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Abstract
Introduction and Objective European Union legislation has mandated the submission of European Economic Area non-
serious reports to the EudraVigilance database since November 2017. As spontaneous reports of suspected adverse reactions 
to medicines represent a key source of safety signals, the European Medicines Agency has undertaken this work to assess the 
effects of this requirement on the characteristics of the reports submitted to EudraVigilance and on the detection of adverse 
drug reactions through routine analyses of the database.
Methods Changes in the numbers of serious and non-serious reports transmitted to EudraVigilance were examined over the 
period during which the legislation was implemented. The numbers and nature of potential safety signals emerging from 
established statistical algorithms used at the European Medicines Agency applied either to only the serious reports or to all 
reports in EudraVigilance were compared.
Results Up to November 2017, less than 25% of European Economic Area reports in EudraVigilance were classified as 
non-serious, since than this figure was slightly above 60%. This change accompanied an increase in the total number of 
reports received. Addition of non-serious reports to the signal detection process resulted in a small overall increase in signals 
of disproportionate reporting with some new signals of disproportionate reporting appearing and some existing signals of 
disproportionate reporting disappearing; the sensitivity of the signal detection system was slightly increased and the propor-
tion of signals of disproportionate reporting that corresponded to known adverse drug reactions (a measure of efficiency) 
was unchanged.
Conclusions The change in legislation has led to a small increase in sensitivity, without affecting the efficiency of the rou-
tine statistical measures used. The number of non-serious reports as a proportion of reports in EudraVigilance is likely to 
increase over time and further monitoring of the impact on signal detection is required. Further work is also required on the 
qualitative impact of non-serious reports on the nature of signals detected and on their evaluation.
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1 Introduction

The European Union pharmacovigilance legislation adopted 
in December 2010 [1, 2] brought about significant changes 
to reporting requirements for suspected adverse reactions 

[3]. An important change was the new requirement for 
Marketing Authorisation Holders and National Competent 
Authorities to report to EudraVigilance (EV) all non-serious 
cases originating from the European Economic Area (EEA). 
In addition, the new legislation brought an obligation on 
Marketing Authorisation Holders and National Compe-
tent Authorities to record and report cases received from 
patients, who cannot report directly to EV. In order to put 
into effect these changes, enhancements to the EV system 
were required and an audit demonstrating that the techni-
cal requirements were met had to take place. Following 
these steps, on 22 November, 2017, the enhanced EV was 
launched, accommodating the increased volumes of reports, 
supporting the use of international standards, including the 
International Council for Harmonisation (ICH) E2B(R3) on 
the data elements for transmission of individual case safety 
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Key Summary Points 

Up to and including November 2017, less than 25% of 
European Economic Area reports in EudraVigilance 
were classified as non-serious, since then this figure 
raised to 61.6%.

Comparison to a set of known adverse drug reactions 
suggested that including the non-serious reports slightly 
increased the sensitivity of the signal detection system 
(from 10.8 to 11.2%) whereas the positive predictive 
value was unchanged (at 13.6%).

Comparing the signal of disproportionate reporting 
appearing using only the serious reports and the signals 
of disproportionate reporting appearing using all reports 
(serious and non-serious) showed that 91.9% of signals 
of disproportionate reporting were unchanged. For the 
minority of signals of disproportionate reporting that 
changed, differences with respect to the profile of both 
adverse events and products were noticed; the impact of 
these changes, even if currently limited, might require 
further assessment in the future.

2  Methods

The analyses were aimed at assessing the impact of NSRs 
on statistical routine drug safety monitoring at the Euro-
pean Medicines Agency (EMA) and hence the extraction 
of cases from EV followed the same default criteria applied 
when preparing the data for screening, which includes the 
calculation of signals of disproportionate reporting (SDRs) 
as described in section 4.1.5 of the guideline on ‘Screening 
for adverse reactions in EudraVigilance’ [7]. These reports 
are referred to as spontaneous in the rest of the article.

2.1  Descriptive Analysis

In order to assess the way the legislation has changed the 
reporting volumes, the trend of NSRs received in EV was 
examined across a period that included the implementa-
tion date of 22 November, 2017. The absolute number of 
all spontaneous reports (serious and non-serious) and of 
NSRs received in EV was calculated from 01/07/2012 to 
30/06/2019, as well as the proportion of NSRs relative to 
the total. Results were further broken down by cases aris-
ing in the EEA only. As the legislation only mandated the 
reporting of NSRs from the EEA, most analyses focused on 
these reports.

Changes in numbers and proportions of NSRs reported to 
EV were analysed to identify possible patterns according to 
patient age groups, primary source qualification and country 
of origin. A potential complicating factor in the analysis was 
the coincident introduction of the possibility to submit the 
cases in the new ICH-E2B(R3) data format that requires 
seriousness to be stipulated at a reaction level, whereas in 
ICH-E2B(R2) the seriousness is assigned at a case level 
(meaning that only the case could be categorised as serious 
or non-serious). To deal with both reporting standards in the 
analysis, the same logic used with ICH-E2B(R2) cases was 
applied to cases reported in ICH-E2B(R3) (i.e. if at least 
one reaction was reported as serious, the case was consid-
ered serious). Moreover, some analyses focusing on cases 
reported in ICH-E2B(R3) have been included to understand 
how seriousness at a reaction level is reported.

2.2  Signals of Disproportionate Reporting

This part of the study focused on estimating the impact of 
the mandatory reporting of NSRs on the statistical detec-
tion of safety signals. Several disproportionality measures 
have been proposed for signal detection purposes [8–11]; 
the statistical indicator of potential drug safety problems 
used routinely in EV is the reporting odds ratio (ROR) [7] 

reports, and increasing access, analytical tools and transpar-
ency [4]. With these system enhancements, the new report-
ing requirements entered into force.

Signals of new safety issues with medicines, or a new 
aspect of a known issue, may originate from multiple 
sources, with spontaneous reports of suspected adverse reac-
tions to medicines contributing to more signals than any 
other source [5]. EudraVigilance is the system for manag-
ing and analysing this information in the EEA. Therefore, 
when it comes to the overall performance of the EV system, 
a legitimate question is whether the mandatory reporting of 
non-serious reports (NSRs) from 22 November, 2017 has 
had an effect on the detection of safety signals when sig-
nal detection processes are conducted in all other respects 
according to the established process [6, 7].

This paper reports on a series of analyses performed to 
assess the increase and nature of the NSRs and their effect 
on signal detection in EV. The work is a contribution to the 
Pharmacovigilance Risk Assessment Committee Strategy on 
Measuring the Impact of Pharmacovigilance Activities [8], 
it is in line with the Pharmacovigilance Risk Assessment 
Committee implementing regulations of regularly review-
ing the methodology(ies) used and publishing recommenda-
tions, and its results inform the pharmacovigilance process 
review and potential improvements.
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(Table 1 of the Electronic Supplementary Material [ESM]). 
The ROR is calculated in each of five macro geographical 
regions of reporting (Europe, North America, Japan, rest of 
Asia and rest of the world [12]) and a SDR is raised for a 
specific drug-reaction combination if, in at least one macro 
region, all the following criteria are satisfied:

the lower bound of the 95% confidence interval of the 
ROR is greater than one;

the number of individual cases is greater than or equal to 
three for active substances contained in medicinal products 
included in the additional monitoring list [15] or five for the 
other active substances;

the event belongs to the Important Medical Events list 
[16], a subset that reflects more closely the concerns of phar-
macovigilance experts.

For each of the analyses, the number and the character of 
SDRs arising from routine statistical signal detection meth-
ods performed by the EMA for substances included in Cen-
trally Authorised Products (CAPs) were calculated and then 
compared for either (i) spontaneous serious reports only or 
(ii) all spontaneous reports (serious and non-serious).

2.2.1  Comparing SDRs

To assess whether including NSRs generated a different 
set of potential signals, and the magnitude of this change, 
SDRs raised with only the serious reports were compared 
to SDRs raised with all reports, and as a result three groups 
were identified: (i) SDRs raised in both scenarios; (ii) SDRs 
raised only from serious reports; and (iii) SDRs raised only 
from all reports (serious and non-serious).

2.2.2  Performance Measures

To compare the effectiveness of signal detection methods, a 
definition of the properties that constitute an effective signal 
detection system and a reference database to measure the 
extent to which these properties are achieved were required. 
Regarding the reference database, the publicly available 
PROTECT ADR database of labelled reactions for CAPs 
[13] that maps the wording in section 4.8 of the Summary 
of Product Characteristics to Preferred Terms (PTs) of the 
Medical Dictionary for Regulatory Activities  (MedDRA®) 
was used. As the reference database includes only CAPs, 
the analysis described in this section was restricted only to 
CAPs.

In line with previous work [9, 10, 12], the measures cho-
sen to compare the effectiveness of signal detection were 
sensitivity (the proportion of adverse drug reactions [ADRs] 
from the reference database that were flagged as SDRs) and 
positive predictive value (PPV, the proportion of SDRs that 

corresponds to ADRs present in the reference database, also 
called ‘precision’ and considered a measure of efficiency).

The SDRs identified from serious reports and the SDRs 
from all reports were then compared with the ADRs in 
the PROTECT ADR database to calculate sensitivity and 
PPV. Several sensitivity analyses were conducted to assess 
whether results were dependent on some specific settings in 
the reference database and/or on the data used to calculate 
SDRs:

Reference dataset restricted only to post-marketing ADRs: 
the PROTECT ADR database allows us to recognize the 
ADRs that were identified or confirmed during post-mar-
keting. As EV is used to identify post-marketing ADRs, 
restricting the reference database to such events might serve 
as a useful comparison;

Maximise the proportion of NSRs on the total spontaneous 
reports: even if from 22 November, 2017 the proportion of 
NSRs showed a marked increase, their weight on the totality 
of cases in EV is still modest.

Restricting the analysis to include only data from the 
implementation of the new legislation allowed an estimation 
of the impact of NSRs when their relative proportion was 
at the highest and it simulated what could happen in a few 
years’ time as the weight of NSRs increases. As the legisla-
tion only mandated the reporting of NSRs from the EEA, an 
additional analysis further restricted to include only reports 
from the EEA allowed us to focus on the region where the 
proportion of NSRs is even higher.

Use of the discontinued method to identify SDRs: before 
the implementation of the new guideline on ‘Screening for 
adverse reactions in EudraVigilance’ [7], the disproportion-
ality measure was calculated on the totality of spontaneous 
reports in EV, without considering the split by macro region. 
Using this now-discontinued method was considered a help-
ful analysis as it spread the weight of NSRs clustered in the 
EEA.

All the analyses listed addressed the question of whether 
including NSRs in the set of reports where the dispropor-
tionality algorithm is applied had an effect on the number 
and characteristics of SDRs; an alternative analysis was to 
explore the use of NSRs separately, answering the question 
whether the set of NSRs by itself could generate additional 
SDRs to improve signal detection. In this approach, tested 
by Seabrooke et al. [12], reports in EV were divided into two 
subgroups, serious and NSRs, and the ROR was estimated 
within each subgroup. An SDR was considered to exist if 
the conditions for an SDR were met within either of the two 
subgroups.
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2.2.3  Number of Reports per SDR

As an additional measure to assess the potential impact on 
workload, the average and median number of reports asso-
ciated with each SDR generated in the two scenarios (only 
serious reports or all reports) were compared.

2.2.4  Individual Review of False Positives

The underlying assumption of using a reference database 
of only positive controls is that any SDR with the event not 
coded in the reference is considered as a false positive rather 
than an unknown association [14]. The consequence is that 
the estimate of PPV obtained will be slightly conservative, 
but, more importantly for the scope of this analysis, any 
comparative evaluation between SDRs from only serious 
reports and from all reports is unlikely to be misleading as 
both scenarios should roughly be equally disadvantaged by 
inaccuracies in the list of positive controls.

To have some empirical confirmation of the false posi-
tives in both scenarios, 40 SDRs considered as false posi-
tive and appearing only in one scenario (20 SDRs raised 
only from serious reports and 20 SDRs raised only from all 
reports) were selected from those with the highest ROR and 
reviewed individually and independently by two experienced 
assessors in signal management to confirm they were not 
potential signals.

2.2.5  Profiling of SDRs Appearing in Only One Scenario

The profile of SDRs appearing only when the dispropor-
tionality algorithm was applied to serious reports and of 
SDRs appearing only when it was applied to all reports (seri-
ous and non-serious) were further analysed to investigate 
whether they differed in term of reactions and substances 
involved, and whether any pattern could be established.

3  Results

3.1  Descriptive Analysis

3.1.1  Chronological Trend of NSRs in EV

Figure 1 shows a marked increase of NSRs both in abso-
lute number and as proportion of the total number of cases 
reported in EV. Figure 2 shows that the change was more 
pronounced when the EV analysis was restricted to EEA 
cases, where NSRs represent 61.6% of the reports submitted 
after the new reporting requirements on NSRs entered into 
force. Up to and including November 2017, less than 25% 
of EEA reports in EV were classified as non-serious, since 
then this figure raised to 61.6%.

3.1.2  Reporting by Primary Source: EEA

Reports of suspected ADRs may be initiated by a patient, 
by a healthcare professional (HCP), or by both a patient and 
HCP.1 Litigation cases have not been considered here in line 
with the criteria described in section 4.1.5 of the guideline 
on ‘Screening for adverse reaction in EudraVigilance’ [7]. 
Table 1 shows the increases in the proportion of NSRs from 
each source following the legislation. A marked increase in 
the proportion of NSRs was seen in each of the three cat-
egories of primary source reporting with the reports origi-
nated by a patient remaining the category with the highest 
proportion of NSRs. The category of ‘patient and HCP’ saw 

Fig. 1  Quarterly numbers of 
total spontaneous and non-
serious spontaneous reports in 
EudraVigilance
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1 An example of the latter is when a Marketing Authorisation Holder 
receives a report and then follows up with the reporter to obtain addi-
tional relevant information. Where the first reporter was a patient, the 
organisation performing the follow-up will usually ask for permission 
to contact their HCP to obtain such information. If the information is 
obtained, then there are both patient and HCP reporters for the same 
case.
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the biggest increase in relative terms. The category of ‘only 
patient’ also had the largest increase in absolute numbers 
of reports (serious and non-serious) in comparison with the 
levels before the implementation of the legislation.

3.1.3  Reporting by Age of Subject: EEA

There was some variation in increases in NSRs by age of 
the subject of the report (Table 2). The biggest increase in 
the relative proportion of NSRs was seen in the adult cat-
egory and when age was not reported; paediatric remained 
the category with the highest proportion of NSRs among the 
categories with age reported.

3.1.4  Reporting by Country: EEA

Figure 3 shows that some countries were already sending 
high numbers of NSRs before the change in the reporting 
requirements, as EV permitted the voluntary submission of 
NSR before the implementation of the new legislation. How-
ever, after the change, most countries range around ~60% of 
NSRs and the variation in rates between countries was much 
decreased (see Table 2 of the ESM).

3.1.5  Impact of the New ICH‑E2B(R3) Reporting Standard: 
EEA

The ICH-E2B(R3) reporting standard requires seriousness to 
be assigned for each suspected reaction in the report, allow-
ing serious and non-serious reactions to be individually iden-
tified in the same report. The left side of Table 3 shows the 
number and the type of adverse events for the cases reported 
in EV with the ICH-E2B(R3) format. The total number of 
reports received (200,549) represented more than a quarter 
(26.4%) of the total spontaneous cases received in EEA after 
the new legislation came into force. Case reports where both 

serious and non-serious reactions are reported represent a 
minority (approximately 8%).

Thus, while there is a possibility that the advent of 
ICH-E2B(R3) could have qualitatively changed the nature 
of some reports—as non-serious adverse reactions under 
ICH-E2B(R2) could have previously been hidden under 
what is now a report with both serious and non-serious reac-
tions—we consider this to be limited in number and there-
fore unlikely to have a large impact on this study. Finally, 
the right side of Table 3 also shows how reports with both 
serious and non-serious reactions have on average twice the 
number of adverse reactions compared with the reports with 
only either serious or only non-serious reactions.

3.2  Impact on Statistical Signal Detection

3.2.1  Comparing SDRs

The SDRs under the two scenarios (only serious or all 
reports) were compared; the majority (83,170, represent-
ing 91.9% of all SDRs) were unchanged, with only a small 
fraction of SDRs appearing in one scenario only, therefore 
no major changes were expected in the subsequent analy-
ses. Including NSRs led to an overall increase of 5.5% of 
SDRs, with 5981 new SDRs, but also 1337 that were lost 
(see Fig. 4).

A small increase in the number of SDRs appeared when 
NSRs were added to serious reports. However, it is not 
immediately clear whether this increase can be attributed 
to the reliability of information contained in the NSRs or 
to the increase in the volume of reports. This is because an 
increase in volume of reports can also impact on the number 
of SDRs [9, 10, 12].

To investigate that the increase in volume would natu-
rally increase the number of SDRs, a set of reports of the 
same number as the NSRs were created. To make this set not 
completely random, the same products and adverse events as 

Fig. 2  Quarterly numbers of 
European Economic Area 
(EEA) total spontaneous and 
non-serious spontaneous reports 
in EudraVigilance
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the NSRs set were used, but their combination was assigned 
at random. Therefore, the set of random reports consisted 
exactly of the same number for each product and adverse 
event as in the NSRs, but the combinations between products 
and adverse events were different. When these reports, from 
which the original valid information had been replaced by 
random information, were used, an increase of 4.4% in SDRs 
was found, compared to 5.5% with true NSRs. These results 
were consistent over ten repetitions of the randomisation.

3.2.2  Performance of Signal Detection: CAPs

Review of the reference database revealed that many (81%) 
of the ADRs at PT level listed in the Summary of Product 
Characteristics for the CAPs have never been reported in 
spontaneous reports to EV. This was unchanged by inclusion 
of NSRs (see Table 3 of the ESM).

In terms of performance, based on CAPs only, using 
both serious and NSRs resulted in a marginal increase in 
true and false positives compared to focusing only on seri-
ous reports. The results in Table 4 show a slightly higher 

sensitivity (~ 0.4%) and the same PPV when using both three 
and five as the threshold for the number of cases to define 
an SDR. These results were qualitatively unchanged in all 
the sensitivity analyses performed. See Table 5 for results 
using only adverse drug reactions identified postmarketing 
in the reference database. The alternative analysis to explore 
the use of NSRs separately revealed that the set of NSRs by 
itself could generate only a very limited number of addi-
tional ADRs (26) and this approach led to a slightly lower 
sensitivity and roughly the same PPV when compared with 
the main approach used in this study of analysing serious 
and NSRs together (see Tables 4 and 5 of the ESM).

To verify whether the impact on sensitivity and PPV 
can be mainly attributed to the reliability of information 
contained in the NSRs or to the increase in the volume of 
reports, the same set of random NSRs described in the pre-
vious paragraph was added. A small increase in sensitiv-
ity was still obtained but at the cost of a small decrease in 
PPV; using the five reports threshold, sensitivity rose from 
10.8 to 10.9% while PPV decreased from 13.6 to 13.5%. 

Table 1  Number and proportion of non-serious reports before and after the reporting rule change, split by primary source

HCP healthcare professional

0

1,50,000

3,00,000

4,50,000

6,00,000

7,50,000

9,00,000

before
21/11/17

after before
21/11/17

after before
21/11/17

after

Non serious Serious

Primary source Period Serious Non- serious Total (serious and non-
serious)

% Non-serious

Only patient 1 July 2012–21 Nov 2017 117,193 57,374 174,567 32.9
22 Nov 2017–30 Jun 2019 45,635 172,204 217,839 79.1

Patient + HCP 1 July 2012–21 Nov 2017 49,701 4994 54,695 9.1
22 Nov 2017–30 Jun 2019 17,047 19,793 36,840 53.7

Only HCP 1 July 2012–21 Nov 2017 660,873 216,793 877,666 24.7
22 Nov 2017–30 Jun 2019 228,441 275,190 503,631 54.6
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These results were consistent over ten repetitions of the 
randomization.

3.2.3  Number of Reports per SDR

Including NSRs generated 5.5% more SDRs; however, the 
average number of reports (individual case safety reports) 
associated with each SDR was similar to the average when 
only serious reports were considered, at just below 40, and 
the median was unchanged at nine in both scenarios.

3.2.4  Individual Review of False Positives

The result of the individual and independent review by two 
signal management assessors of 20 SDRs unique to each sce-
nario, i.e. from only serious or from all spontaneous reports, 
not in the reference database did not identify any potential 
signals for further review.

3.2.5  Profiling of SDRs Appearing in Only One Scenario

The unique SDRs generated analysing only the serious 
reports were contrasted with those unique SDRs generated 
analysing serious and NSRs. Table 6 shows the  MedDRA® 
PTs most reported in these discordant sets of SDRs.

On each side of the table, the PTs are ranked by frequency 
in the discordant set in the heading, but the ‘Rank’ column 
indicates the ordering of that particular PT amongst SDRs 
generated by the other report set. It can be seen that there 
were some unexpected changes in the SDRs found when 
NSRs were added, such as the serious disorder of Ste-
vens–Johnson syndrome making it to the top place as well as 
other serious conditions (e.g. circulatory collapse or multiple 
organ dysfunction syndrome).

Emphasis of statistical signal detection might refocus on 
to different clinical domains with the inclusion of NSRs. 
An indication of such a change can be obtained by examin-
ing the relative risk that an SDR will be generated in each 

Table 2  Number and proportion of non-serious reports before and after the reporting rule change, split by age group
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Age group Time Serious Non-serious Total (serious and non-
serious)

% Non-serious

Paediatric 1 July 2012–21 Nov 2017 71,618 49,562 121,180 40.9
22 Nov 2017–30 Jun 2019 25,932 41,129 67,061 61.3

Adult 1 July 2012–21 Nov 2017 360,398 123,461 483,859 25.5
22 Nov 2017–30 Jun 2019 124,585 188,253 312,838 60.2

Geriatric 1 July 2012–21 Nov 2017 276,756 79,055 355,811 22.2
22 Nov 2017–30 Jun 2019 95,405 108,426 203,831 53.2

Missing 1 July 2012–21 Nov 2017 120,453 27,083 147,536 18.4
22 Nov 2017–30 Jun 2019 45,201 129,379 174,580 74.1
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 MedDRA® System Organ Class when NSRs are included 
compared with using only serious reports. Figure 5 shows 
the System Organ Classes ordered by this relative risk. 
For example, the risk that an SDR will be occurring in the 
‘Reproductive system and breast disorders’ category is 
raised by a factor of 1.135 when NSRs are included.

The SDRs that differ when contrasting the analyses of 
only serious reports vs serious reports and NSRs may also 
change the focus with respect to substances to be investi-
gated. Table 7 shows that there is no overlap in the most 
frequently reported substances in the discordant SDRs. The 

display of frequency and ranking order follows the same 
rationale as in Table 6.

4  Discussion

The change in the rules for reporting suspected ADRs to 
EV came into effect in November 2017 and has resulted 
in an increased level of reporting of NSRs, both in abso-
lute number and in relation to the total. The change was 
more pronounced when the analysis was restricted to cases 

Fig. 3  Proportion of non-serious reports (NSRs) on the total sponta-
neous reports before and after the report rule change, split by Euro-
pean Economic Area countries (As the data for this analysis were 

retrieved prior to its withdrawal from the European Union, the UK 
has been considered as part of the EEA.)

Table 3  Total number of reports 
and mean number of adverse 
events per report submitted in 
ICH-E2B(R3)

ICH International Council for Harmonisation

Type of report No. of reports in ICH-
E2B(R3) format

Non-serious adverse reac-
tions per report (mean)

Serious adverse 
reactions per report 
(mean)

Only serious 65,869 Not applicable 2.8
Serious and non-serious 16,416 2.5 2.8
Only non-serious 118,264 2.4 Not applicable
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Fig. 4  Signals of disproportion-
ate reporting (SDRs) consider-
ing only serious or all spontane-
ous reports in EudraVigilance 
(threshold of at least five cases 
applied). NSRs non-serious 
reports

SDRs lost 
when including NSRs

new SDRs 
when including 

Table 4  Performance of signal detection methods on Centrally Authorised Products

PPV positive predictive value, ROR reporting odds ratio, SDR signals of disproportionate reporting
a n3 and n5 represent the threshold on the number of cases, respectively 3 and 5, to define an SDR used

*n3 and n5 represent the threshold on the number of cases, respectively 3 and 5, to define an SDR used.
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Methods Total SDRs True positive False positive Sensitivity PPV

ROR_n3a: only serious 44,826 4460 40,366 12.0% 9.9%
ROR_n3: serious and non-serious 46,309 4577 41,732 12.3% 9.9%
Change (%) + 3.3% + 2.6% + 3.4%
ROR_n5a: only serious 29,527 4028 25,499 10.8% 13.6%
ROR_n5: serious and non-serious 30,483 4143 26,340 11.2% 13.6%
Change (%) + 3.2% + 2.9% + 3.3%
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Table 5  Performance of signal 
detection methods on Centrally 
Authorised Products: sensitivity 
analysis using only adverse 
drug reactions identified post-
marketing in the reference 
database

NSR non-serious report, PPV positive predictive value, ROR reporting odds ratio, SDRs signals of dispro-
portionate reporting

Methods Total SDRs True positive False positive Sensitivity PPV

ROR_n3: only serious 24,311 741 23,570 27.5% 3.0%
ROR_n3: including NSR 25,012 757 24,255 28.0% 3.0%
Change (%) +2.9% +2.2% +2.9%
ROR_n5: only serious 16,083 682 15,401 25.3% 4.2%
ROR_n5: including NSR 16,523 693 15,830 25.7% 4.2%
Change (%) +2.7% +1.6% +2.8%

Table 6  Top 12  MedDRA® PTs most reported in the discordant sets of signal of disproportionate reporting

MedDRA® PTs common to the two sets of discordant SDRs are in italic
MedDRA® Medical Dictionary for Regulatory Activities, PTs Preferred Terms, SDRs signals of disproportionate reporting

Only serious (1337 SDRs) Serious and non-serious (5981 SDRs)

PT code No. of SDRs Rank (in serious 
and non-serious)

PT Code No. of SDRs Rank (in 
only seri-
ous)

Anaphylactic shock 35 44 Stevens–Johnson syndrome 73 145
Angioedema 30 19 Seizure 61 42
Loss of consciousness 30 5 Erectile dysfunction 58 15
Syncope 27 27 Circulatory collapse 58 16
Polyneuropathy 21 67 Loss of consciousness 55 2
Anaphylactic reaction 18 33 Thrombocytopenia 55 26
Hemiparesis 16 104 Respiratory distress 53 9
Hepatitis 15 28 Death 53 20
Multiple sclerosis 14 637 Pneumonia 48 9
Depressed level of consciousness 14 48 Arrhythmia 47 16
Pneumonia 14 9 Renal failure 46 31
Respiratory distress 14 7 Multiple organ dysfunction syndrome 46 31

Fig. 5  Number and relative risk 
of signals of disproportionate 
reporting by Medical Diction-
ary for Regulatory Activities 
 (MedDRA®) System Organ 
Class when non-serious reports 
are included
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arising in EEA, as expected because the relevant reporting 
rule change only applied to EEA reporting. The increase in 
the number of NSRs had also been affected by the new leg-
islation mandating the submission of patients and consumer 
reports to EV.

We have examined both the number and the character 
of SDRs arising from routine EMA statistical signal detec-
tion methods applied either solely to spontaneous serious 
reports or to all spontaneous reports, i.e. including the 
NSRs. The vast majority of SDRs (91.9%) were common 
to both scenarios.

Inclusion of NSRs produced some new SDRs and elimi-
nated others. Overall, an increase of about 5.5% of SDRs 
was noted; however, inclusion of a similar number of 
computer-generated reports, obtained by randomising the 
adverse event and substance lists from the NSRs, also con-
sistently increased SDRs by 4.4%. Although this demon-
strates that the increase in SDRs that can be attributed to 
the information contained in the NSRs is only about 1.1%, 
the increase in sensitivity when using randomised reports is 
only modest (0.1%) and counterbalanced by a correspond-
ing decrease in PPV. While when using the real NSRs, the 
increase in sensitivity raised from 10.8 to 11.2% and the 
PPV remained unchanged.

The maintenance of the PPV and consequently of effi-
ciency in terms of SDRs per ADR detected is a positive 
finding and is reinforced by the finding that the average num-
ber of reports contributing to each SDR did not increase. 
Hence, the workload per ADR seems likely to have remained 
unchanged (even if the workload has increased overall). The 
different sensitivity analyses performed, looking at different 
time periods and/or focusing only on the set of ADRs iden-
tified post-marketing, showed the same pattern of slightly 

increased sensitivity and similar PPV, thus providing confi-
dence on the robustness of the aggregated results.

The discordant SDRs highlighted only in one scenario are 
a minority (8.1% of the total SDRs); nevertheless, there were 
changes in the character of SDRs arising from reports that 
include NSRs. Both the nature of the adverse events and the 
sets of products have changed. However, the significance of 
these changes seems small when compared to the totality of 
the SDRs and the impact will only become clear in the long 
term as the proportion of NSRs in the database increases.

An interesting observation from the analysis was that 
there was considerable variation in transmission of NSRs 
between Member States prior to the legislation and some 
were already sending a high proportion if not all of their 
NSRs. Hence, an analysis of the potential impact of legisla-
tive changes could have been made prior to implementa-
tion and might have given useful information in shaping the 
legislation. The variation in transmission of NSRs between 
Member States decreased markedly after the legislation; 
the reasons for this remaining variation were not explicitly 
explored but likely reflect different cultures for reporting, 
different modalities being put in place by national compe-
tent authorities and different levels of promotion of patient 
reporting.

The analyses performed have some limitations. The 
timing to detect an ADR was not studied; although time 
is considered a key criterion for signal detection methods, 
the 91.9% overlap of SDRs between the two scenarios con-
sidered did not suggest an important change on any of the 
dimensions studied. The greater number of reports when 
NSRs are included would indicate that, if any effect on tim-
ing to detect an ADR was present, it would be on reaching 

Table 7  Top ten most reported substances in the discordant sets of SDRs

SDRs signals of disproportionate reporting

Only serious (1337 SDRs) Serious and non-serious (5981 SDRs)

Active substance No. of SDRs Rank (in serious 
and non-serious)

Active substance No. of SDRs Rank (in 
only seri-
ous)

Etanercept 148 180 Fluconazole 56 78
Pregabalin 43 905 Troglitazone 43 123
Varenicline 40 905 Prednisolone 37 No SDRs
Human papillomavirus vaccine [types 6, 11, 16, 18] (recom-

binant, adsorbed)
28 57 Adalimumab 36 No SDRs

Sildenafil 28 57 Prednisone 35 No SDRs
Varicella vaccine (live) 25 318 Cyclophosphamide 33 No SDRs
Sitagliptin 22 631 Trovafloxacin 32 No SDRs
Pneumococcal polysaccharide conjugate vaccine (adsorbed) 21 497 Ciclosporin 32 192
Telmisartan 18 631 Rituximab 32 No SDRs
Dabigatran 18 180 Azithromycin 31 45
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more quickly the threshold on the number of cases to have 
an SDR.

Another limitation is that the reference database was 
based only on CAPs; however, it is not expected that Nation-
ally Authorised Products (NAPs) would systematically differ 
from CAPs in term of performance of statistical signal detec-
tion. The analysis showing that 91.9% of SDRs remained 
unchanged included NAPs and reinforces the suggestion that 
the conclusions would not be impacted.

Finally, the analysis of the effect of including NSRs was 
mainly limited to the impact on statistical signal detection; 
no attempt was made to establish whether there is any effect 
on subsequent phases of signal management including signal 
evaluation. Potential areas of further research could include 
determining whether NSRs provide more evidence to decide 
whether to validate, or not, a signal, or whether the propor-
tion of NSRs on the total number of reports for each SDR 
could be used as an additional indicator to prioritise, or not, 
the drug-reaction combination for review.

5  Conclusions

The November 2017 change in reporting rules to EV man-
dating submission of NSRs of suspected ADRs originating 
in the EEA has resulted in a substantial increase in the num-
ber of such reports received. This change has led to a small 
increase in the sensitivity of the routine statistical signal 
detection used to detect safety signals at the EMA and has 
not affected its efficiency. The number of SDRs per ADR 
detected and the median number of reports contributing to 
each SDR have remained constant.

Some new SDRs were detected when NSRs were included 
in the calculations and some SDRs were eliminated. The 
characteristics of these discordant SDRs were different both 
with respect to the profile of the adverse event and with 
respect to the products. These changes, even if impacting 
only a small proportion of SDRs, require long-term monitor-
ing and careful scientific evaluation to understand whether 
there is any impact on the type of statistical signal detected 
and any implications for methods and processes used. How-
ever, at the current time and based on these results, it is not 
considered necessary to amend the current EMA practices 
in screening EV. The total proportion of NSRs is likely to 
increase over time and further monitoring of their impact 
will be required.
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