatches – which should be regarded as
a pessimistic assessment but demonstrably not
biased by post hoc selection of MedDRA terms.

Using the individual MedDRA codes, the
PRRs and CIs were calculated as a function of
time over the study period. From these calcula-
tions it was possible to determine the date
at which the first SDR arose within the EVPM
dataset for each issue. For this calculation,
reports sent to EVPM as ‘backlog’ were counted
as though they had arrived in the timeframe
specified by the regulatory requirement for the
fully established system.

Use of the MedDRA PT as the principal cod-
ing level for signal detection has been chosen on
the basis that this level of theMedDRA hierarchy
is commonly used in many other signal detection
systems. This level currently includes around
18 200 terms that are of variable clinical relevance
for signal detection procedures. In order to ex-
clude irrelevant terms we applied a pre-specified
filter for seriousness, which left 9078 PTs desig-
nated as important medical events (IMEs). The
effect and importance of this filter will be dis-
cussed in the results section. The list is available
on request from the EudraVigilance website.[4]

The safety issues identified in the scope of the
type II variations were divided into two classes:
(i) those for which either no SDRwas observed in
EudraVigilance or for which the SDR arose after

the index date; and (ii) those for which the SDR
preceded the index date.

Assessment of False Positives to Reflect
Workload Associated with PRR Signal
Detection

During the study period, for each product a
number of adverse events, other than those which
were in the scope of the variations, would be ex-
pected to reach the thresholds that define an
SDR. Many such SDRs result from confounding
(typically, the event is linked to the underlying
disease for which the product is prescribed rather
than being a true adverse effect of the medicinal
product) or reflect the stochastic nature of the
process by which adverse events arise. An ad hoc
routine was written in Statistical Analysis Sys-
tems (SAS� 9.1, Cary, NC, USA) computer code
to calculate the PRRs as a function of time for
every product in the study and to locate those
that reached, for the first time, the defined
threshold for an SDRwithin the appropriate time
window for the study.

The effort involved in assessment of these
SDRs can be considered as the cost to be paid
(from a regulatory resource point of view) for the
use of an additional signal detection procedure.
An evaluation of these SDRs was carried out to
determine the regulatory resources entailed in
adding the PRR signal detection process to the
established pharmacovigilance procedures. The
list of SDRs identified was then reviewed and
classified by internal assessors. The classification
system used was based on that published by
Hochberg et al.[9]

Results

Description of Study Products

The 267medicinal product trade names selected
for the study corresponded to 191 chemically
different products (i.e with a unique combination
of active substances).2 The counting of ADRs
and all analysis was performed within categories

2 This is explained by the fact that some Marketing Authorization Holders have submitted several applications
(under different invented names) for the same molecule or active substance (i.e. multiple applications).
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defined by active substances as this avoids re-
peated counting of the same safety issues. In the
following discussion, the word ‘product’ refers to
the unique active substance combinations. The
type II variations that came into effect within
the study window affected 102 (53%) of the active
substance combinations and added a total of 532
ADRs to the SPCs.

The types of products in the study were typical
of the CAPs, with 14% for treating infections,
mainly HIV, 10% for malignant disease, 7%
classified as for the CNS and 6% for the endo-
crine system, while other pharmaceutical classi-
fications each represented <3% of the total. The
products were manufactured by 50 different or-
ganizations and represented a mixture of general
practice and hospital-based treatments. We esti-
mate that about 91 of the 191 products would be
routinely used in general practice, while 72 were
almost exclusively for use in specialist care; these
were predominantly delivered via an intravenous
route but also included products aimed at con-
ditions for which the patient would be admitted
because of the severity of disease, necessity of
other forms of care or possibility of adverse re-
actions. The remaining 28 tended to be second-
line or for rare conditions, and the location of use
was less clear. This evaluation was only done for
study products but the overall proportions of
products that could be delivered intravenously
was closely similar to that for other CAPS, sug-
gesting a similar balance of general practice and
specialist products.

An advantage of the cross-sectional design used
for this study lies in the ability to examine a range
of products over a range of times from authoriza-
tion that are typical of an established pharmaco-
vigilance system. Thus, a product might enter
the study at any point in its life-cycle. To show
what this means in practice we present some ad-
ditional characterization of study data. Figure 1
shows the numbers of substances in the study by
calendar month over the time window for the
study, while figure 2 shows the number of sub-
stances under study by month from first author-
ization. The area under these graphs shows
the total information in the study to reflect 437
product years.

Effectiveness of PRR Signal Detection

The 102 products for which type II variations
were submitted during the study period con-
tributed to this part of the study. These variations
included 532 newly identified ADRs. Of these,
405 (76%) were on the list of IMEs.

The primary purpose of this study was to
quantify the benefit that can be obtained by
adding PRR signal detection to established
pharmacovigilance methods. Thus, we are not
concerned solely with whether PRR methods can
detect ADRs but with whether they can detect
ADRs earlier than the other methods.

The question of exactly which procedures can
be considered to constitute ‘established pharmaco-
vigilance’ is addressed only indirectly by this
study. The fact is that the type II variations were
the result of the full armamentarium of pharmaco-
vigilance processes that was in place during and
immediately before the study period, and it is this
output, rather than a characterization of the
processes that led to it, which is needed for the
study. However, some insight into the established
processes can be provided by the primary sources
of information that have been identified as the
precursors of the regulatory actions. This identi-
fication was carried out for the subset of 405
IMEs. A list of sources is given in table I.

Periodic Safety Update Reports (PSURs)
provide summaries of current safety information
for marketed medicines at pre-specified intervals.
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Fig. 1. No. of substances in the study by calendar month over the
time window for the study.
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By ‘review’ we mean a systematic evaluation
either of the product or of some specific clinical
area. ‘Surveillance’ encompasses any formal pro-
cesses put in place either at the time of author-
ization or at an extension of indication because of
a concern that insufficient evidence relating to the
product was available. We define ‘SRS cases’ as
those arising from review of spontaneous re-
porting systems other than EudraVigilance, but
not from a PSUR or one of the other sources.

The principal results of the study with respect
to detecting the 405 IMEs identified by established
pharmacovigilance methods are shown in table II.

Using the sets ofMedDRA synonyms, theADR
was picked up before the index date for standard
pharmacovigilance in 217 cases. This represents
53.6% of all IMEs (95% CI 48.7, 58.4). The mean
time gain in these cases was 2.45 years, and the
range was from 0 to 8.34 years. The mean time gain
when only exact MedDRA matches are employed
is almost identical, but only 183 index dates were
pre-empted by PRR-based detection (table III),
representing 45.6% IMEs (95% CI 40.8, 50.5)

The distribution of time differences between
detection by PRRmethods and the index date for
standard pharmacovigilance techniques can be
presented graphically as a Kaplan-Meier curve.
This is shown for the detection procedure using
the MedDRA PT synonyms in figure 3. This
graph uses the index date as reference point – set
to zero – and hence the curve to the left of zero

represents cases where the SDR preceded the in-
dex date. From the graph it is possible to see the
proportion of ADRs for which any chosen time
gain in detection was achieved.

Results of Study to Assess Workload
Associated with PRR Signal Detection

The risk or regulatory resource cost of adopt-
ing the PRR procedure is the effort involved in
assessing the many other SDRs that will arise but
prove to be unrelated to any pharmacological
effect of the product. During the study period,
6356 new SDRs related to IMEs were observed in
139 of the 191 products in the study. These were
independently evaluated by two assessors and
were classified into the categories suggested by
Hochberg et al.[9] For ease of reference, these
categories are shown in table IV.

A cross classification of these categories for
the two researchers is shown in figure 4.

A third assessor reviewed the set of discrepancies
between the initial assessors when only one of them
had classified an SDR as a potential signal of in-
terest (R). The final classification identified 1561 of
the 6356 SDRs as new and potentially important
associations. These SDRs, which represent a sig-
nificant cost to the system, are those that cannot be
quickly classified, for example those not already
listed on the SPC or attributable to confounding by
indication. These are subject to a full assessment
often involving inspection of narrative fields in the
reports and a search for additional data. At the
time of writing, these 1561 SDRs were undergoing
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Fig. 2. No. of substances under study by month from first authori-
zation.

Table I. Sources of data used to determine index date for estab-

lished pharmacovigilance signals related to important medical

events

Source Frequency (%)

Periodic Safety Update Reports 259 (64.0)

Class effects 76 (18.8)

Surveillance 40 (9.9)

Clinical trial 15 (3.7)

Review 8 (2.0)

Other SRSa 4 (1.0)

US FDA 3 (0.7)

a Spontaneous reporting system (SRS) cases are defined as those

arising from review of SRSs other than EudraVigilance, but not

from a Periodic Safety Update Report or one of the other sources.
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further review to identify any product safety con-
cerns; the results of this procedure are not required
for calculation of outcomes from this study.

As a measure of the incremental value of an
additional signal detection method we have cal-
culated the number of SDRs requiring full as-
sessment per safety issue, which is first detected
by the new method. In the case of the PRR
method added to standard pharmacovigilance
methods, we estimate this number to be
1561/217 = 7.2 (95% CI 6.5, 7.9)

This figure is an average over the entire study
and hence approximately over a 10-year product
life-span. To obtain an idea of how the return on
statistical signal detection may vary over the life
of the product it is instructive to look at the dis-
tribution over these 10 years of regulatory actions
and SDRs. For the study data, the smoothed
ratio of these quantities is shown graphically in
figure 5. This graph indicates that statistical sig-
nal detection may be most efficient during the
first 1 or 2 years of a product life cycle, but seems
to reach a fairly stable figure of eight evaluations
per signal pre-empted after that time.

The Effect of the Seriousness Filter

In performing this study we have used a list of
IMEs to pre-filter our results. This list did not

arise from the study but was already in the late
stages of development in response to a perceived
need for a filtering mechanism to focus attention
on serious events. Such a list is an inescapable
requirement for some commonly used statistical
signal detection routines but is optional for our
PRR-based method; thus, we were interested in
evaluating its effect on our results.

Currently, 84% of reports to EudraVigilance
include at least one IME; therefore, it might be
thought that the use of this list would have little
effect on the study. If it had not been used, events
judged to be clinically unimportant would be
quickly eliminated from the SDR list at the pre-
liminary inspection phase and it would also seem
unlikely that such events would have been added
to the SPCs for each of the products.

In fact neither assumption is correct. This list
reduced the number of MedDRA PTs considered
from about 18 200 to 9078; therefore, whilst it is
probably true that the extra SDRs would have
been eliminated by inspection, the task would not
have been insignificant because of the substantial
numbers involved.

With respect to the second assumption, 127 of
the 532 adverse events used in this study were not
on the list and hence were classified as un-
detectable by the PRRmethods. These involved a
total of 79 different PTs. These were examined to

Table II. Detection of drug-event pairs using standard proportional reporting ratio (PRR) signal criteria defining a signal of disproportionate

reporting (SDR) with synonymous Medical Dictionary for Regulatory Activities (MedDRA�) terms restricted to important medical events

Outcome measure SDR from PRR within study No SDR during study

PRR first standard pharmacovigilance first

Safety issues [n (%)] 217 (53.6) 79 (19.5) 109 (26.9)

Mean time gain (y) 2.45 -1.07

Maximum time gain (y) 8.34

Table III. Detection of drug-event pairs using standard proportional reporting ratio (PRR) signal criteria defining a signal of disproportionate

reporting (SDR) with exact Medical Dictionary for Regulatory Activities (MedDRA�) match only restricted to important medical eventsa

Outcome measure SDR from PRR within study No SDR during study

PRR first standard pharmacovigilance first

Safety issues [n (%)] 183 (45.6) 84 (20.9) 134 (33.4)

Mean time gain (y) 2.43 -1.34

Maximum time gain (y) 8.34

a Note that four adverse events did not have exact MedDRA matches and could not be analysed.
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ensure that they did not include important events
erroneously excluded from the IME list, but no
such events were found. The reason that ADRs
that do not require urgent actionmay be added to
an SPC is usually that they are added in con-
junction with a clinically related IME. Hence,
failure to detect such reactions independently will
make no difference to the eventual SPC.

Our conclusions from this are that the IME list
could fulfill a role in reducing the overall work-
load of signal detection without missing im-
portant clinical signals, but it is obvious that a
common IME list must be used when comparing
different signal detection systems.

Classification of Drug-Event Pairs Included in
Regulatory Actions not Predicted by PRR
Methods

In order to understand more fully the way in
which statistical signal detection fits into the
wider pharmacovigilance system we looked in
detail at the source of regulatory actions for
which either no statistical signal arose or for
which the signal arose only after the safety issue
had arisen from another source.

We excluded from this review those 127 events
that do not qualify as IMEs. Of the remaining 405
adverse events, 217 (53.6%) were predicted by an
SDR arising prior to the signal from standard
pharmacovigilance measures. This leaves 188
events that either raised an SDR after the
standard measures (79 [19.5%]) or did not raise
an SDR during the study period (109 [26.9%]).

Examination of the 188 events revealed that
30were clinically associatedwith another event that
had been predicted by an SDR and added to the
SPC. In other words, these might be considered
as part of a syndrome detected using the PRR.
A further 42 were added on the basis that they were
class effects. It is possible that these may have
earlier resulted in raised SDRs for some other

Table IV. Classification of signals of disproportionate reportinga

Label Description

L Labelled in the summary of product characteristics

I Indication for the medicinal product

D Demographic features of the target population

G General term – cannot be interpreted

R Signal of interest

a Modified classification of Hochberg et al.[9]
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member of the product class, but this would take
considerable additional work to verify. Another
32 events were found to have arisen from an ac-
tive surveillance measure put in place at the time
of authorization, and hence the date of signal
detection for standard pharmacovigilance was
the authorization date. These results are shown in
figure 6.

Thus, 84 (20.7% of 405) events not predicted
by an SDR remained, of which five arose directly
from randomized controlled trials and two from
reviews that concentrated on syndromes rather
than PTs, suggesting that ad hoc grouping of terms
may sometimes pay dividends in signal detection.
Of the 77 (19.0%) unexplained events, 46 hadmore
than three reports in EudraVigilance and hence
could technically have resulted in a raised SDR.

Discussion

In a wide-ranging review of data-mining
methods in pharmacovigilance, Almenoff et al.[10]

discussed the difficulty of adapting outcome
measures based on analogy with diagnostic stud-
ies to signal detection. In designing this study,
we chose to abandon this analogy in favour of
direct validation of the method. In other words,
we chose to assess directly the extent to which
our statistical methods could achieve their goal of
finding safety problems earlier. In doing so we
used a large group of drugs selected without
reference to drug safety history and included all
ADRs for these products within our study time
window. The other side of the benefit-risk eva-
luation was represented by all the SDRs for these
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products arising within the same time window.
In this way we have attempted tomake a pragmatic
assessment of the impact of statistical signal de-
tection on a real-life pharmacovigilance system.
Almenoff et al.[10] also noted that not all safety
problems are picked up by disproportionality
measures, and we believe that our review of drug-
event pairs without early SDRs in our study
may be the first systematic investigation of this
observation.

Using US FDA Adverse Event Reporting
System data and a different disproportionality-
based signal detection method, Hochberg et al.[9]

achieved results similar to those presented in this
study. They examined 21 products authorized in
2001 and found that SDRs preceded regulatory
action in 39/72 (54%) cases. The number of po-
tential signals requiring evaluation was 244, giv-
ing a ratio of 6.3 per action pre-empted. Despite
the numerical similarity of these results to our
own, they are not directly comparable to ours for
a number of reasons. First, we have put the sta-
tistical signal detection routines to a harder test.
While Hochberg et al.[9] used the date of FDA
regulatory activity as the index date, we have
been able to trace the first dates at which the
EMA became aware of the potential problem.
This was often many months before the reg-

ulatory decision. Second, Hochberg et al.[9] only
examined the first 3 years after authorization.
This meant that the potentially large time gains in
older products could not be investigated and that
generalizations to routine pharmacovigilance
(which continues over the lifetime of the product)
could not be so robust. Our work on older pro-
ducts has shown that some signals that are de-
tectable by disproportionality statistics can go
many years undetected by other methods. Lastly,
the back-population of EudraVigilance hasmeant
that we have had a dataset that has not already
been subjected in its entirety to statistical screen-
ing. Thus, the pharmacovigilance methods re-
sulting in EMA regulatory actions during the
study are likely to be qualitatively different from
SDR methods; therefore, our study should give
a realistic assessment of the added value of the
PRR method. We have also extended this work
with a much larger set of products and an in-
vestigation of the reasons why SDR methods
sometimes fail to find an ADR earlier than other
methods.

An interesting finding in assessing the many
positive SDRs was the low level of inter-observer
agreement concerning whether they required in-
depth investigation. This raises the question of
whether an SDR related to a true ADR will
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processes to detection of adverse drug reactions (ADRs). IME = important medical event; SPC = summary of product characteristics.
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always be selected for further evaluation. Our
belief is that it is very likely to be selected pro-
vided, as in our study, the threshold of suspicion
is set quite low. This is reflected in the fact that
while 732 SDRs were rated as ‘R’ by both initial
assessors, the final number selected for further
evaluation was 1561. Thus, the adjudicator erred
on the side of caution, in particular in the most
difficult decisions regarding discrimination be-
tween events associated with the target popula-
tion and the product. Since it is difficult to find
assessors who are simultaneously competent to
make this classification but unaware of the
known ADRs for the products, conclusive em-
pirical investigation of this point is not possible in
a retrospective study. A strength of our evalua-
tion of the SDRs is that it was designed to pro-
duce a process analogous in rigor to that used in
routine pharmacovigilance (since that is what we
were testing) and we believe that this criterion
was fulfilled. Hence, the primary measure of
evaluations per successful early detection will
reflect what is achievable in everyday signal
detection. We have not tested whether better
agreement can be obtained with more detailed
definitions and training.

Despite the pragmatic approach we have used,
there are many issues we have not resolved and
which remain the object of further work. We have
examined only one of a number of possible dis-
proportionality statistics. We have not adjusted
for potential confounders or modelled the known
ADRs in the dataset. We have not examined the
influence of data coding errors, the completeness
of backlog reporting or the assumption that the
decision to code a drug as ‘suspect’ or ‘con-
comitant’ can be validly made on the basis of a
single case report. Nonetheless, even with these
several uncertainties, it appears reasonable to
infer from our results that a simple statistical
method such as the PRR can add significant
benefits to pharmacovigilance processes, leading
to more effective public health protection.

When designing this study we considered both
a retrospective and a prospective design. Partly
for reasons of timing, the retrospective study was
preferred; however, a system of screening such as
this should be the subject of an ongoing pro-

gramme of quality assurance (QA). If designed
with appropriate controls, over time, the data
from such a QA programme could be compiled
into a prospective evaluation of the system. This
would also allow investigation of the accuracy of
clinical assessment of SDRs as discussed above.

The analysis of this study focuses on the
question of what value is added to established
pharmacovigilance methods by the use of a dis-
proportionality method. The question of whether
PRR screening is a useful replacement for the
established procedures is not addressed. It would
be technically possible to address this latter
question using the same data but the assumption
would have to be made that the identification of
an ADR and addition to the SPC for a product
did not substantively increase or decrease the rate
of reporting to EudraVigilance, and hence alter
the chance that an SDR would arise. This seems
quite unlikely and hence the analysis would
lack credibility. In any case, the results of our
current analysis clearly do not support a case to
reduce other forms of effective pharmacovigilance
activity.

The dataset we have compiled in the course of
this study is suitable for evaluating other forms of
signal detection analysis. Thus, the study dataset
will be a useful tool for evaluation of any pro-
posed alternative statistical screening techniques
or changes of procedure, and will provide a direct
comparison with the PRR. Work on the data is
currently planned to further characterize the
factors that predispose an ADR to detection
using SDR methods, and to examine the impact
of exclusion of drugs classified as concomitant
and problems with data quality. We will also
address the optimization of MedDRA coding
levels and definitions of SDRs to maximize the
net benefits from these screening techniques.

Conclusions

The screening technique based on the PRR
can be used as an addition to established
pharmacovigilance processes and has the poten-
tial to provide significant early warning in ap-
proximately 54% of cases where a clinically
important ADR is found. This will allow earlier
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investigation and the possibility of early reg-
ulatory action to reduce risks to public health.
For each case in which an advantage is obtained
in terms of earlier detection, we estimate that
about seven investigations would be initiated, six
of which would be evaluated as false positives. In
cases where early detection is possible, significant
delays can be avoided; on average, we have esti-
mated these to be around 2.45 years.

A very important result of this study is that,
whilst it demonstrates the strong supportive role
that can be played in pharmacovigilance by sta-
tistical signal detection, it also shows clearly the
importance of the established pharmacovigilance
systems. Many signals are detected, first from
active surveillance, reviews, clinical trials and
PSURs, and instigation of additional measures
should not be seen as a reason to reduce other
pharmacovigilance activities.
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