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Abstract

Background 1dentification of potential drug safety prob-
lems using statistical screening algorithms in routinely
collected databases of adverse drug reactions (ADRs)
requires decision rules based on thresholds of the chosen
parameters. Choosing higher or lower thresholds changes
both the sensitivity of the screening and the number of false
alarms produced, and thus has an impact on the effec-
tiveness of the detection process.

Objective The aim of this study was to evaluate the
impact on the effectiveness of signal detection activities of
choosing different warning thresholds for the proportional
reporting ratio (PRR) and for the count of reports of any
drug-event combination.

Methods  Signal detection methods were tested within the
EudraVigilance database of suspected ADRs. Using an
established set of known ADRs, the number that could be
detected and the changes in time gained for earlier inves-
tigation of the signal were calculated over a range of signal
detection thresholds. These figures were set against the
number of false positive signals produced by the statistical
signal detection algorithms.

Results Higher thresholds for the lower confidence bound
of the PRR produced fewer false positives but this benefit
was offset by important losses of sensitivity in the detec-
tion of ADRs. By contrast, increases in the threshold for
the count of a specific drug-event combination produced
fewer false positives with little loss of either sensitivity or
time gained for investigation of adverse events. A threshold
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of five compared with the current European Medicines
Agency threshold of three gave a reduction of 25 % in false
positive signals in return for a loss of 12 % in true signals
detected early.

Conclusion Changes in the standard threshold for the
count of drug-event combinations can result in a substantial
improvement in efficiency of the signal detection process.
Initially this change might be applied only to products with
a well-established safety profile.

1 Introduction

Statistical methods for detection of adverse drug reactions
(ADRs) to medicines are commonly based on exploratory
analysis of databases of clinical information. Most phar-
maceutical companies and regulatory authorities compile
such databases from reports of possible ADRs that name
the suspect medicine and describe the nature of the clinical
event. The decision to investigate further a potential
adverse reaction is then based on a calculated ratio of the
actual number of such adverse events reported with a given
drug to the number that would be expected based on the
assumption that the chance of a report of this event with the
drug was the same as the chance of such a report with any
other drug. Such a measure is referred to as a dispropor-
tionality statistic (DS) [1]. If this ratio becomes large,
suspicions are raised and further action initiated. The pre-
cise threshold at which a DS triggers in-depth evaluation is
based on empirical considerations. Not least the past
experience of the positive predictive value of such tests and
the resources available to perform the more labour-inten-
sive exploration of the possible problem.

In addition to considering the value of the DS it is
common to place some lower limit on the absolute number
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of reports for a particular drug/adverse event combination.
This is because it is known that small counts of rare events
may give somewhat erratic signal detection based on the
DS alone.

In 2010 the European Medicines Agency (EMA) per-
formed an evaluation of the signal detection performance
in EudraVigilance based on the established signalling cri-
teria [2]. These are a formal lower 97.5 % confidence
bound of 1 for the proportional reporting ratio (PRR025
>1) and a count of 3 or more reports related to the specific
problem. These thresholds are quite widely used, not only
at the EMA but in other signal detection systems. The
analysis presented here is a revision of these study results
at a range of values of both thresholds—that for PRR025
and that for the simple count of drug/adverse event pairs.
The question asked is whether the EMA EudraVigilance
data support the use of these thresholds.

The primary benefit of any signal detection activity is
the additional time to assess emerging safety issues gained
through earlier detection and the opportunity to make
earlier interventions to protect public health. This benefit is
weighed against the number of additional signals of dis-
proportionate reporting (SDRs) that require evaluation
when statistical screening is introduced. The evaluation of
different thresholds in this study uses outcome measures
that reflect these potential benefits and drawbacks of sta-
tistical screening methods.

2 Methods

The evaluation of signalling performance was conducted in
two distinct parts. The first of these assessed the effec-
tiveness of the statistical technique in finding known safety
issues. The second part assessed the numbers of additional
potential safety signals that were generated by the statis-
tical procedure and hence the amount of work required to
operate the system. During the current EMA signal
detection activities, any identified signal subsequently
undergoes a standard evaluation procedure that may result
in a regulatory action or, more often, in the conclusion that
a false positive has been observed. Sometimes such eval-
uations are simple and sometimes they involve consider-
able 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.
In the previous paper of Alvarez et al. [2], the list of signals
detected was subjected to an initial triage to eliminate those
that were easily explicable through known confounding
mechanisms. Due to the large number of different signal-
ling criteria used in this study, we have omitted this step
and hence the results are not directly comparable to the
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previous study. However, the comparison between alter-
native signalling criteria is not compromised by omission
of this step.

A set of 267 centrally authorized products (CAPs) for
marketing across the EU [3] was selected for study on the
basis that the marketing authorization holder had been
sending electronic reports to the EudraVigilance database
for at least 1 year by the start of the study time window.
CAPs were chosen because the EMA has access to full
documentation of regulatory activities for these products.
All CAPs that fulfilled the selection requirement were used.
Reports used were the same subset that is used in routine
EMA signal detection activities. The set of ADRs against
which the statistical signal detection methods were asses-
sed consisted of adverse events that were added to the
Summary of Product Characteristics (SPC) for the 267
products within a time window between September 2003
and March 2007. All ADRs that were Preferred Terms
(PTs) of the Medical Dictionary for Regulatory Affairs
(MedDRA®)! classification [4] included on the EMA list of
Important Medical Events (IMEs) were included. This list
is available on request from the EudraVigilance website
[5].

This set of known safety issues was investigated over a
time period extended back to product authorization, and
possibly much before September 2003, in order to classify
them as either predicted or not predicted by statistical
signal detection. The total number of positive signals—
both true and false—arising for the 267 products within the
study time window was then calculated as a measure of the
workload associated with the signal detection process. This
method allowed the study to cover a wide range of products
at all stages of the product lifecycle.

3 Statistical Methods

The comparison between different signal detection
thresholds is made in terms of three parameters: firstly, the
ratio of the total number of signals arising to the number of
ADRs that would be detected earlier; secondly, the pro-
portion of ADRs detected earlier; and thirdly, the median
time gained for each true signal detected early.

The PRR is an estimate of the probability that a spon-
taneous 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

! MedDRA® terminology is the international medical terminology
developed under the auspices of the International Conference on
Harmonization (ICH) of Technical Requirements for Registration of
Pharmaceuticals for Human Use.
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the way it is used in signal detection at the EMA can be
found in the EMA guidelines [7]. Use of the PRR in this
study reflected current practice at the EMA and, in par-
ticular, no adjustment was made for possible confounding
variables.

4 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 an SPC. The SPC is
updated through regulatory procedures called type II vari-
ations. The EMA database for tracking regulatory proce-
dures (STAMED, WHO® 1998) was searched to identify all
type II variations to the marketing authorization for the
study products over the period of the study time window,
and all safety issues added to the SPC (section 4.4 or 4.8)
were identified by direct inspection. A researcher then
reviewed EMA documentation to find the earliest date at
which the EMA became aware that a safety signal requir-
ing investigation had been identified. This date was adop-
ted as the original date of the discovery of the signal from
established pharmacovigilance activities (index date). The
safety issue was then mapped to a MedDRA® PT or group
of PTs. As in our previous work [2], only IMEs were
included and clear synonyms were identified for some of
the listed terms; a signal relating to any synonymous term
was considered a successful identification of the ADR.

The safety issues identified in the scope of the type II
variations were divided into two classes for each SDR
criterion: (1) those for which either no SDR was observed
in EudraVigilance or for which the SDR arose after the
index date; and (2) those for which the SDR preceded the
index date. Only these latter reflect an advantage for sta-
tistical signal detection in that they allow the signal vali-
dation process to start earlier.

5 Assessment of False Positives 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 expected to reach the thresholds
that define an SDR. For the analysis, all such SDRs were
treated as false positives. Many such SDRs result from
confounding (typically, the event is linked to the underly-
ing 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 Systems, Version 9.1 (SAS Software,

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 SDR within 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. From a public health perspective it is
also important that these false positives can adversely
affect availability of effective medicines while they are
being investigated.

6 Results

The number of SDRs raised per ADR predicted earlier than
by established pharmacovigilance methods is shown in
Fig. 1, and the proportion of true effects detected early by
an SDR is shown in Fig. 2. Ideally we would choose
thresholds that give low values in Fig. 1 but high values in
Fig. 2.

Of equal importance to the number of ADRs for which
we can receive early warning through the statistical signal
detection methods is the amount of early warning. Figure 3
shows the time in months by which the SDR preceded the
first warning received via other methods of pharmacovig-
ilance. This quantity determines the time gained for eval-
uation of the signal and any subsequent regulatory action.
Figure 3 shows how this time gained varies as the threshold
for the number of reports varies. The threshold for PRR025
is held constant at 1 for this calculation.

Signals per
predicted ADR

120

1 - S
2
3
PRR025 4

greater
than:-

N greater than or equal to:-

0-20 20-40 M 40-60 M 60-80 80-100 M 100-120

Fig. 1 Number of signals per successful early prediction. ADR
adverse drug reaction, PRR proportional reporting ratio
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Fig. 2 Percentage of ADRs pre-empted. ADRs adverse drug reac-
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Fig. 3 Median time gained for each signal pre-empted (months)

7 Discussion

The changes in outcome measures with changes in the
thresholds for the number of reports (V) and for PRR025
are very clear in form and of a fairly large magnitude.
Hence the interpretation is straightforward. Perhaps the
most surprising finding from Fig. 1 is that raising the
threshold for PRR025 does not improve the ratio of SDRs
to true signals. The graph is generally flat in this direction.
For instance, at the conventional N > 3, a threshold for
PRRO25 of 1 produces 51.6 positive signals for each true
ADR detected, and the value for a threshold of 5 is 51.5.
By contrast, raising the threshold for N initially markedly
increases the efficiency of the statistical signal detection
process but this advantage is mostly realised by the time
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that five or six reports have been received. After that the
graph is relatively flat and only minor changes in efficiency
are obtained. At the currently used PRR025 >1, an increase
in the threshold for N from 3 to 5 reduces the positive
signals per ADR from 51.6 to 38.9, a reduction of 25 %.

Raising either threshold resulted in some of the known
ADRs not being detected early (see Fig. 2). However, this
effect is less marked with changes in the threshold for
N than in the threshold for PRR025. At PRR025 >1, a
change in the N threshold from the current value of 3 to a
value of 5 resulted in a reduction in the proportion of ADRs
detected from 52 to 46 %. At N > 3, a change in the
PRRO25 threshold from 1 to 2 reduced the proportion
detected from 52 to 38 %.

From the above results it appears obvious that no
increase in the PRR025 threshold should be adopted but
that a higher value for the threshold in N could be war-
ranted. However, waiting for a larger number of reports to
arrive in EudraVigilance must reduce the advantage in time
gained. Thus, the remaining question is what time penalty
is paid for an increase in this threshold. Figure 3 shows that
the median time gain fell from 25 months at the current
value of three or more reports to 24 months at five or more
reports. At six reports this was estimated to be
21.5 months. This rather small loss may appear surprising
but, of course, it is averaged over the ADRs detected early
and these have reduced in number somewhat as the
threshold increases. It is also likely that those lost will
often correspond to those with a small time advantage. In
fact, the median time gain in the 23 signals lost on
increasing the threshold from 3 to 5 is only 7 months. It is
also worth noting that the random fluctuation in Fig. 3
appears to favour the estimate at N = 5, whilst lowering
that at N = 6.

In this study we addressed a single aspect of statistical
signal detection and considered only one DS in a single
large reporting database. Whether these results impact on
signal detection using other methodologies is unclear.
Current work to examine multifactorial aspects of signal
detection and other DSs is ongoing, not least in the Inno-
vative Medicines Initiative PROTECT (Pharmacoepide-
miological Research on Outcomes of Therapeutics by a
European Consortium) project led by EMA [8]. Hence we
hope to be able to address these shortcomings in the near
future.

Other researchers have investigated statistical signal
detection thresholds. Matsushita et al. specifically addressed
use in pharmaceutical company databases [9]. This study
found low sensitivities for current standard criteria and
recommended criteria that generated more positive signals.
This argument holds weight if statistical signal detection is
considered as an initial filter for selection of potential ADRs.
This is not the way that statistical signal detection is used at
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the EMA, where it is seen as just one component of a pro-
cess employing multiple clinical and statistical approaches
in parallel and the effect of changes in sensitivity for one
component is not so easy to evaluate. Almenoff et al. [10]
discussed briefly adjustment of the lower bound on the
Empirical Bayes Geometric Mean (EB05) and PRR signal-
ling thresholds to equalize the numbers of SDRs and hence
facilitate comparison of the two methods. Ahmed et al. [11]
compared three established signal detection methods with
two false discovery rate (FDR) methods. The metrics for the
five-way comparison were the number of drug-event com-
binations detected from a reference set investigated by the
French regulatory agency and the time to detection. In this
study, two different thresholds of FDR were examined but
the thresholds for the methods already in routine use,
including PRR, were kept constant and based on the formal
lower confidence bound without restriction on the number of
reports. In terms of the chosen metrics, Ahmed et al. [11]
found advantages for the FDR methods but the absence of a
measure of total workload generated by the conventional
methods leaves doubt concerning the relative impact of the
methods on the functioning of a pharmacovigilance system.
Berlin et al. [12] assessed a number of different signalling
thresholds for EBO5 and an odds ratio from logistic
regression (LRO005 and LROS). The reference standard used
for ADRs was the company core data sheet and results were
expressed in terms of sensitivity, specificity and positive
predictive value. A fixed threshold of 4 was used for the
number of cases.

The applicability of the results of this study and the
optimal threshold for N needs some thought. In a pharma-
covigilance department with low workloads, any reduction
in sensitivity may not be acceptable. However, experience
suggests that most departments, despite working at full
capacity, are forced to triage potential signals to prioritize
them for assessment. Under these circumstances, a reduction
in false signals per ADR will increase the number of new
ADRs discovered because the number of assessments per-
formed will remain constant. Notwithstanding this, the
introduction of new signalling criteria should be exercised
with care. Application to selected products or subsets of
ADRs may be considered. For example, changes in the
signal detection thresholds could be applied first to products
with longer established safety profiles, allowing more
intensive effort to be focused on new and less well-charac-
terized drugs. On the basis of this study, a threshold of either
4, 5 or 6 would improve efficiency compared with our
current standard of 3. A conservative change to 4 would
realise much of the available improvement; on the other
hand, the argument above suggests that busy departments
might benefit from increasing to 6. A rational approach
appears to be that a threshold of 5 be adopted with ongoing
prospective evaluation.

8 Conclusion

The message from this re-analysis of our previous study
appears to be that a small increase in the threshold for
N from 3 to 5 will substantially reduce the proportion of
SDRs identified in the EudraVigilance database of sus-
pected ADRs that prove to be false. The penalty paid for
this is that some ADRs can no longer be detected through
statistical signal detection, but these will still be detected
by other means and only small losses in the time available
for evaluation will be incurred. Moreover, in a resource-
limited system, the lost ADRs will be compensated by the
opportunity to evaluate other true SDRs. The total balance
should result in a reduction of the workload per ADR
detected with statistical signal detection using the PRR
which, with no increase in workload, will allow a larger
number of ADRs to be identified.
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