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Abstract

Background and Objective New pharmacovigilance leg-
islation in the European Union has underlined the impor-
tance of signal management, giving the European
Medicines Agency’s newly established Pharmacovigilance
Risk Assessment Committee (PRAC) the mandate to
oversee all aspects of the use of medicinal products
including detection, assessment, minimization, and com-
munication relating to the risk of adverse reactions. In this
study, we describe the signals as brought to the PRAC
during the first 18 months of its operation and the ensuing
regulatory actions.

Methods Data were collected from publicly available
sources, for the period July 2012-December 2013, classi-
fied according to predefined rules, and described using the
appropriate descriptive statistics. Suspected adverse drug
reactions were categorized into the Medical Dictionary for
Regulatory Affairs and drug names were mapped to the
Anatomical Therapeutic Chemical codes.
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Results  During the study period, 125 signals concerning
96 medicinal products were discussed by the PRAC. The
majority of signals were triggered by spontaneous reports
(62 %) and the median drug age (since marketing autho-
rization) for drugs that prompted a signal was 12 years,
significantly less compared with drugs that had no signal
within the same period (20 years). The mean time until a
decision was reached by the PRAC was 75 days (median
30 days, range 0-273) with 43 % of all decisions taken
during the first meeting. The decisions to start a referral
and to send a direct healthcare professional communication
took the least amount of time [54 days (median 27 days,
range 0-186) and 51 days (median O days, range 0-153)].
Conclusions The importance of spontaneous reporting in
signal detection and monitoring of safety issues throughout
the entire life cycle of a medicinal product is confirmed in
this study. The amount of time a drug has been on the market
is correlated with the number of signals detected. The PRAC
decision-making process seems efficient particularly with
respect to serious concerns; its role in improving signal
prioritization and real-time signal management will be fur-
ther clarified in its subsequent years of operation.

Key Points

Spontaneous reports remain an important source of
safety signals.

The amount of time of a drug on the market (‘drug
age’) is correlated with the number of signals
detected.

This could be considered, alongside other variables,
when determining the frequency of monitoring.
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1 Introduction

Pre-approval clinical research is primarily focused on
establishing efficacy, and its limitations with regard to
identifying risks are well known and described previously
[1-3]. Only after market exposure and use in everyday
practice is more information on the full benefit-risk profile
identified.

An important cornerstone in further clarifying the risk
profile of a medical product post-marketing is the detection
of ‘signals’, that is, “information which arise from one or
multiple sources (including observation and experiments),
which suggest a new potentially causal association or a
new aspect of a known association, between an interven-
tion and a set of related events, either adverse or beneficial,
which would command regulatory, societal or clinical
attention, and is judged to be of sufficient likelihood to
justify verificatory action” [4]. In pharmacovigilance, we
are primarily concerned with safety signals. Safety signals
may arise anytime during the drug lifecycle but they are
expected to occur more frequently in the first years of
marketing [4]. However, also after several years new
adverse events can arise.

Within the context of the new pharmacovigilance leg-
islation in the European Union (EU), this key initial stage
in the pharmacovigilance process is now duly recognized
and specific responsibilities and interactions between
stakeholders have been laid down in several guidance
documents [5, 6]. According to the current legislation, the
marketing authorization holders, the European Medicines
Agency (EMA) and the national competent authorities
“should continuously monitor the data available in the
EudraVigilance database” [6, 7].

The Pharmacovigilance Risk Assessment Committee
(PRAC) [8] at the EMA has a central role in scientific
advice and decision making in relation to signal manage-
ment. The mandate of the PRAC covers all aspects of risk
management of the use of medicinal products for human
use including the detection, assessment, minimization, and
communication relating to the risk of adverse reactions,
having due regard to the therapeutic effect of the medicinal
product for human use, the design and evaluation of post-
authorization safety studies, and a pharmacovigilance audit
[6, 7, 9].

In the EU, the signal management process concerns all
stakeholders involved in the safety monitoring of medicinal
products including patients, healthcare professionals, mar-
keting authorization holders, regulatory authorities, scien-
tific committees, and decision-making bodies (such as
competent authorities in the Member States and the Euro-
pean Commission). Whereas the EudraVigilance database
is a major source of pharmacovigilance information, the
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signal management process covers also signals arising from
outside the EudraVigilance database or not directly sup-
ported by this database. The legislation [6, 7] has laid down
the specific requirements for the different stakeholders. In
the Good Vigilance Practice module IX, detailed infor-
mation and guidance is provided including the different
roles and responsibilities of the stakeholders [5, 20].

The signals on the PRAC agenda are generated by the
EMA or member states. If the marketing authorization
holders identify a signal, they cannot send it directly to the
PRAC, but to national agencies or the EMA, who will
further decide the way of handling. The criteria for refer-
ring a signal to the PRAC are not specifically set, except
those derived from current guidelines [5], namely a signal
should be new and clinically significant.

For signal management, the PRAC has an important role
in the prioritization of potentially new safety issues, eval-
uating the underlying data and making recommendations
regarding the regulatory actions that should be taken [5, 9].

2 Objectives

The objective of this study was to characterize the signals
as brought to the PRAC during the first 18 months of its
operation (July 2012-December 2013) and the ensuing
regulatory actions. Within this characterization we focused
on factors related to the lifecycle of a drug (e.g., time since
marketing authorization).

3 Methods
3.1 Data Collection

Data regarding the safety signals were extracted from the
publicly available information on the website of the EMA
containing the PRAC meeting minutes and recommenda-
tions on safety signals [10, 11]. Suspected adverse drug
reactions were categorized using the Medical Dictionary
for Regulatory Affairs (terminology, version 16.1), an
international medical terminology developed under the
auspices of the International Conference on Harmonization
[12]. International nonproprietary names of drugs were
mapped to the Anatomical Therapeutic Chemical classifi-
cation codes according to the World Health Organization
classification and the first authorization date was collected
from European Union Reference Date list, when not
available from the EMA website or other regulatory
resources. For class effects, the oldest substance was used
as a reference for calculating the time since marketing



Signal Management in Europe 1061
Fig. 1 Workflow of signals at s ~
the PRAC. DHPC dear n=19 .
. > Routine
healthcare professional h il
communication, PRAC n=14 pharmacovigtiance
Pharmacovigilance Risk _[ Additional information ]-—} \ )
Assessment Committee, PSUR n=24 > 4 N
periodic safety update report,
RMP risk management plan, n=27 SmPC update
SmPC summary of product _[ Additional information H
characteristics, asterisk \ /
represents more than one n=1 4 h
recommendation per signal ) >
possible Evaluated signals* - RMP update
_[ Additional information B
-5 g <
n=
>
n=3 Issue of DHPC
H Additional information H
\ <
nea = 4 N\
Referral started
K / A Additional information =S
\ /
| Ongoing n=17 >
[ Addressed in parallel PSUR procedure n=13 ] [ ] U D U

authorization. Data on medical product exposure were
likewise obtained from PRAC meeting minutes.

3.2 Classification of Variables

Signals are classified, by default, to be derived from either
EU spontaneous reporting systems (Eudravigilance or
national) or other sources. However, to provide more
detailed information on the source of the signals, we
employed the following classification for this study: (1)
spontaneous case reports; (2) spontaneous case reports plus
published cases; (3) clinical trials; (4) observational stud-
ies; (5) published case reports or case series; and (6) others.
Communications from other regulatory authorities outside
the EU were tracked, when possible, to determine the
original source.

The medical products were classified according to the
type of authorization: centralized authorization (i.e., single
marketing authorization across all EU countries) or
national authorization (i.e., the product is authorized at a
national level in one or more member states).

PRAC recommendations were collected and categorized
according to the action taken. After a signal is brought to
the PRAC for discussion, these are the possible outcomes:
(1) no further action besides routine pharmacovigilance;
(2) request for further data; or (3) immediate action. Fur-
ther evaluation in an ongoing periodic safety update reports

(PSURs) assessment was considered a separate and tem-
porary outcome. The recommendation for cumulative
reviews to be provided in future PSURs was considered
routine pharmacovigilance. The regulatory actions that can
be taken after a signal is discussed include: (1) update of
summary of product characteristics; (2) direct communi-
cation to healthcare professionals; (3) update of the risk
management plans; (4) suspension/withdrawal from the
market; or (5) re-evaluation of the benefit-risk profile
through a referral procedure (see Fig. 1). It is possible to
have more than one regulatory action per signal. In this
study, we considered an action as immediate if the decision
was taken in the first PRAC meeting. Signals for which the
outcome was not available in the month after the end of the
study period (i.e., January 30, 2014) were labeled as
ongoing.

3.3 Data Analysis

Descriptive statistics appropriate to the type of variables
were used to describe the characteristics of signals dis-
cussed at the PRAC during the study period.

We also tested the hypothesis that drugs that had signals
in the study period were ‘younger’ than those that did not
have signals. For this purpose, we compared the drugs that
had at least one signal on the PRAC agenda during the
study period with a set of controls comprising drugs
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Table 1 Characteristics of signals discussed at the PRAC between
July 2012 and December 2013

Signals, n 125
Medicinal products, n 96
Identifier count, n (%)
European Medicines Agency 65 (52)
Individual member states (country of origin)
Netherlands 15 (12)
United Kingdom 15 (12)
Italy 7 (5.6)
Sweden 5 (4.0)
France 4(3.2)
Belgium 324
Denmark 3124
Ireland 3(2.4)
Germany 2 (1.6)
Spain 1(0.8)
Finland 1 (0.8)
Portugal 1 (0.8)
Time since marketing authorization, years (%)
Median (range) 12 (0.5-68)
<5 20 (21)
5-10 20 (21)
>10-15 16 (17)
>15 40 (41)
Type of authorization count, n (%)°
Centralized 49 (51)
National 41 (43)
Mixed 6 (6.3)
Signals of special interest count, n (%)
Drug interaction 13 (10)
Medication error 2 (1.6)
Off-label use 2 (1.6)
In utero exposure 2 (1.6)
Accidental exposure 1 (0.8)
Source, n (%)
Spontaneous cases 77 (62)
Spontaneous cases including literature case reports 13 (10)
Randomized controlled trials 10 (8.0)
Observational (post-marketing) studies 10 (8.0)
Literature case reports 8 (6.4)
Other 7 (5.6)
System Organ Class, n (%)°
Skin and subcutaneous tissue disorders 16 (13)
Nervous system disorders 13 (10)
Cardiac disorders 8 (6.4)
Immune system disorders 8 (6.4)
Blood and lymphatic system disorders 7 (5.6)
Investigations 7 (5.6)
Vascular disorders 7 (5.6)
Other (less than 5 %) 59 47)
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Table 1 continued

Drug class, n (%)

Antineoplastic and immunomodulators 25 (26)
Nervous system 20 (21)
Anti-infective for systemic use 13 (14)
Alimentary tract and metabolism 5(.2)
Other 33 (34)

ATC Anatomic Therapeutic Chemical classification, Identifier the
country that sends the initial signal to the PRAC, MedDRA Medical
Dictionary for Regulatory Affairs, PRAC Pharmacovigilance Risk
Assessment Committee

4 Three signals were not counted for the following reasons: two were
considered a duplication of a same signal for a different vaccine strain
(primary ovarian failure and complex regional pain syndrome with
human papilloma virus vaccines) and another one (boceprevir and
drug interaction with quetiapine) was extended (considered class
effect) from an already discussed signal

" Centralized authorization: a single marketing authorization that is
valid in all European Union countries, National authorization: the
product is authorized and marketed in one or more member state(s),
Mixed: a combination of centralized and national authorization

¢ System organ class: classification of an adverse reaction according
to its etiology and manifestation site in anatomic site in MedDRA
terminology

monitored during the same period but that did not yield any
signal considered at the PRAC. These controls were chosen
from the signal work-sharing list (a list of active substances
contained in authorized medicines for which a lead Mem-
ber State has been appointed to monitor data in Eudra-
Vigilance, to validate and confirm signals on behalf of the
EU regulatory network) [13] and from the list of central-
ized products monitored by the EMA. In the case of a
signal work-sharing list, to correct for potential variations
in applying monitoring methodologies between countries,
drugs were matched on a Lead Member State (i.e., a
country responsible for monitoring of a particular drug) to
ensure that they underwent the same screening process.

4 Results

During the study period of July 2012-December 2013, 125
signals were discussed by PRAC, for 96 different drugs.
Among the 125 signals, 15 were follow-ups from the pre-
vious Pharmacovigilance Working Party (i.e., former sci-
entific group that handled signals at the EMA before
establishment of PRAC) discussion.

A descriptive analysis of all signals discussed at the
PRAC is presented in Table 1. The majority of signals
were triggered by spontaneous reports (62 %), followed by
spontaneous reports plus literature case-series (10 %),
clinical trials (8 %), and observational studies (8 %). Ten
signals (8 %) originated from regulatory authorities outside
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Europe. The most frequently discussed signals were related
to skin and subcutaneous tissue disorders (13 %), nervous
system disorders (10 %), cardiac disorders (6.4 %), and
immune system disorders (6.4 %). The median time since
the first marketing authorization in a European country for
the drugs discussed at the PRAC was 12 years (range
0.5-68), with 42 % being less than 10 years on the market
(see Fig. 2). If we exclude signals at a class level from the
analysis, the distribution of time on the market is shifted
towards the left, the median being 1 year lower; 11 years
(see electronic supplementary material).

Exposure data were available for 75 % of drugs; how-
ever, it was variously reported as either the number of
patients (42 %) or person-years (33 %) and across different
time periods and therefore not directly comparable between
drugs. From the comparable data, the median cumulative
exposure from the marketing authorization until the signal
date was 2.1 million patients (range 3,000-320 million
patients), the majority of drugs (68 %) having an exposure
of less than 10 million patients.

Table 2 summarizes PRAC final recommendations
regarding signals and the time from the first discussion
until the decision. Signals under ongoing evaluation
(n = 17, 13 %) and those addressed in parallel procedures
were excluded from the time analysis, because no final
outcome was reached for those at the time of writing of this
article. The mean time-to-PRAC decision for a signal was
75 days (median 30 days, range 0-273 days) with 43 % of
all decisions taken during the first meeting (i.e., immediate
action). For 17 % of signals concluded in the first meeting,
no action besides routine pharmacovigilance was needed.
We performed a sensitivity analysis where we included the
decision to address the signals in ongoing PSURSs in the
calculation; for this we obtained a mean time-to-PRAC

30 4
25
20

15 1

10 -

Number of drugs with at least one signal (%)

0 T T T T T T T 1

10 20 30 40 50 60 70 80
Time since marketing authorization (years)

Fig. 2 Time since marketing authorization across drugs that had a
signal on the PRAC agenda. PRAC Pharmacovigilance Risk Assess-
ment Committee

Table 2 PRAC final recommendations regarding signals

Recommendation N Time until recommendation (days)
Mean Median Range
SmPC update 51 81 57 0-243
Routine pharmacovigilance 33 60 0 0-273
Referral started 9 54 27 0-186
DHPC 7 51 0 0-153
RMP update 7 132 144 0-234

Signals with ongoing evaluation were excluded; more than one rec-
ommendation per signal possible

DHPC dear healthcare professional communication, PRAC Pharma-
covigilance Risk Assessment Committee, Referral a procedure used
to resolve issues such as concerns over the safety or benefit-risk
balance of a medicine or a class of medicines, RMP risk management
plan, SmPC summary of product characteristics

decision of 66 days (median O days, range 0-273 days)
with 54 % immediate actions taken.

The decisions to start a referral and to communicate a
safety issue via direct healthcare professional communi-
cation took the least amount of time [54 days (median
27 days, range 0-186) and 51 days (median O days, range
0-153), respectively]. These results should be considered
in the context of the fact that the PRAC conducts meetings
on a monthly basis.

For 57 % of the signals, additional information was
requested after the first discussion in the PRAC either from
marketing authorization holders via a cumulative review
(n = 65) or from member states, in the form of a non-
urgent information request (n = 8). The cumulative reviews
were submitted either within 30 or 60 days, or addressed
during an ongoing PSUR procedure (see Fig. 3).

In the second part of the study, the hypothesis that drugs
with signals are ‘younger’ (i.e., have been on the market
more recently) on average than drugs without signals was
tested. The comparison between drugs with signals
(n = 96) and without (n = 894) at the end of the moni-
toring period showed that the drug age was significantly
lower for drugs thath had identified safety issues in the
period (median 12 vs. 20 years, p = 0.01, Mann—Whitney
U test).

5 Discussion

At the time of approval, knowledge of the full benefit-risk
profile of any new drug is incomplete owing to the well-
known limitations of pre-approval research. Throughout a
drug’s life cycle, (serious) safety issues may emerge and
while market approval may mark the end of drug devel-
opment, it also marks the start of continuous evaluation of
benefits and risks. The results of our study reaffirm the
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Request of
pharmacoepidemiological
studies 3%

Cumulative Review 60 days 65%
Cumulative Review in PSUR 20%
Cumulative Review 30 days 12%
Other deadlines 3%

Fig. 3 Type of additional information requested during signal assessment at the PRAC. MAH marketing authorization holder, PRAC
Pharmacovigilance Risk Assessment Committee, PSUR periodic safety update report

important role of spontaneous reporting in the detection of
signals and the continuous need for monitoring because
safety issues are also identified later in the life cycle of a
drug.

The most frequent source of signals discussed by the
PRAC were spontaneously reported adverse drug reactions
(62 %). This is in line with studies from the USA [13],
where spontaneous reports were also found to be the most
frequent source. Ten percent of signals had multiple ori-
gins: spontaneous reports and literature, while another
6.4 % were identified exclusively from published case
reports, which emphasizes the importance of continuously
monitoring scientific publications [3, 14]. For a few signals
arising from spontaneous reports, the evidence was based
on one single case report (e.g., nomegestrol acetate-deep
vein thrombosis, human papillomavirus vaccine-broncho-
spasm, and erlotinib-pancreatitis).

The drug age in our study was significantly lower for
medicines with a signal as compared with those without
(median 12 vs. 20 years, p = 0.01). Two papers regarding
US Food and Drug Administration (FDA) safety-related
drug label changes reported that the safety actions occurred
at a median of 11 [15], and 10 years [16] after initial
approval, similar to our results. Another paper investigat-
ing regulatory actions for biologicals reported the mean
time to a safety-related regulatory action to be 3.7 years
[17]. This shorter time is probably explained by the fact
that this study only included biological drugs, which have
an essentially different safety profile and are thus more
intensively monitored post-marketing via post-authoriza-
tion safety studies and/or registries.
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While signals occur more frequently for younger drugs
(see Fig. 2), safety issues still appear for drugs that have
been on the market for more than 50 years (e.g., chloro-
quine, thiopental, codeine, and triamcinolone). This might
be due to a change in the patterns of use for these drugs,
better implementation of safety monitoring, increased
awareness in relation to certain safety issues, as well as
finalization of long-term observational studies. Such an
example is the signal for codeine and life-threatening
toxicity in cytochrome P450 2D6 ultra-rapid metabolizers,
a safety issue that only occurs in a small sub-population
[18].

Our study finding that a majority of the signals (60 %)
were for drugs that have been on the market for at least
10 years highlights the need for continuous pharmacovig-
ilance, as pointed out previously by Mol et al., who showed
that some serious safety issues were communicated to
healthcare professionals 10 or more years after approval
[19]. Another contributing factor to the identification of
signals for old drugs is that some signals are not new from
a scientific point of view but they can appear to be so from
a regulatory perspective (e.g., when a certain adverse
reaction is listed in the summary of product characteristics
in some countries but not in others).

The most frequent recommendation was a change in the
product information and this is similar to what has been
reported in relation to the post-marketing safety surveil-
lance decisions taken in the USA [13, 20].

For the interpretation of the results, it is important to
keep in mind that the signals discussed at the PRAC and
hence considered in our study represent only a subset of all
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signals discussed in the regulatory framework. Signals can
be identified by various stakeholders. After assessment by
member states, the need for discussion at the EU level is
decided and signals are brought to the PRAC agenda.
Signals can also be identified and dealt with in other reg-
ulatory procedures such as periodic reports or assessment
of study results. As far as we are aware, there was no
research that aimed to quantify and characterize signals
managed in these alternative routes, and a comparison is
not possible at this moment. Therefore, we cannot claim
the generalizability of our results for signals handled out-
side the PRAC.

The decision to send a signal to the PRAC is currently
not formalized in any documentation and is made on a
case-by-case basis, considering both signal-related factors
(seriousness of signal, public health impact, degree of
exposure to the drug) as well as process-related factors (the
fastest and most efficient route to implement a decision).

A time frame of 21 months from signal detection to
action has been reported by Hochberg et al. [21] for the
FDA system, although the data are not directly comparable,
because there is a lag time between detection and first
discussion at the PRAC and also between decision and
actual implementation, which we did not take into account.

According to our analysis, the PRAC decision-making
process seems efficient in the case of serious concerns
leading either to referral or DHPC dissemination, which
were handled more expeditiously than other decisions (see
Table 2). This is in line with a recent study that described
the PRAC activities since its initiation and reported some
process indicators that showed that the system is more
structured, faster, and with a more risk-proportionate
approach [9].

A limitation of our work might be that only signals
discussed at the PRAC were considered, although there are
other regulatory pathways through which signals can be
handled (e.g., PSURs) so we analyzed only a fraction of the
available information. Limited availability and heteroge-
neity of exposure data precluded further analysis of this
variable; therefore, we recommend increased standardiza-
tion in its reporting, although we acknowledge the diffi-
culties of acquiring accurately consistent exposure data at
the EU level.

6 Conclusions

The objective of this study was to characterize the signals
discussed at the EU level, since the PRAC started its
activity. The importance of spontaneous reporting in signal
detection and monitoring of safety issues throughout the
entire life cycle of a medical product is confirmed by our
study. We also found that the amount of time a drug has

been on the market is correlated with the number of signals
detected; however, further studies are necessary to find the
adequate frequency of monitoring. The role of the new
PRAC in improving signal prioritization and real-time
signal management will be further clarified in its sub-
sequent years of operation.
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