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Abstract Background and aim: Statistical signal detection methods such as proportional
reporting ratios (PRRs) detect many drug safety signals when applied to databases
of spontaneous suspected adverse drug reactions (ADRs). Impact analysis is a tool
that was developed as an aid to prioritisation of such signals. This paper describes
a pilot project whereby impact analysis was simultaneously introduced into
practice in a regulatory setting and tested in comparison with the existing
approach.

Methods: Impact analysis was run on signals detected during a 26-week period
from the UK Adverse Drug Reactions On-line Information Tracking (ADROIT)
database of spontaneous ADRs that met minimum criteria (PRR 23.0, 2 24.0 and
23 reported cases) and related to established drugs (i.e. those that have been
available for at least 2 years and no longer carry the ‘black triangle’ symbol). The
current method of signal prioritisation (i.e. the collective judgement at a weekly
meeting) was initially performed without knowledge of the findings of impact
analysis. Subsequently, the meeting was presented with the findings and, where
appropriate, given the opportunity to reconsider the judgement made. The catego-
ries arising from the two methods were compared and the ultimate action
recorded. Inter-observer variation between scientists performing impact analysis
was also assessed.

Results: Eighty-six separate signals were analysed by impact analysis, of which
5% were categorised as high priority (A), 14% as requiring further information
(B), 31% as low priority (C) and 50% as no action required (D). In general, the
new method tended to give a higher level of priority to signals than the existing
approach. Overall, there was 59% agreement between the impact analysis and the
collective judgement at the meetings (kappa statistic = 0.30). There was slightly
greater agreement between impact analysis and the final action taken (kappa
statistic = 0.39), indicating that the findings of an impact analysis had an influence
on the outcome. Assessment of inter-observer variation demonstrated that the
method is repeatable (kappa statistic for overall category = 0.77). Almost 70% of
those who participated in the pilot study believed that impact analysis represented
an improvement in how signals were prioritised.
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Conclusions: Impact analysis is a repeatable method of signal prioritisation that
tended to give a higher level of priority to signals than the standard approach and
which had an influence on the ultimate outcome.

Background

Impact analysis is a tool that was developed to
prioritise signals arising from spontaneous adverse
drug reaction (ADR) reporting data and is described
by Waller et al.l'! In this paper we describe a pilot
study conducted at the UK Medicines and Health-
care products Regulatory Agency (MHRA). The
objectives of the study were to test the feasibility
and reproducibility of impact analysis and to com-
pare it with the existing approach to signal pri-
oritisation (a collective judgement made at review
meetings).

Each week the MHRA receives >300 spontane-
ous ADR reports on ‘yellow cards’ from UK health
professionals and the pharmaceutical industry. The
main purpose of the yellow card scheme is to pro-
vide ‘early warnings’ of previously unsuspected
ADRs (signals). Over the past decade various math-
ematical tools have been developed and applied to
ADR databases to help facilitate in the identification
of such signals.# The MHRA currently uses pro-
portional reporting ratios (PRRs).! Such methods
detect large numbers of signals and consequently
there is a need to prioritise them. The methods
available to prioritise or triage these signals have
been based on principles!®3! and qualitative criteria
such as ‘SNIP’.[! SNIP has been used at the MHRA
and takes into account the strength of the signal,
whether it is really new, the clinical importance of
the ADR and its potential for prevention.

The new method described in the accompanying
paper prioritises signals based on their strength of
evidence for causation and public health implica-
tions.[! The output of impact analysis is to prioritise
signals into one of four categories, with each imply-
ing a consequential course of action as follows: A —
high priority; B — there is need to gather more
information; C — low priority but still needs to be
addressed; and D — no action is warranted at the
present time.

In the MHRA, normal practice is that all new
yellow card reports for drug substances that are not
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intensively monitored (i.e. are not part of the ‘black
triangle’ scheme that applies to new drugs in the first
2 years of marketing) are screened on a weekly
basis. Signals are those drug substance-ADR combi-
nations above quantitative threshold criteria (as de-
fined in the methods section) or where, irrespective
of quantitative criteria, reports are received with a
fatal outcome for reactions occurring in children or
with drug interactions. These signals are subjected
to preliminary analysis by pharmacovigilance scien-
tists before discussion with experienced assessors at
a weekly prioritisation meeting. An action plan for
each signal is agreed based on the collective judge-
ment of the meeting.

Methods

In this study, impact analysis was performed by
pharmacovigilance scientists on signals detected in
the week before the prioritisation meeting. The re-
sults of the impact analysis were compared with the
collective judgement at the meeting prior to knowl-
edge of the impact analysis result and the subse-
quent actions taken. Inter-observer variation be-
tween scientists performing impact analysis on the
same signals was also assessed.

Pharmacovigilance scientists were trained in the
use of impact analysis and provided with standard
operating procedures and a user guide. Each week
from 4 May to 7 November 2003, prior to the
weekly signal review meeting, pharmacovigilance
scientists performed impact analysis on up to two
UK signals that were not labelled in the summary of
product characteristics (SPC). For the purpose of
this study, a signal was defined as a drug-ADR
combination with a PRR >3, 2 >4 and >3 reports.
At the meeting, scientists first presented their sig-
nals in the normal manner without revealing the
impact analysis score. The collective judgement of
the meeting was then used to define one of the four
courses of action that equate to the impact analysis
categories A—D (as previously described). The result
of the impact analysis was then presented and the
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final course of action was agreed upon. Each signal
was, therefore, assigned three separate categories
derived from: (i) impact analysis; (ii) initial collec-
tive judgement (prior to knowledge of impact analy-
sis result); and (iii) the final action taken.

For assessment of inter-observer variation, a
sample of drug event combinations was analysed.
Pharmacovigilance  co-ordinators  (experienced
pharmacovigilance scientists) were asked to, inde-
pendently and without knowledge of the result, du-
plicate the assessment of the two inputs that require
a judgement to be made, i.e. the strength of the cases
and biological plausibility. The impact analysis cat-
egory was then recalculated using these values.

Kappa statistics were used to assess the levels of
agreement between the impact analysis category,
collective judgement and the final action taken, and
to assess the degree of inter-observer variation. The
results from the kappa analysis were categorised
into three groups based on the strength of agreement
proposed by Landis and Koch,'"7 as shown in
table I.

Results

The pilot study ran for 26 weeks and impact
analysis was performed on 87 signals. Fourteen
pharmacovigilance scientists performed impact
analysis, each completing a mean of 6.2 analyses
(median 5.5, range 1-20). The 87 signals related to
59 drug substances and 72 different ADRs (as de-
fined at Adverse Drug Reactions On-line Informa-
tion Tracking [ADROIT] ‘preferred term’ level).
There were 86 drug ADR combinations; one drug-
ADR combination was rerun during the study period
because another report had been received.

Distribution of Impact Analysis Categories

The distribution of the categories of the 87 sig-
nals analysed by impact analysis is shown in table II.
Only 4 of the 87 signals analysed were categorised
as A (high priority), whereas 50% of the signals

Table 1. Categories of the strength of agreement for the kappa
analysis based on those proposed by Landis and Kochl'%

Result for kappa Strength of agreement

<0.00-0.30 Poor
0.31-0.60 Fair
0.61-1.00 Good
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Table Il. Distribution of the impact analysis categories for the 87
signals analysed

Category Impact analysis
[n (%)]

A 4 (4.6)

B 12 (13.8)

C 27 (31.0)

D 44 (50.6)

Total 87

were categorised as D (no further action warranted
at this time). Figure 1 illustrates the distribution of
the 87 signals in respect of scores for evidence and
public health. The four quadrants of the graph re-
present the four categories of impact analysis. Those
signals with an evidence score of >10 and a public
health score of >10 are in the top-right-hand quad-
rant and categorised as A. It is possible that a signal
can have a public health score or an evidence score
from 1 to 100. In this study there was a lesser range
of public health scores (1-18) than evidence scores
(1-60).

Method Comparison

The method comparison study was carried out on
86 signals as one signal was not assigned a collec-
tive judgement. For 51 of the 86 signals (59%) there
was agreement between the impact analysis and the
collective judgement at the meeting (kappa statistic
0.30) [figure 2]. There was slightly greater agree-
ment between impact analysis and the final action
taken (65% agreement, kappa statistic 0.39).

Discrepancies Between Impact Analysis and
the Collective Judgement

There were 35 of the 86 signals where the impact
analysis result did not agree with the collective
judgement. In 22 cases they differed by one catego-
ry, in 13 cases by 2 categories and in no case by 3
categories (i.e. no signal was categorised as an A by
one method and as a D by the other). Overall, impact
analysis tended to rank the signals with a higher
prioritisation than the collective judgement of the
panel, with 25 signals graded lower and 10 signals
graded higher by the collective judgement compared
with the impact analysis. For the 10 (12%) signals
graded higher by the collective judgement, the final
action taken for three of these signals agreed with
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Fig. 1. Evidence and public health scores plotted for each of the 87
signals analysed by impact analysis. The cut-off values of ten are
illustrated by lines and the impact analysis categories are indicated
in each of the quadrants.

the impact analysis result. For a further three signals
no decision on a category for final action has been
made yet, as more data are expected.

There were two signals categorised as a D by
impact analysis and a B by the collective judgement.
For both of these signals, the meeting decided that
although that particular preferred term was not a
strong enough signal to warrant action, combined
with the evidence for related terms (i.e. the high-
level term) there was enough evidence. These pre-
ferred terms were ‘systemic lupus erythematosus
rash’ and ‘suicidal ideation’.

In the final action taken, the collective judgement
was not swayed by the impact analysis result for any
of the 25 (29%) signals where the collective judge-
ment categorised the signal as lower than the impact
analysis. There were many reasons for the lower
category of the collective judgement and these in-
cluded the reaction being strongly confounded, oth-
er cosuspect drugs and there being similar reactions
already labelled in the SPC.

Sensitivity Analysis

The purpose of the sensitivity analysis is to allow
for uncertainty in the data (especially biological
plausibility and the strength of cases that require a
subjective judgement to be made) and to allow users
to gauge the possible impact of a change in input
value on the results. Therefore, the sensitivity analy-
sis was used to further look at those signals where
the impact analysis result disagreed with the collec-
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tive judgement and to identify if the collective
judgement category was included within the find-
ings of the sensitivity analysis. For the ten signals
where the collective judgement was higher than the
impact analysis results, four were included in the
sensitivity analysis and six were not. Where the
collective judgement was lower than the impact
analysis (n = 25), the collective judgement was
included in the sensitivity analysis for 16 signals but
not in 9 signals. Overall, for those signals where the
impact analysis disagreed with the collective judge-
ment, 57% (20 of 35) were included in the sensitivi-
ty analysis.

Inter-Observer Variation

There were three separate analyses for the inter-
observer assessment: (i) biological plausibility; (ii)
case assessment; and (iii) overall impact analysis
categories. Twelve scientists participated in the
inter-observer variation study, four of whom acted
as co-ordinators who assessed the biological plausi-
bility and the strength of the cases independently.
These two variables require a judgement to be made.
Forty-eight signals were analysed by two observers
(scientist and co-ordinator) for the inter-observer
study.

Biological Plausibility

For 27 of 48 signals analysed (56%), there was
agreement between the two observers on the biolog-
ical plausibility (kappa statistic 0.33). These results
are shown in figure 3. There was only one signal
where the co-ordinator and scientist differed by two
categories.

Strength of Cases

In the assessment of cases, the two observers
agreed for 22 of 48 signals (46%) analysed (kappa
statistic 0.20). The results are shown in figure 4.

Collective judgement category

Impact
analysis
category

Fig. 2. Comparison between the categories assigned to each signal
by the collective judgement of the assessors and the scientists
using impact analysis.
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Co-ordinator

Scientist

Fig. 3. Assessment of biological plausibility by scientists and co-
ordinators.

There were four signals where the assessments were
different by two levels, in each case the co-ordinator
graded the cases lower than the scientist.

Overall Impact Analysis Category

The observers agreed on the overall impact anal-
ysis category for 85% (41 of 48) of the signals
analysed (see figure 5). This is good agreement
(kappa statistic 0.77) and illustrates that although
there is inter-observer variation on the subjective
inputs, biological plausibility and strength of the
cases, it makes little difference to the overall out-
come.

Questionnaire

The scientists and those more experienced staff
who formed the collective judgement where asked
their view on impact analysis (response rate 81% of
the 27 participants in the pilot study). Overall, the
feedback was very positive, with 68% of the ques-
tionnaire responders indicating that impact analysis
improved how signals are prioritised.

Discussion

This pilot study that investigated the use of im-
pact analysis at the MHRA has demonstrated that, in
this setting, it provides a repeatable, systematic and
formalised approach to prioritising safety signals
that arise from spontaneous ADR data. The sample
size of 87 signals was sufficient to ensure that it can
be applied to almost any signal arising from such
data and no major problems were encountered in its
application.

In theory, the method seems preferable to judge-
ments based entirely on qualitative criteria (such as
SNIP™)). One difficulty in assessing the value of
impact analysis is the absence of a gold standard for
the prioritisation of signals. This pilot study showed
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fairly poor agreement between impact analysis and
the collective judgement. However, in this study,
impact analysis generally ranked signals as a higher
priority than the collective judgement of a weekly
signal review meeting. There are many possible
reasons for this, such as signals that were selected
were not new signals as action was already ongoing
or assessors applied clinical judgement to the ex-
isting terminology in the SPC and decided that the
specific preferred term was sufficiently labelled in
the SPC. The agreement between impact analysis
and the final action is better than between impact
analysis and the collective judgement, representing
a combination of knowledge and data from both
methods. The pilot study also demonstrates that
most signals (PRR >3, y2 >4, >3 reports and not
labelled in the SPC) analysed in this pilot study were
of low priority when assessed by either method.

The output produced from the impact analysis
program not only produces a suggested consequent-
ial action but also provides a sensitivity analysis of
what the action would be if each score was classified
one category higher or lower than that given. This
extra analysis helps the user see what would happen
in the case that they were unsure of which of two
categories to select, and gives confidence in the
stability of the categorisation.

Impact analysis is a method for determining
which signals are the most important. Its strengths
lie in promoting a systematic scientific approach and
in providing an accessible audit trail for the decision
making process. This facility is particularly useful
when signals are reassessed because further data
have become available. However, there are potential
drawbacks with using impact analysis. The numeri-

Co-ordinator

Weak Fairly Average Fairly Total
weak strong
Scientist

Weak 2 2 0 0 4
Fairly 5 7 2 0 14
weak
Average 3 5 13 3 24
Fairly 0 1 5 0 6
strong
Total 10 15 20 3 48

Fig. 4. Assessment of the strength of the cases by scientists and
co-ordinators.

Drug Safety 2005; 28 (10)



906

Heeley et al.

Co-ordinator

Scientist

Fig. 5. Overall impact analysis category as assessed by scientists
and co-ordinators.

cal values of the evidence and public health score
provide a category that is only a guide. Therefore, it
is important that these numerical values are not over
interpreted. Furthermore, the level of the dictionary
at which signal detection and impact analysis is
carried out is important as this can influence the
results. For instance, in the pilot study, impact anal-
ysis was performed using reactions that were de-
tected at a particular preferred term. Occasionally,
the higher-level term may have been more appropri-
ate. Impact analysis could be performed at the
higher-level term, but for this pilot study signals
were detected and assessed at the preferred term
level.

During the pilot phase we have occasionally en-
countered difficulties in estimating usage data, for
example anticancer agents and over-the-counter
products. On the occasions that it was not possible to
estimate usage the default was used for the reporting
rate input. Using Disability-Adjusted-Life-Years
(DALYs) to estimate the non-fatal outcome is a
possible further enhancement provided that these
could be classified in the Medical Dictionary for
Regulatory Activites (MedDRA) terminology.

We did not quantify the time taken to perform
impact analysis, but it did not place an unacceptable
burden on the staff involved. Its purpose is not
necessarily to save time in the short term but to
promote a more structured approach to prioritisa-
tion. It is important to recognise that our study does
not allow any conclusions about the superiority of
impact analysis or the collective judgement.

Conclusions

Impact analysis provides a useful approach to
prioritising signals in the regulatory setting. It is a
structured, repeatable method that provides a basis
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for the decision-making process and also encom-
passes a valuable audit trail. Its suitability for use by
other regulatory agencies and the pharmaceutical
industry would need to be investigated and possibly
tailored to their needs.
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