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Abstract
Introduction The European Risk Management Plan (EU-RMP) is a proactive planning tool for identification, characterisa-
tion and management of important risks and missing information throughout the lifecycle of a medicinal product. Over the 
past 15 years the EU-RMP has been a part of the pharmacovigilance practice in Europe, but there are no published studies 
assessing impact of the growing experience and evolving regulatory framework on the content and focus of the EU-RMP.
Objectives The objectives were to study the real-world impact of evolving pharmacovigilance guidelines on the proactive 
lifecycle management of important risks and missing information through EU-RMPs, and to further explore the impact of 
different resources on the management of the benefit-risk profile.
Methods A retrospective study based on the review of 64 EU-RMPs dated between 01 January 2006 and 01 October 2020 for 
seven human medicinal products for which Boehringer Ingelheim holds the Marketing Authorisation in the European Union. 
Data on the timing and rational behind changes (i.e., inclusion, reclassification, removal) to the safety concerns (Important 
Identified Risks, Important Potential Risks, Missing Information) and associated additional Pharmacovigilance activities 
and/or Risk Minimisation measures were collected and assessed.
Results The analysed EU-RMPs included a total of 197 safety concerns, 129 of which were removed and 19 were reclassified 
during the observation period. The implementation of the Guidelines on Good Pharmacovigilance Practices Module V in 
2012 and Revision 2 in 2017 resulted in a noticeable decrease in the number of safety concerns. Clinical trial, non-clinical 
and routine post-marketing data were common sources that influenced the safety concern dynamics, and results from dedi-
cated post-authorisation studies lead to the removal of 21 important risks and missing information. Many safety concerns 
were related to pharmacological class effect (n = 55) and target population characteristics (n = 37).
Conclusions This study demonstrated that the growing knowledge regarding benefit-risk of approved products and the 
introduction of new or revised regulatory guidelines influenced the EU-RMP lifecycle of safety concerns, and moreover, the 
results emphasise that exchange of knowledge about the pharmacological class and target population between stakeholders 
are important for keeping an up-to-date understanding of a medicinal product’s safety profile. The aim of improving the 
efficiency of risk management has leveraged the accumulation of knowledge leading to revision of regulatory guidelines and 
increasingly, proactive Risk Management Plans focused on safety concerns that are important for patients and public health.
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1 Introduction

The European Risk Management Plan (EU-RMP) became 
mandatory for all innovative medicinal products or upon 
request by the European Medicine Agency (EMA) in 2005 

Key Points 

Changing regulatory definitions of safety concerns has 
had a key role in determining the focus of the Risk Man-
agement Plans.

The implementation of regulatory guidelines has led to 
consistent trends/patterns across different therapeutic 
areas.

http://crossmark.crossref.org/dialog/?doi=10.1007/s40290-021-00414-8&domain=pdf


34 J. E. J. Holm et al.

being an adverse event, including topics from the Undesirable 
Effects section of the Summary of Product Characteristics 
(SmPC) from 2005 to 2012 [3], to an untoward occurrence 
that is likely to be included in the contraindications or warn-
ings and precautions section of the product information (from 
2012 to 2017) [7]. The risk classification was further revised 
with the introduction of the GVP Module V Revision 2 in 
March 2017 to SCs having an important clinical outcome 
and usually warranting additional PV activities and/or RM 
measures as a part of the RMP [10]. Revision 2 also included 
details on how to manage changes (i.e., inclusion, reclassi-
fication or removal) to SCs listed in the RMP as the safety 
profile is further refined throughout the product’s lifecycle. 
According to GVP Revision 2 principles (Box 2), the number 
of SCs in the EU-RMP is expected to decrease over time as 
risks become well-characterised and effectively managed via 
routine clinical practice, and neither additional PV activities 
nor RM measures continue to be warranted. Furthermore, as 
learnt from the Harmonisation of RMP Project (HaRP), and in 
agreement with Revision 2, mature products may have RMPs 
with “empty” important risks and missing information (MI) 
sections since all proposed SCs are well-managed with routine 
activities or measures [11]. There are also recent examples 
of approved EU-RMPs from the initial filing that have no 
safety concerns, showing that the updated guidelines have led 
to more precise considerations among industry stakeholders 
during initial EU-RMP compilation whether there are safety 
concerns relevant for patient and public health [12].

In general, the regulatory changes were introduced with 
the intention of making the EU-RMP more fit for its purpose 
as a proactive planning tool for the management of important 
risks. However, there are no published data that have evalu-
ated the impact of new or revised regulatory requirements 
and their influence on lifecycle dynamics of SCs in the EU-
RMPs in a real-world setting. Thus, it is not evident to what 
extent different stakeholders have adapted their approaches 
to comply with the regulatory changes. Did the number of 
SCs change following the implementation of new or revised 
regulation, e.g., was there a decrease in the number of SCs for 
mature products after 2017? Has the willingness among stake-
holders to remove resolved SCs shifted along with the evolv-
ing regulations and, if so, was the removal of SCs primary 
prompted by Health Authorities (HAs) or proactively initi-
ated by the MAHs? Furthermore, the EU-RMP is a dynamic 
document requiring a revision at any time point during post-
authorisation with the learning about the safety profile rel-
evant to the benefit risk. However, it is also not clear to what 
extent knowledge gained from various sources, such as routine 
post-marketing surveillance or dedicated post-authorisation 
studies, have contributed to the gradually increased under-
standing of the product safety profile.

Therefore, we reviewed the lifecycle of EU-RMP safety 
concerns in the context of the evolving European PV 

[1, 2] and was first described in a guideline [3, 4] that was 
later incorporated into Volume 9A of The Rules Govern-
ing Medicinal Products in the European Union—Guidelines 
on Pharmacovigilance for Medicinal Products for Human 
Use (Volume 9A) in 2008 [5]. Since 2012 and the imple-
mentation of the Guidelines on Good Pharmacovigilance 
Practices (GVP), the EU-RMP is an obligatory part of the 
market authorisation application dossier in the EU for any 
medicinal products [6, 7].

In this context, it is acknowledged that medicinal products 
are authorised in the EU on the basis that the benefit-risk 
profile is judged to be favourable for the target population. 
However, it is recognised that at the time of authorisation 
the information on the safety profile is limited and that some 
risks may only be identified during the post-authorisation 
phase. Consequently, to ensure the safe use of the medici-
nal products throughout the lifecycle of a marketed prod-
uct, Marketing Authorisation Holders (MAHs) are obliged 
to have systems in place that facilitate risk identification, 
characterisation, and minimisation. MAHs are required to 
submit the description of the Risk Management System 
(RMS) in the form of a Risk Management Plan (RMP) for all 
medicinal products authorised in the EU [7]. The role of the 
RMP as a tool for risk management has evolved in parallel 
with updated regulatory guidelines reflecting the increased 
experience among stakeholders that is within the competent 
authorities in the EU as well as the MAHs.

The RMP is primarily a proactive planning tool with focus 
on the management of important risks throughout the prod-
uct’s lifecycle with the aim to ensure that the benefits of a 
particular medicinal product exceed the risks by the greatest 
achievable margin. In principle, the EU-RMP consists of three 
parts: (i) The safety specification summarises what the MAH 
knows about the product safety profile at a defined time point 
with focus on safety concerns (SCs) (Box 1) that require fur-
ther characterisation or risk minimisation activities. (ii) The 
pharmacovigilance (PV) plan that describes what activities a 
MAH needs to perform in order to increase knowledge of the 
SCs associated with the medicine. (iii) The risk minimisation 
(RM) plan presents what a MAH needs to do to minimise the 
risks associated with the medicinal product.

Routine PV activities (e.g., the collection, assessment and 
reporting of spontaneous reports of adverse reactions) [6] 
and routine RM measures (e.g., information on the product 
labelling and the legal status of a medicine) are mandatory 
for all medicinal products. For some safety topics it may be 
necessary to perform additional PV activities [8] (e.g., post-
authorisation safety studies [PASS]) or additional RM meas-
ures [9] (e.g., educational material for healthcare professionals 
and patients) to balance the benefits versus the risks.

The classification of important risks relevant for inclu-
sion in the RMP has undergone re-evaluation with time from 
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regulatory landscape for a selection of human medicinal 
products for which Boehringer Ingelheim holds the Market-
ing Authorisation (MA) in the EU with the aim to continue 
to ensure that the EU-RMPs are fit for purpose to support the 
management of the benefit-risk profile for medicinal products.

1.1  Box 1. Definitions of EU‑RMP safety concerns 
extracted from the Good Pharmacovigilance 
Practices (GVP) Module V* [6] and the GVP 
Module V Revision 2** [10]

Identified risk: “An untoward occurrence for which there is suf-
ficient evidence of an association with the medicinal product of 
interest” *

Potential risk: “An untoward occurrence for which there is some 
basis for suspicion of an association with the medicinal product 
of interest but where this association has not been confirmed” *

Missing information: “Gaps in knowledge about the safety for 
a medicinal product for certain anticipated utilisations or for 
use in a particular patient population, which could be clinically 
significant” *, **

Important risk: “An identified risk or potential risk that could 
have an impact on the risk-benefit balance of the product or have 
implications for public health” *, **

*GVP Module V
**GVP Module V Revision 2

1.2  Box 2. Extracted statements on important 
risks to be included in the Risk 
Management Plan (RMP) from the Good 
Pharmacovigilance Practices (GVP) Module V 
Revision 2 Guideline [10]

(1) “ …. where the risk is fully characterised and appropriately 
managed, important identified risks may be removed from the 
safety specification…” 

(2) “…From the identified risks and potential risks …. the RMP 
should address only the risks that are undesirable clinical out-
comes...”

(3) “…An important identified risk to be included in the RMP 
would usually warrant further evaluation as a part of the phar-
macovigilance plan, or risk minimisation activities”

(4) “…Important potential risks can be removed from the RMP 
when accumulating scientific and clinical data do not support 
the initial supposition or when the impact of the potential risk 
is less than anticipated resulting in the potential risk not being 
considered important”

(5) “Important potential risks included in the RMP would usually 
require further evaluation as part of the pharmacovigilance 
plan”

(6) “...the classification as missing information might not be 
appropriate anymore once new data become available…”

(7) “...the RMP should focus on those risks that are relevant for 
the risk management activities for the authorised product”

2  Methods

2.1  Study Design

A retrospective study that was based on the qualitative 
review of data extracted from EU-RMPs approved between 
01 January 2006 and 01 October 2020 for seven human 
medicinal products (Table 1) authorised in the EU, by Cen-
trally Authorised Procedure (CAP) or Mutual Recognition 
Procedure (MRP), for which Boehringer Ingelheim (hereaf-
ter referred to as the MAH) holds the Market Authorisation 
(MA) in the EU. These products either had an initial EU-
RMP submitted to the European Medicines Agency (EMA), 
or for MRP to a National Competent Agency (NCA), as a 
part of the Market Authorisation Application (MAA) dos-
sier (Products C, D, E, F and G) or in the post-authorisation 
phase (Product A and Product B). Other product selection 
requirement was that the product should have received a 
favourable opinion from the Committee for Medicinal Prod-
ucts for Human Use (CHMP) on the renewal of the initial 
MA. The purpose of the study was to obtain an overview of 
patterns across different therapeutic areas, hence an upper 
limit of ≤ 2 products from the same therapeutic area (as 
defined by Medical Subjects Headings [MeSH]) was applied 
to ensure a diverse representation). The RMP versions were 
classified according to the date of the report, which meant 
that in this study ongoing variations were classified accord-
ing to the legislation applicable as of the date of the report.

2.2  Data Sources and Collection

For each analysed medicinal product, the first EU-RMP 
version submitted to the EMA or an NCA (hereafter both 
will be referred to as Health Authority [HA]), along with all 
subsequently HA-approved EU-RMP versions up until study 
Data Lock Point (DLP) (01 October 2020), were retrieved 
from an internal business intelligence (BI) document man-
agement system. All data on the product-specific SCs 
throughout the period covered by this study were extracted 
from the EU-RMPs as described in Table 2.

2.3  Data Analysis

All figures and graphs were created using Microsoft Excel 
Office version 16. For Products A and B, single-product lin-
ear regressions (Fig. 1a–b) were plotted using the absolute 
numbers of different SCs (Important Identified Risk [IIR], 
Important Potential Risk [IPR], Important1 Missing Informa-
tion [MI], Total = IIR + IPR + MI) per EU-RMP. Plotting 

1 GVP V Revision 2 replaced the concept of “Important” Miss-
ing Information by Missing Information. In the following it is only 
referred to Missing Information (MI).
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using the absolute numbers better visualises the dynamic 
development and trends during the first phase of EU-RMPs 
(2005–2012).

The combined absolute number of SCs for Products C 
to G that were included and/or removed during different 

periods of the product lifecycle was visualised using a ver-
tical, clustered bar chart (Fig. 2). In Fig. 2, each individual 
SC was counted only once as per product EU-RMP lifecycle 
even if it was reclassified between different categories (IIR, 
IPR or MI) of SCs.

Table 1  Medicinal Products and EU-RMPs included in the study

CAP Centrally Authorised Procedure, EU European Union, MA Market Authorisation, MRP Mutual Recognition Procedure, NCA National Com-
petent Authority, NCE New Chemical Entity
a Product B EU-RMP versions 2.0 to 4.0 could not be electronically retrieved and thus were excluded from this study

Product name Rare disease Type of product Year of MA valid in the 
EU for first authorised 
indication and type of 
procedure

Year for the renewal of 
the initial MA in the EU

Initial EU-
RMP: year of 
report

Total number of HA-
approved EU-RMP 
versions

Product A No NCE 2002 (MRP) Prior to the study time-
frame

2007 9

Product B No NCE 1997 (CAP) Prior to the study time-
frame

2006 6a

Product C No NCE 2011 (CAP) 2016 2010 10
Product D No NCE 2014 (CAP) 2018 2013 11
Product E No NCE 2013 (CAP) 2018 2012 5
Product F No NCE 2014 (CAP) 2019 2013 6
Product G Yes NCE 2015 (CAP) 2019 2015 10

Table 2  Data extraction methodology for different EU-RMP formats

EU-RMP European Risk Management Plan, IIR important identified risk, IPR important potential risk, MI missing information, PV pharma-
covigilance, RM risk minimisation
a EU-RMPs dated from July 2012 to October 2020 following the guidance on the format of the risk management plan (RMP) in the EU [6, 10, 
18]
b EU-RMPs dated between 2005 to 2012 following to the “Guideline on Risk Management Systems for Medicinal Products for Human Use” [3] 
and Annex C: TEMPLATE FOR EU RISK MANAGEMENT PLAN (EU-RMP) [3, 4]
c “EMEA/192632/2006, Annex C: EU-RMP Template” [4] was not available at the time of submission of Product B EU-RMP version 1.0 (Feb-
ruary 2006) and hence, Product B EU-RMP version 1.0 was prepared in a different format

Type of information Location of the information in 
EU-RMP format  Aa

Location of the information in 
EU-RMP format  Bb

Location of the information in EU-
RMP format  Cc

Safety concerns (IIR, IPR, MI) RMP part II, module SVIII “Sum-
mary of the safety concerns”

RMP Section 1. Safety Speci-
fication: Subsection 1.10 
“Summary – Ongoing safety 
concerns”

RMP Section 2 Safety Specification 
Subsections: “Summary on Pre-
clinical Safety” and “Summary of 
Clinical Safety”

Sources associated with the inclu-
sion, removal and reclassifica-
tion of the safety concerns

RMP part II, module SVII “Iden-
tified and potential risks”

RMP Section 1 Safety Specifica-
tion: Subsection 1.5.1 “Newly 
identified safety concerns” and 
Subsection

1.5.2 “Details of important identi-
fied and potential risks”

RMP Section 2 Safety Specification 
Sub-sections: “Summary on Pre-
clinical Safety” and “Summary of 
Clinical Safety”

Routine and additional PV activi-
ties

RMP part III “Pharmacovigilance 
plan (including post-authorisa-
tion safety studies)”

RMP Section 2 “Pharmacovigi-
lance Plan”

RMP Section 3 “Pharmacovigi-
lance plan”

Routine and additional RM 
measures

V “Risk minimisation measures 
(including evaluation of the 
effectiveness of risk minimisa-
tion activities)”

RMP Section 5. “Risk Minimisa-
tion Plan”

RMP Section 5 “The Risk Minimi-
sation Action Plan”
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The EU-RMP lifecycle development for Products C to 
G, were co-plotted to allow for an effective comparison and 
identification of trends. In this case, to avoid that patterns 
gets washed out by the absolute numeric differences between 
Product C to G, the absolute numbers of SCs (IIR, IPR, MI, 
Total = IIR + IPR + MI) per EU-RMP were scaled between 
0 to 1 using min-max normalisation (Eq. 1) before being 
co-plotted using linear regression (Fig. 3a–d). The number 
of SCs in the plotted linear regressions represent the cumula-
tive number of product-specific SCs classified as either an 
IIR, IPR or MI at the indicated time point.

The combined absolute number of IIR, IPR and MI topics 
for Products A to G that were associated with aPV activities 
or aRM measures was visualised using a vertical, clustered 
bar chart (Fig. 4a, b). In Fig. 4a, b, each individual SC was 
counted only once as per its initial SC category (IIR, IPR, 
MI) even if the SC was reclassified to another category.

In Fig. 5a–c, the current absolute number of unique IIR, 
IPR and MI for each analysed medicinal product in the lat-
est HA-approved EU-RMP per product (A–G) as of study 
DLP (right y-axis) was co-visualised as a bar plot together 
with the number of SCs with PASS as a dot plot (left y-axis).

zi = rescaled value to between 1 to 0, xi = original value 
(the absolute number of safety concerns), min(x) = mini-
mum value of x, max(x) = maximum value of x.

Based on the information provided in the EU-RMP Safety 
Specification, sources of information and reasons that had 

(1)zi =
xi −min (x)

max (x) −min (x)
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Fig. 1  Evolution of Product A and Product B EU-RMP SCs between 
2006 and 2020 The y-axis shows the absolute number of product spe-
cific SCs (i.e., IIR, IPR, MI, total = IIR+IPR+MI) included in the 
first submitted EU-RMP and all subsequently HA-approved EU-
RMPs for the indicated (Product A or Product B) medicinal product. 
The x-axis shows the EU-RMP date of report (Month/Year) and the 
corresponding EU-RMP version. Vertical black dotted lines illustrate 

the implementation date of a new or revised regulatory guidelines on 
Risk Management Systems. a. Product A: EU-RMP SCs from 2007 
to 2020. b. Product B: EU-RMP SCs from 2006 to 2020. EU-RMP 
European Risk Management Plan, HA health authority, IIR important 
identified risk, IPR important potential risk, MI missing information, 
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an impact on the evolution of EU-RMP SCs, in terms of 
their inclusion, removal or reclassification, were categorised 
into 7 classes (Box 3). In this analysis, each specific SC and 
related action (inclusion, removal, or reclassification) could 
be associated with one or multiple classes. The IIRs sec-
tion in early EU-RMPs (versions 1.0 to 4.0) for Product A 
reflected all undesirable effects included in section 4.8 of the 
EU SmPC, with no further details given on the rationale for 
their respective inclusion, re-classification and/or removal. 
On this basis, the IIRs for Product A were excluded from the 

analysis of sources and reasons associated with the evolution 
of SCs (Fig. 6a–f). To visualise the proportion of SCs whose 
inclusion, removal and reclassification in the EU-RMP was 
based on different categories of information that formed the 
rationale for the inclusion, removal and reclassification of 
in the EU-RMP, the total absolute number of individual IIR, 
IPR and MI topics for Products A to G per category were 
plotted using bar charts (Fig. 6a–c). Pie charts (Fig. 6d–f) 
were used to visualise the percentage of SCs associated with 
certain indicated characteristics.
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Fig. 3  Evolution of the number of SCs for five medicinal products 
in the context of the introduction of GVP Module V Revision 2. The 
y-axis shows the min-max normalised (0 [min] to 1 [max]) number 
of product-specific SCs (i.e., IIR, IPR, MI, Total = IIR+IPR+MI) 
included in the first submitted EU-RMPs and in all subsequently 
approved EU-RMPs for the indicated medicinal products (Products C, 
D, E, F and G) between 2010 to 2020. The x-axis shows the period 
(Month/Year) for the reviewed EU-RMPs date of reports. The black 
dotted square illustrates the operational period for the GVP Mod-

ule V Revision 2 Guideline on Risk Management Systems. a Total 
(IIR +  IPR + MI) number of EU-RMP SCs per product over time; 
b number of EU-RMP IPRs per product over time; c number of EU-
RMP MI topics per product over time; d number of EU-RMP IIRs 
per product over time. EU-RMP European Risk Management Plan, 
GVP Guidelines on Good Pharmacovigilance Practices, HA health 
authority, IIR important identified risk, IPR important potential risk, 
MI missing information, PV pharmacovigilance, RM risk minimisa-
tion, SCs safety concerns
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SCs. Figure shows the absolute number of European Risk Manage-
ment Plans (EU-RMPs) SCs (i.e., IIR, IPR and MI) with additional 
(a) Pharmacovigilance (PV) activities, such as PASS, for Products 
A, B, C, D, E, F, and G any time point between 2006 and 2020, and 
the number of SCs (i.e., IIR, IPR and MI) whose removal or reclas-
sification were associated with results from an aPV activity. a The 
absolute number of SCs that were removed or reclassified based on 
results from at least one aPV activity compared to the total number of 
SCs with at least one aPV activity b The absolute number of SCs that 
were removed or reclassified based on results from completed aPV 
activities before or after the implementation of GVP Module V Revi-
sion 2 in 2017, respectively. aPV additional pharmacovigilance, EU-
RMP European Risk Management Plan, GVP Guidelines on Good 
Pharmacovigilance Practices, HA health authority, IIR important 
identified risk, IPR important potential risk, MI missing information, 
PASS Post-authorisation Safety Studies, PV pharmacovigilance, RM 
risk minimisation, SCs safety concerns

2.4  Box 3. Sources of information associated 
with the evolution (inclusion, removal 
or reclassification) of European Risk 
Management Plan (EU‑RMP) safety concerns*

Clinical trial data. Evidence generated from clinical trials with 
the medicinal product during development and post-authorisa-
tion (Phase I–IV)

Non-clinical trial data. Data from non-clinical studies that 
constitutes an important safety finding, e.g., toxicity, safety 
pharmacology or other toxicity-related information

Post-marketing data. Evidence generated from post-authori-
sation experience, e.g., Individual Case Safety Report (ICSR) 
and literature (excluding data from clinical trials and additional 
pharmacovigilance activities)

Regulation. Introduction of new or revised European Phar-
macovigilance Legislations, Regulations and/or Regulatory 
Guidelines

Class effect. A risk which is common to the pharmacological 
class.

Target population. Risk factors associated with disease population 
characteristics such as comorbidities and concomitant medications.

PASS. Post-authorisation safety study irrespective of the design (inter-
ventional/non-interventional) included in the EU-RMP as an additional 
pharmacovigilance activity linked to a safety concern in the RMP

*Based on the information provided in the EU-RMP Section: 
Safety Specification

3  Results

The 64 reviewed EU-RMPs included a total of 197 unique SCs 
(including 70 IIRs, 78 IPRs, and 49 MI Topics) 129 of which 
were removed from their respective EU-RMPs, while 19 SCs 
were reclassified either from an IPR to an IIR (n = 15) or from 
MI to an IPR (n = 4) during the period covered by this review.

Of the seven medicinal products, five had an EU-RMP 
included in the MAA dossier in line with the applicable 
regulatory requirements, and two had the initial EU-RMP 
submitted in the post-authorisation phase. The initial EU-
RMPs for the each included medicinal product were dated 
between 2006 to 2014.

3.1  Evolving Regulations have Resulted in Variance 
in Risk Presentation for Mature Products

To investigate whether the introduction of regulations have 
affected the number of EU-RMP SCs, we first studied the 
evolution of the SCs for the two products with the long-
est Market Authorisation (MA), Products A and B whose 
first EU-RMPs were submitted post-authorisation (Fig. 1a, 
b). Product A was authorised in European Member States 
via MRP in 2002 and its first EU-RMP was submitted in 
2007, having a total of nine HA-approved EU-RMPs as of 01 

October 2020 (Table 1). From the first submitted EU-RMP 
in 2007 to the EU-RMP version 4.0 in 2011, the number of 
IIRs ranged between 30 and 39 (Fig. 1a) reflecting all unde-
sirable effects included in Section 4.8 of the Product A’s EU 
SmPC effective at the specified time points. The introduction 
of the GVP Module V in 2012 resulted in the demotion of 
all the IIRs for Product A as they did not fulfil the criteria as 
per this guideline [6]. After an initial decrease from 15 to 11 
between 2007 and 2008, IPRs for Product A showed a stable 
development from 2008 until 2019. After which seven IPRs 
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were removed in accordance with the principles outlined in 
GVP Module V Revision 2 [10].

Product B was authorised for use via CAP in 1997 and 
the first EU-RMP was submitted in 2006 in conjunction with 
the approval for use in an additional indication. For Prod-
uct B, the period from 2006 to 2012 was characterised by 
a high degree of variability with the inclusion of new SCs 
as well as the removal, re-addition and re-classification of 
multiple SCs (Fig. 1b). This was followed by a period of 

stable development in the number of important risks. Fol-
lowing, the approval of RMP version 11.0 in 2019, one IIR 
and seven IPRs were removed to align with GVP Module V 
Revision 2. Furthermore, one IIR and one IPR were included 
in the RMP in 2019 based on new safety data from post-
marketing data.

The first EU-RMP for Product A did not include any MI 
topics but four topics were added between 2013 to 2015 
following the approval for use in a new indication. One MI 
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Fig. 5  EU-RMPs SCs with ongoing or planned aPV activities. Data 
were obtained from the latest HA-approved EU-RMPs as of 01 Octo-
ber 2020 for each of the seven studied medicinal products. a The left 
y-axis shows the absolute number of SCs included in the EU-RMP 
for per indicated medicinal product (x-axis) and the sum of the SCs 
(i.e., IIR, IPR, MI) for all 7 studied medicinal products. Above each 
column are dots (right y-axis) representing the total number of SCs 
per product with ongoing or planned additional (a) PV activities or 
(a) RM measures (red); b The percentage of the total number of EU-
RMP SCs with ongoing or planned aPV activities or aRM measures 

(YES) versus SCs having no ongoing or planned additional PV or 
RM activities (NO); c The absolute number of EU-RMP SCs per risk 
category (i.e., IIR, IPR, MI) with ongoing or planned aPV activities. 
aPV additional pharmacovigilance, EU-RMP European Risk Man-
agement Plan, GVP Guidelines on Good Pharmacovigilance Prac-
tices, HA health authority, IIR important identified risk, IPR impor-
tant potential risk, MI missing information, PASS Post-authorisation 
Safety Studies, PV pharmacovigilance, RM risk management, SCs 
safety concerns
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was related to obligations outlined in the paediatric investi-
gation plan (PIP) encompassing the new indication and was 
removed once those commitments had been fulfilled. The 
first EU-RMP for Product B submitted in 2006 included two 
MI topics and following re-evaluations to align with updated 
regulatory guidelines, they were first re-classified to IPRs 
in 2008 and 2009, respectively, and then finally removed 

from the EU-RMP in 2013 and 2019. In summary, these 
data showed that alignment with new or revised regulatory 
guidelines resulted in periodic variance in the risk presenta-
tion for the most mature products.
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sources (categories defined in Box  3) influencing the lifecycle evo-
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of each unique SC. a The x-axis shows the total number of unique 
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number of SCs whose inclusion in the EU-RMP was associated with 
evidence from the specified source category (y-axis); b The x-axis 
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from the EU-RMP was based on data from the indicated source cat-
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3.2  The Introduction of GVP Module V Revision 2 
Resulted in a General Decrease in the Number 
of EU‑RMP Safety Concerns

Next, we analysed the lifecycle evolution of SCs for the five 
more-recent products (Products C, D, E, F and G) with an 
initial EU-RMP submitted as a part of the MAA dossier 
(Fig. 2 and Fig. 3a–d). Figure 2 presents the number of SCs 
that were included or removed during the various stages of 
the product lifecycles. The majority (n = 50) of the SCs for 
these five products were included in the initially submitted 
RMP, while 36 SCs were included in the first HA-approved 
EU-RMPs as a results of the MAA evaluation process. Addi-
tionally, 14 SCs were added as an effect of new safety find-
ings post-authorisation. Although, some (n = 9) SCs were 
removed from the EU-RMPs prior to the implementation 
of the GVP Module V Revision 2 in 2017, the implementa-
tion of this revision was followed by the removal of a larger 
number of SCs (n = 34).

The lifecycle evolution of the number of SCs is presented 
in Fig. 3a–d. Amongst the five products, three (Products C, 
D and E) saw an overall decrease in the number of SCs fol-
lowing the introduction of the GVP Module V Revision 2 
in 2017. Product F had a stable development in the number 
of IPRs and MI from 2015 to 2020, whereas the number of 
IIRs increased in 2019. This increase in the number of IIRs 
was also observed for Product G, i.e., same active substance 
as in Product F but in a different indication in 2019 reflect-
ing a new SC applicable for both products despite the dif-
ferent target population. Otherwise, for Product G one IPR 
was removed between 2016 to 2020 in conjunction with the 
renewal process to reflect that accumulated data did not sup-
port the initial categorisation. Furthermore, in 2018 one MI 
for Product G was removed to reflect the results from new 
safety data from a post-authorisation study and another MI 
was added in 2020 following the EMA approval for use in a 
new target population.

Following the authorisation of Product D in 2014, the 
number of SCs remained stable until 2016 when the number 
of IPRs for Product D varied due to parallel submissions of 
multiple EU-RMPs related to different variation processes. 
The total number of SCs for Product D, mainly IPRs and MI, 
decreased after 2016 and the availability of safety data from 
one large cardiovascular outcome trial. The renewal proce-
dure in 2018 resulted in the removal of multiple IIRs and MI 
to align the RMP with the Revision 2 principles. The num-
ber of important potential and identified risks for Product 
E increased during the first three years post-authorisation, 
i.e., between 2012 and 2015, which was then followed by a 
period of stability until 2017, whereas for MI, this period 
was associated with sequential decreases and increases. The 
Product E renewal procedure in 2018 resulted in a decrease 
in the number of SCs. Product C had a stable development 

in the number of important risks and MI between 2011 and 
2017, and the renewal in 2016 had no impact on the number 
of SCs. However, following the availability of safety data 
from two large cardiovascular outcome trials after 2017, 
several SCs could be removed according to the principles 
outlined in GVP Module V Revision 2.

Overall, most removals were prompted after the introduc-
tion of GVP Module V Revision 2 as shown by the general 
decrease in the number of EU-RMP safety concerns after 
2017.

3.3  Mixed Impact of Post‑authorisation Safety 
Studies (PASS)

We then examined the influence of PASS on the lifecycle 
dynamics of SCs for all seven studied products during the 
study period. In total, 50 EU-RMP SCs (seven IIRs, 27 IPRs, 
16 MI) were associated with additional (a)PV activities 
such as PASS, whereas less than half (n = 23) of these SCs 
were removed or reclassified based on the result from PASS 
(Fig. 4a). Among the 23 aforementioned important risks and 
MI, 12 were removed or reclassified prior to the implementa-
tion of Revision 2 in 2017 (Fig. 4b). For the SCs associated 
with PASS, 16 had a PASS initiated prior to the introduction 
of the GVP Module VIII guidelines on post-authorisation 
studies in 2012 [8]. For IPRs, the outcome of aPV activi-
ties lead to the removal or reclassification of eight impor-
tant potential risks. In contrast, almost all the aPV activities 
(13 of 16) associated with MI topics resulted in removal or 
reclassification. Overall, seven IIRs needed aPV activities 
while only the removal of two IIRs was related to the out-
come of aPV activities. While dedicated post-authorisation 
studies have supported the characterisation of some SCs they 
did not have an impact on the risk presentation of many SCs.

3.4  Preceding Guidelines are Still Having 
an Influence on the Risk Presentation of Many 
EU‑RMP Safety Concerns

Subsequently, we studied the number and characteristics of 
the SCs included in the latest HA-approved EU-RMP for 
each of the seven medicinal products as of 01 October 2020 
(Fig. 5a). The two products, Products F and G, for which no 
decrease was observed after 2017 (Fig 3a–d) had the highest 
number of SCs (n = 20 and n = 18, respectively). The oldest 
products, Products A and B, both had five SCs, which is a 
significant decrease compared to the highest observed num-
ber of SCs for the respective products (n = 50 and n = 21) 
during the study period (Fig. 1a, b). Of the seven products, 
Product C had the lowest number of SCs (n = 3). The total 
number of IIRs and MI included in the EU-RMP for Product 
D had decreased from the maximum 18 to only 8. A similar 
trend was observed for Product E for which the number of 
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SCs had decreased from a maximum of 17 to 8. None of the 
current 68 SCs needed any aRM measures (Fig. 5b), 13% 
(n = 9) were associated with an ongoing or planned aPV 
activity, whereas 87% (n = 59) did only require routine PV 
activities. Among the seven medicinal products just two, 
Products D and G, had SCs (n = 8 and n = 1, respectively) 
that required aPV activities 3 of which were associated with 
IIRs, four with IPRs and two with MI topics (Fig. 5c). Thus, 
while stakeholders have begun to implement the changes 
introduced by Revision 2, many SCs are still influenced by 
previous applicable guidelines.

3.5  Diverse Sources Influence Dynamics of EU‑RMP 
Safety Concerns

Finally, one assessed how the knowledge gained from vari-
ous sources (Box 3) has contributed to the characterisation 
of the safety profile (Fig. 6a–c). The sources of information 
that prompted the inclusion of SCs (Fig. 6a) were clinical 
trial data (n = 40), post-marketing data (n = 24) and non-
clinical data (n = 9). Furthermore, the inclusion of 55 IIRs 
and MI was related to available data on the pharmacologi-
cal class effect and 37 SCs were included based on target 
population characteristics. Information that triggered the 
removal (Fig. 6b) of SCs was derived from post-marketing 
data (n = 40), clinical trial data (n = 30) and PASS (n = 21). 
The most frequent sources associated with the reclassifica-
tion of SCs were post-marketing data and clinical trial data, 
which influenced 15 and 11 reclassifications, respectively 
(Fig. 6c). Additionally, data from PASS formed the basis of 
the reclassification of one MI to IPR and one IPR to IIRs. In 
summary, diverse sources of data contributed to the increas-
ing knowledge of the safety profile during the various stages 
of the lifecycle for marketed medicinal products.

The results also showed that the introduction of the new 
GVP Module V in 2012, as well as the revision in 2017, had 
an impact on the removal of 45 SCs. Note that the intro-
duction of the GVP Module V in 2012 also prompted the 
removal of 37 identified risks for Product B (Fig. 1b) not 
included in Fig. 6b. The implementation of new or revised 
regulations (Volume 9A in 2008 and the GVP Module V in 
2012) had an impact on the reclassification of six IPRs to 
IIRs and three MI to IPRs. Of the reclassified safety con-
cerns, 47% (seven IPRs to IIRs and two MI to IPRs) were 
related to pharmacological class effect and/or target popula-
tion characteristics (Fig. 6d).

3.6  Feedback During Assessment of the Market 
Authorisation Application

The last step was to assess whether the process to update 
(i.e., inclusion, removal, or re-classification) the risk pres-
entations was prompted by HAs or by BI. HAs prompted the 

removal of 49 % (n = 45) of the SCs, whereas BI proactively 
proposed the removal of 51 % (n = 46) SCs (Fig. 6e). Feed-
back from HA during the assessment of the MA applica-
tion dossier, resulted in the inclusion of 34 new SCs to the 
EU-RMPs. Of these SCs, 50 % (2 IIRs, 10 IPRs and 5 MI) 
were associated with pharmacological class effect and/or 
target population characteristics (Fig. 6f). Thus, the results 
showed that BI and HAs played an equal role in propos-
ing the removal of important risks and MI topics, whereas 
HAs made a larger contribution to the inclusion of SCs, 
in particular those associated with class effect and target 
population.

4  Discussion

The past 15 years and the experience with the RMP as a 
proactive tool to minimise the impact of risks on patients, 
have had a profound impact on risk management, and ulti-
mately on the safe use of marketed medicinal products by 
supporting the management of the benefit-risk profile for the 
respective products.

Evidently, the success of risk management relies upon 
having a comprehensive understanding of the evolving prod-
uct’s safety profile and a focus on safety topics that need to 
be further characterised or mitigated. In this study, seven 
human medicinal products from the MAH were reviewed to 
better understand ways to best improve the risk management 
for medicinal products.

The early EU-RMPs (2005–2009) prior to obligatory 
EU-RMPs, were characterised by the high degree of vari-
ability in the classification of risks, which was reflected in 
the evolution of the number of SCs (Fig. 1a, b). The less 
harmonised approach continued from 2009 to 2012 when 
the RMPs were prepared in accordance with the definitions 
outlined in Volume 9A. This may be a consequence of the 
limited experience among all involved stakeholders on the 
one hand in conjunction with the aspiration of transparency, 
diverse interpretations, and disharmonised classification of 
the safety topics on the other. Unfortunately, the inclusion 
of many SCs in RMPs in the early years of RMP require-
ments diluted the focus on the SCs that required proactive 
risk management in order to protect patients and the public 
health. The GVP Module V, which became operational in 
2012, included changes in the definitions of risks: An impor-
tant risk shifted from simply being an adverse event to an 
untoward occurrence considering the impact on the indi-
vidual and seriousness of the risk. Thus, conceptual changes 
resulted in moving away from equating topics included in the 
undesirable effect section of the SmPC as risks and aiming 
at a clinically meaningful list of SCs. The impact of this 
conceptual change was reflected in the decrease and subse-
quent stabilisation in the number of SCs for Product A and 
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Product B after 2012. Furthermore, a general decrease in the 
number of SCs was observed in the analysed EU-RMPs after 
the implementation of GVP Module V Revision 2 in 2017 
(Fig. 3a–d) leading to removal of well-characterised and 
appropriately managed risks as the RMPs were revised to 
focus on unresolved risks with a clinically meaningful out-
come. The two more recently approved products, Products 
F and G, did not follow this trend, which can be attributed to 
addition of new indications and the risks in the new patient 
populations not being fully evaluated. However, it is evident 
that the implementation of new and/or revised guidelines did 
result in a change in the number of important risks and MI 
topics with a general trend downwards.

Revision 2 of GVP Module V mandated that only impor-
tant risks and MI requiring an aPV activity or aRM measure 
should be included as SCs in the EU-RMP. However, most 
of the SCs included in the latest HA-approved EU-RMPs 
at study DLP were not associated with aPV activities and 
none required aRM measures. While in some EU RMPs, the 
Revision 2 philosophy has been followed, others continue to 
list SCs despite them not fulfilling the criteria for inclusion. 
This reluctance among stakeholders to remove resolved SCs 
implies that previous guidelines are still having an influence 
on the risk presentation. This reaffirms the benefit of clear 
and unambiguous guidelines on how to manage previously 
included SCs where no future data are expected from post-
authorisation studies.

Although clinical trial data as well as non-clinical 
data were the most common sources for pre-authorisation 
included SCs, diverse sources of information, including 
post-authorisation studies and information from the mar-
ket, influenced the SC dynamics throughout the lifecycle 
of the medicinal products. This further emphasises that risk 
management is an iterative process that requires a continu-
ous and effective utilisation of all available data sources and 
regular assessment. Furthermore, in summary 49 % of the 
risk removals were prompted by HA, while 51 % were proac-
tively initiated by BI, which demonstrates that both HAs and 
companies are moving forward with the revision of safety 
concerns in RMPs. Moreover, the evidence presented sup-
ports that companies should be successful in proactively pro-
posing and removing risks based on a mutual understanding 
of the scope and purpose of RMPs by the HAs and MAHs. 
The removal of some important risks and MI was the result 
of dedicated post-authorisation studies. However, not all 
post-authorisation studies resulted in the removal or reclas-
sification of SCs. It also became clear that post-authorisation 
safety studies, which were initiated before the introduction 
of the GVP Module VIII on post-authorisation safety stud-
ies in 2012 [8], had a lower impact on the classification of 
important risks and MI. This further indicates the impor-
tance of a careful and appropriate study design, supported 

by clear guidance, to achieve the required quality and useful-
ness of post-authorisation safety studies [13].

The significant increase in the number of SCs between the 
first submitted and first HA-approved EU-RMP (Fig. 3a–d) 
prompted us to look for common features. Strikingly, more 
than half of these IIRs and MI topics were associated with 
pharmacological class effect and/or target population char-
acteristics, emphasising that familiarity with class effect 
and the target population is important for understanding 
the safety profile. Another interesting observation was that 
most of these risks were added in response to feedback from 
HAs. Considering that HAs have access to broader data sets, 
these observations emphasise the importance of a continu-
ous and close cooperation between HAs and applicants or 
holders of a marketing authorisation. One way to increase 
the collaborative efforts could be the establishment of a digi-
tal database of SCs for authorised products, which would 
help stakeholders to align on new safety data findings and 
facilitate the assessment of SCs. One step in this direction is 
the Harmonisation of RMP project (HaRP), which seeks to 
harmonise RMPs for the same active substances, launched 
by the Working Party on PV Procedures Work Sharing in 
2018 [11].

Furthermore, the management of SCs is influenced by 
the complexity in the global regulatory environment, which 
has resulted in local RMPs,  that follow different regulatory 
requirements compared to GVP Module V Revision 2, with 
SCs deviating from the EU-RMP and territory-specific addi-
tional pharmacovigilance activities and risk minimisation 
measures. This complexity is exemplified by the variation 
in the definition of risks between different regulatory safety 
documents [14–16]. To overcome this issue, members of 
the pharmaceutical industry have proposed a framework to 
support the documentation and presentation of risks across 
relevant safety documents throughout the product lifecycle 
[17]. Some companies use so-called core-RMPs correspond-
ing to additional internal safety documents, e.g., the Com-
pany Core Safety Sheet, to manage SCs globally.

A more comprehensive global regulatory frameworks 
would help stakeholders to navigate through the diversity 
of regulatory approaches on risk identification, characteri-
sation, evaluation, and minimisation, resulting in a benefit 
for patient safety.

This study demonstrates how cumulative knowledge 
regarding the safety profile and more stringent guidelines 
have changed the risk presentation in a sample of EU-RMPs 
over the past 15 years. The evidence presented supports that 
evolution of regulatory guidelines and updates to RMPs are 
more focused on safety concerns that require investment in 
pharmacovigilance activities and risk minimisation in order 
to protect patients and public health. Potential bias and lim-
itations are acknowledged since only medicinal products 
from one MAH have been included. The reviewed products 
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and their EU-RMPs represent only a small sample size 
and are restricted to small molecules. Hence, it cannot be 
excluded that a larger sample size, the inclusion of biological 
products or different target populations would have resulted 
in a change to the observed characteristics. Positively, the 
study covered EU-RMPs published over a period of 15 years 
(2006 to 2020) and a diverse spectrum of therapeutic areas 
including orphan diseases and mass diseases. Despite the 
study’s limitations, the results provide valuable information 
and a basis for discussions of proactive risk management 
strategies between stakeholders, and on how to appropriately 
address patient and health care system-related matters.

5  Conclusions

In summary, this study revealed how diverse sources of 
data, including non-clinical data, clinical trial data, post-
marketing experience, and familiarity with the class effect, 
contribute to the increasing knowledge of the safety profile 
and subsequently to the presentation of risks in EU-RMPs 
during the lifecycle of medicinal products. Additionally, 
our data showed how revised PV regulations have impacted 
RMPs through encouragement to continuously re-evaluate 
SCs and maintain an RMP that is fit-for-purpose based on 
the understanding of the benefit-risk profile of the product. 
This study also provided evidence that stakeholders have 
moved from an initial heterogenous approach towards an 
evidence-based evaluation of risks as their increased experi-
ence was reflected in the evolving regulatory environment. 
This emphasises the importance of clear and unambigu-
ous guidelines for a harmonised scientific approach on risk 
classification and management. While both the HA and the 
MAH are moving forward with the revision of SCs presented 
in EU-RMPs according to Revision 2, preceding guidelines 
are still having an impact on many SCs. Moreover, this 
exercise highlighted the importance of close collaboration 
between regulators and industry to facilitate exchange of 
learnings and to take full advantage of all available sources 
of data throughout the product’s lifecycle. On this basis, we 
postulate that strong and harmonised regulatory guidelines 
covering the product lifecycle, along with continuous coop-
eration between stakeholders, are important for ensuring fit-
for-purpose proactive risk management and thus, ultimately 
for protecting patient safety worldwide.
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