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Abstract
Introduction Additional risk minimisation measures (aRMMs) may be required to minimise important risks of medicines. 
aRMMs may be required at the time of authorisation, but may also be introduced or discontinued during the product life 
cycle as new safety information arises. The aim of this study is to describe post-authorisation introductions of new aRMMs 
and discontinuations of existing aRMMs for medicines authorised in the European Union (EU).
Methods We performed a retrospective cohort study that included all new active substances authorised through the EU cen-
tralised procedure between January 1st 2006 and December 31st 2017. Data was extracted from European Public Assessment 
Reports available on the website of the European Medicines Agency (ema.europa.eu). Medicines were followed up from 
the date of marketing authorisation (MA) until first introduction or discontinuation of aRMMs, excluding Direct Healthcare 
Professional Communications (DHPCs), withdrawal/suspension/revocation of the MA, or July 1st 2018, when data extrac-
tion took place. Descriptive statistics were used to analyse frequency data, and survival analysis was used to calculate 5- and 
10-year probability of introduction or discontinuation of aRMMs.
Results A total of 476 medicines were authorised during the study period. The probability of getting aRMMs after authorisa-
tion for products authorised without aRMMs was 3.5% [95% confidence interval (CI) 1.2–5.7] within 5 years after authori-
sation and 6.9% (95% CI 2.6–11) within 10 years after authorisation. For products authorised with aRMMs, the probability 
of discontinuation of aRMMs was 0.9% (95% CI 0–2.6) within 5 years and 8.3% (95% CI 0–16.1) within 10 years after 
authorisation.
Conclusions We found low probabilities of introduction and discontinuation of aRMMs (excluding DHPCs) during the 
product life cycle for medicines authorised between 2006 and 2017. The low rate of discontinuation may potentially be due 
to a lack of robust data on effectiveness of aRMMs. Further research is needed to get more insight into the dynamics of 
aRMMs during the medicine life cycle.
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Key Points 

Medicines authorised between 2006 and 2017 without 
additional risk minimisation measures (aRMMs) have a 
low probability that aRMMs will be introduced within 5 
and 10 years after authorisation, and medicines author-
ised with aRMMs during that period have a low prob-
ability that aRMMs will be discontinued.

Post-authorisation introduction of aRMMs is most often 
triggered by new safety information arising from sponta-
neous reports or clinical trials.

The role of effectiveness evaluation of aRMMs in the life 
cycle management of medicines is currently unclear.
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1 Introduction

The European Union Risk Management Plan (EU-RMP) 
has become an integral tool in the proactive life cycle 
management of medicinal products and facilitates identi-
fication, characterisation, monitoring, and minimisation 
of risks. The EU-RMP first became a mandatory part of 
the authorisation dossier of innovative medicinal products 
authorised in the European Union (EU) in November 2005, 
and became mandatory for all medicinal products in 2012 
[1, 2]. The EU-RMP consists of three key components: the 
safety specification, the pharmacovigilance plan and the risk 
minimisation plan [3]. The safety specification describes the 
safety data available for the medicinal product, with focus 
on those safety concerns that require further activities post-
authorisation. These safety concerns are listed as important 
identified risks, important potential risks and missing infor-
mation. The pharmacovigilance plan describes the methods 
used to monitor and/or further characterise the important 
risks described in the safety specification. The risk minimi-
sation plan describes the measures to minimise the impor-
tant risks [3].

Routine risk minimisation measures are in place for all 
medicinal products, for example, the Summary of Product 
Characteristics (SPC), Patient Information Leaflet, pack 
design, and prescription status. However, some medicinal 
products may be associated with important risks that may 
not be sufficiently minimised by these routine measures 
alone. Additional risk minimisation measures (aRMMs) 
may be needed to ensure that the benefits of these products 
outweigh their risks. Types of aRMMs include educational 
materials that provide information to healthcare profession-
als and/or patients regarding risks on top of the information 
in the SPC; controlled access, in which prescription or dis-
pensing of a medicinal product is conditional on fulfilling 
certain criteria (i.e. following a training programme or per-
forming certain diagnostic testing); controlled distribution, 
in which all stages of the product distribution are tracked; 
and pregnancy prevention programmes, which may include 
one or more of the measures described above [3, 4]. aRMMs 
are conditions to the marketing authorisation (MA) and are 
therefore listed in annex IID of the MA, “Conditions and 
restrictions with regard to the safe and effective use of the 
product”.

A need for aRMMs is assessed at the time of the authori-
sation. Studies have shown that, between 2006 and 2015, the 
proportion of products with aRMMs at the time of authori-
sation ranged from 26 to 42% [5–8]. However, risk man-
agement is an iterative process that is continuously applied 
throughout the product life cycle. New information regard-
ing risks may become available post-authorisation, requir-
ing introduction of new aRMMs or strengthening of already 

existing aRMMs. Conversely, new information regarding 
risks post-authorisation may also allow for the reduction 
or discontinuation of existing aRMMs. Currently, there are 
no published data on post-authorisation changes to aRMMs 
for products authorised in Europe, which translates to an 
important deficit in our knowledge regarding the life cycle 
management of medicinal products.

The aim of this study is to describe post-authorisation 
introductions and discontinuations of aRMMs for medicinal 
products authorised in the EU.

2  Methods

2.1  Study Design

We performed a retrospective cohort study that included all 
new active substances authorised through the centralised 
procedure between January 1st 2006 and December 31st 
2017. Medicinal products included in our study were fol-
lowed up from the date of MA until the first occurrence of an 
introduction or discontinuation of aRMMs, withdrawal, sus-
pension, or revocation of the MA, or the date of data extrac-
tion (July 1st 2018), whichever came first. One or more types 
of aRMM can be introduced or discontinued simultaneously.

2.2  Data Sources and Setting

We extracted all centrally authorised medicines from the 
website of the European Medicines Agency (EMA) on 
www.ema.europ a.eu. We excluded non-innovator applica-
tions, such as generic applications, as they have an EU-RMP 
aligned with the reference product. EMA publishes Euro-
pean Public Assessment Reports (EPARs) for all products 
authorised through the centralised procedure. We extracted 
data from the following EPARs: the “EPAR—Public assess-
ment report”, the “EPAR—Product information”, and the 
“EPAR—Procedural steps taken and scientific information 
after authorisation”. The “EPAR—Public assessment report” 
is the summary of the initial assessment of the MA appli-
cation and includes a summary of the RMP at the time of 
authorisation. The “EPAR—Product information” includes 
the most up-to-date product information with the annexes of 
the MA. The “EPAR—Procedural steps taken and scientific 
information after authorisation” is a log of all variations to 
the MA, i.e. any changes in the administrative information 
(such as transfers of the MA), changes in the manufactur-
ing process, and changes in the benefit–risk profile of the 
product.

http://www.ema.europa.eu
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2.3  Study Outcomes

Our main outcome was either the first introduction of 
aRMM(s) for medicines without aRMMs at the time of 
authorisation or the first discontinuation of at least one 
of the aRMMs for medicines with aRMMs at the time of 
authorisation.

We identified products with post-authorisation introduc-
tion or discontinuation of aRMMs in two ways to ensure 
completeness. First, for all products included in the study, 
the “EPAR—Public assessment report” was reviewed 
to identify whether aRMMs were in place at the time of 
MA and the “EPAR—Product information” was reviewed 
to identify whether aRMMs were in place at the time of 
data extraction. A discrepancy between these two EPARs 
was regarded as a change (considered an introduction if the 
aRMM was not in the initial RMP, but present in annex IID, 
and a discontinuation if vice versa). Secondly, for all prod-
ucts included in the study, we reviewed the “EPAR—Proce-
dural steps taken and scientific information after authorisa-
tion”. All regulatory procedures that included amendments 
to annex II of the MA were screened to identify whether 
aRMMs were introduced or discontinued.

We also used the “EPAR—Procedural steps taken and 
scientific information after authorisation” to identify the 
regulatory procedure in which the introduction or discon-
tinuation occurred and find the corresponding EPAR.

2.4  Covariates

The following information was extracted from the EPARs 
for all products included in our study: active substance, 
Anatomical Therapeutic Chemical (ATC) classification first 
level, date and type of MA, authorisation status (author-
ised, suspended, withdrawn), orphan designation (yes/no), 
aRMMs at the time of MA (yes/no), aRMMs at the time of 
data extraction (yes/no), and type of aRMMs.

Categorisation of the type of aRMM was based on the 
current definitions as laid down in the “Good pharmacovigi-
lance practices (GVP)” (module XVI rev 2) guidelines of 
the EMA, as described in Table 1 [4, 5]. Direct Healthcare 
Professional Communications (DHPCs) were not included 
in our study, as these are generally not included in annex IID 
of the MA and could not be systematically collected from 
the website of the EMA. One product can have one or more 
types of aRMM. Educational materials targeting healthcare 
professionals and educational materials targeting patients 
and/or caregivers were counted as different categories of 
aRMMs.

The type of MA was categorised as regular MA, condi-
tional MA, or MA under exceptional circumstances [1, 9].

For products with introduction or discontinuation of 
aRMMs, we extracted the following information from the 
EPAR of the corresponding regulatory procedure: the date 
of the amendment, the risk addressed with aRMMs, cat-
egorisation of the risk in the EU-RMP, and the sources of 
the evidence that formed the basis for the introduction or 
discontinuation of the aRMM.

Categorisation of risks in the EU-RMP was based on the 
current definitions as laid down in GVP module V rev 2, 
i.e. important identified risks, important potential risks, and 
areas of missing information [3]. We categorised sources of 
evidence that formed the bases for the variation to the MA 
as non-clinical studies, clinical trials, observational studies, 
and spontaneous reports. We also assessed whether aRMMs 
were imposed on medicines following EU referral proce-
dures, i.e. (urgent) reviews of the benefit–risk balance of 
a medicine or class of medicines due to quality, safety, or 
efficacy issues.

2.5  Data Analysis

Descriptive statistics were used to provide frequency data. 
We used Pearson’s χ2 test or Fisher’s exact test to investigate 

Table 1  Definition of additional risk minimisation measures as laid down in GVP module XVI rev 2 [4]

Additional risk minimisation measures

Educational programmes Educational programmes are based on targeted communication with the aim to supplement the infor-
mation in the Summary of Product Characteristics and Patient Information Leaflet. Any educational 
material should focus on actionable goals and should provide clear and concise messages describing 
actions to be taken in order to prevent and minimise selected risks

Educational materials can be aimed toward healthcare professionals and/or patients/caregivers
Controlled access programme A controlled access programme consists of interventions seeking to control access to a medicinal prod-

uct beyond the level of control ensured by routine risk minimisation measures, i.e. the legal status
Controlled distribution system A controlled distribution system refers to the set of measures implemented to ensure that the stages 

of the distribution chain of a medicinal product are tracked up to the prescription and/or pharmacy 
dispensing the product

Pregnancy prevention programme A pregnancy prevention programme is a set of interventions aimed at minimising pregnancy exposure 
during treatment with a medicinal product with known or potential teratogenic effects
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differences in categorical covariates between products with 
and without introduction or discontinuation of aRMMs.

To account for the time needed to accumulate sufficient 
data as justification for an introduction or discontinuation, 
we calculated the probability of introduction or discontinu-
ation of aRMMs within 5 and 10 years after authorisation, 
using Kaplan–Meier survival analysis. The cut-offs of 5 
and 10 years are of particular interest, since MAs in the EU 
have initial duration of 5 years, after which the MA may be 
renewed with unlimited validity following a re-examination 
of the benefit–risk balance. Additionally, 10 years is the 
duration of market protection for innovative medicines.

All analyses were conducted using Microsoft Excel and 
R version 3-6-1.

3  Results

We identified 476 medicinal products authorised during 
the study period (January 2006–December 2017), with a 
total of 32.514 months of follow-up. The median follow-up 
time was 60 months (range 8–150). The characteristics of 
the products included in the study are presented in Table 2. 
Of the 476 products, 91% were granted regular MA, 4% 
were granted conditional MA, and 5% were granted MA 
under exceptional circumstances; 18% were intended 
for treatment of an orphan disease. Of the 476 products, 
27% concerned “Antineoplastic and immunomodulatory 
agents”, 19% concerned “Antiinfectives for systemic use”, 
and 12% concerned medicines targeting the “Alimentary 
tract and metabolism”. aRMMs were required at the time 
of authorisation for 27% (n = 130) of the products. For all 
130 products with aRMMs at the time of authorisation, the 
aRMMs included the provision of educational materials 
targeted at healthcare professionals in 94% and at patients 
in 55%. For 14% (n = 18) of the products with aRMMs, 
other measures were required in addition to the educa-
tional materials. This included two products that had con-
trolled distribution and a pregnancy prevention programme 
(ambrisentan, pomalidomide) and one product that had 
controlled access and a pregnancy prevention programme 
(sitaxentan sodium). At the time of data collection (July 
2018), 91% of the products were still authorised, 9% of 
the products had been withdrawn, and for one product, 
the MA had been suspended (autologous cultured chon-
drocytes). Medicines with aRMMs at the time of MA had 
an orphan designation more often than medicines without 
aRMMs at the time of MA. There were no other significant 
differences in product characteristics between medicines 
authorised without and with aRMMs.

During the study period, aRMMs were introduced for 14 
of 346 products authorised without aRMMs. All 14 aRMMs 
introduced post-authorisation included the provision of 

educational materials, which were aimed at healthcare pro-
fessionals in 12 products (86%) and at patients or caregivers 
in seven (50%). For two products [gadoversetamide and split 
influenza virus inactivated, containing antigen equivalent to 
A/California/07/2009 (H1N1)-derived strain used NYMC 
X-179A], controlled distribution systems were introduced in 
addition to the educational materials. Among the 14 medi-
cines for which aRMMs were introduced post-authorisation, 
one (antithrombin alfa) was authorised under exceptional 
circumstances and one (velaglucerase alfa) was intended 
for the treatment of an orphan disease. For the 14 medi-
cines where aRMMs were introduced post-authorisation, 
five (36%) targeted “Blood and blood forming organs”, 
three (21%) were “Antiinfectives for systemic use”, and two 
(14%) targeted the “Musculoskeletal system”. The remain-
ing four belonged to the ATC groups “Alimentary tract 
and metabolism”, “Antineoplastic and immunomodulatory 
agents”, “Nervous system”, and “Various”. Of the 14 medi-
cines with introduction of aRMMs post-authorisation, 11 
were still authorised and three [gadoversetamide, ferumoxy-
tol, and split influenza virus inactivated, containing antigen 
equivalent to A/California/07/2009 (H1N1)-derived strain 
used NYMC X-179A] were voluntarily withdrawn from the 
market at the time of data collection (July 2018) (Table 2).

aRMMs were discontinued for four of 130 medicines 
authorised with aRMMs during the study period. The prod-
ucts for which aRMMs were discontinued post-authorisation 
all had regular MA, and none had an orphan designation. 
The four medicines for which aRMMs were discontinued 
post-authorisation belonged to the ATC groups “Blood and 
blood forming organs”, “Antiinfectives for systemic use”, 
“Respiratory system”, and “Various”. All aRMMs were dis-
continued for these four products. The discontinued aRMMs 
involved educational materials targeted at healthcare pro-
fessionals for all four medicines and educational materials 
targeted at patients/caregivers for two medicines. All four 
medicines for which aRMMs were discontinued post-author-
isation were still authorised at the time of data collection 
(Table 2).

The median follow-up time for medicines for which 
aRMMs were introduced post-authorisation was 43 months 
(range 17–137 months), and the median follow-up time 
for medicines for which aRMMs were discontinued was 
90 months (range 25–96 months) (Table 2). The probability 
of introduction of aRMMs post-authorisation for medicines 
without aRMM at authorisation was 3.5% [95% confidence 
interval (CI) 1.2–5.7] within 5 years after authorisation and 
6.9% (95% CI 2.6–11) within 10 years after authorisation. 
For medicines with aRMMs at authorisation, the probabil-
ity of discontinuation of aRMMs was 0.9% (95% CI 0–2.6) 
within 5 years and 8.3% (95% CI 0–16.1) within 10 years 
after authorisation (Figs. 1 and 2).
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Table 3 describes the safety concerns and sources of evi-
dence for the medicines for which aRMMs were introduced 
or discontinued. The aRMMs of the 14 products introduced 
post-authorisation addressed 21 safety concerns (median 
1, range 1–3), of which 57% involved important identified 
risks, 38% important potential risks, and 5% missing infor-
mation. The data sources that triggered the introduction of 
aRMMs post-authorisation concerned spontaneous reports 
(64%), post-authorisation clinical trials (50%), observa-
tional studies (21%), and non-clinical studies (14%). These 
percentages do not add up to 100% since multiple sources 

of evidence could form the basis for the introduction of 
aRMMs post-authorisation. aRMMs were imposed on gado-
versetamide following an EU review of the benefit–risk bal-
ance (referral) of gadolinium-containing contrast agents in 
light of the risk of nephrogenic systemic fibrosis.

The aRMMs of the four products that were discontinued 
post-authorisation addressed ten safety concerns (median 2, 
range 1–5), of which 40% involved important identified risks, 
40% important potential risks, and 20% missing information. 
For the discontinuation of aRMMs, the sources of evidence 
were a non-clinical study (25%) and an observational study 

Table 2  Characteristics of products authorised with and without aRMMs

aRMMs additional risk minimisation measures, ATC  Anatomical Therapeutic Chemical, HCP healthcare professionals, MA marketing authorisa-
tion
*At time of data collection (1 July 2018)
**Statistically significant difference between products without aRMMs at approval and products with aRMMs at approval

Total Products with-
out aRMMs at 
approval

Products with 
introduced 
aRMMs

Products with 
aRMMs at 
approval

Products with 
discontinued 
aRMMs

Number of products 476 346 14 130 4
Median follow-up time in months (range) 60 (8–150) 58 (8–150) 43 (17–137) 65 (8–150) 90 (25–96)
Type of MA (N, %)
Regular MA 431 (91) 320 (92) 13 (93) 111 (85) 4 (100)
Conditional MA 20 (4) 12 (3) 0 8 (6) 0
MA under exceptional circumstances 25 (5) 14 (4) 1 (7) 11 (8) 0
Orphan designation** (yes) (N, %) 86 (18) 54 (16) 1 (7) 32 (25) 0
ATC group (N, %)
Alimentary tract and metabolism (A) 57 (12) 47 (14) 1 (7) 10 (8) 0
Blood and blood forming organs (B) 38 (8) 25 (7) 5 (36) 13 (10) 1 (25)
Cardiovascular system (C) 25 (5) 15 (4) 0 10 (8) 0
Dermatologicals (D) 7 (1) 5 (1) 0 2 (2) 0
Genitourinary tract (G) 15 (3) 12 (3) 0 3 (2) 0
Hormones for systemic use (H) 6 (1) 5 (1) 0 1 (1) 0
Antiinfectives for systemic use (J) 91 (19) 77 (22) 3 (21) 14 (11) 1 (25)
Antineoplastic and immunomodulatory agents (L) 129 (27) 82 (24) 1 (7) 47 (36) 0
Musculoskeletal system (M) 13 (3) 9 (3) 2 (14) 4 (3) 0
Nervous system (N) 37 (8) 29 (8) 1 (7) 8 (6) 0
Antiparasitic drugs (P) 1 (0.2) 0 0 1 (1) 0
Respiratory system (R) 16 (3) 13 (4) 0 3 (2) 1 (25)
Sensory organs (S) 16 (3) 10 (3) 0 6 (5) 0
Various (V) 25 (5) 17 (5) 1 (7) 8 (6) 1 (25)
Type of aRMMs (N, %)
Educational materials for HCP 12 (86) 122 (94) 4 (100)
Educational materials for patients/caregivers 7 (50) 72 (55) 2 (50)
Controlled access 0 7 (5) 0
Controlled distribution 2 (14) 6 (5) 0
Pregnancy prevention programme 0 8 (6) 0
Authorisation status* (N, %)
Authorised 433 (91) 316 (91) 11 (79) 117 (90) 4 (100)
Suspended 1 (0.2) 1 (0.3) 0 0 0
Withdrawn 42 (9) 29 (8) 3 (21) 13 (10) 0
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(25%). The observational study was a multi-database drug-
utilisation study for indacaterol maleate, which was author-
ised only for use in chronic obstructive pulmonary disease, 
and had aRMMs to reduce the risks associated with off-label 
use in asthma; the authors concluded that there was little 
to no off-label use of indacaterol in the EU [10]. The data 
sources could not be identified in two products (50%).

4  Discussion

The aim of our study was to describe discontinuations and 
introductions of aRMMs post-authorisation for centrally 
authorised medicinal products in the EU. We assessed the 
probability of post-authorisation introduction or discontinu-
ation of aRMMs, rather than proportions, to account for the 
time required to accumulate sufficient data as justification 
for an introduction or discontinuation. During the study 
period, the probability of post-authorisation introduction of 
aRMMs was 3.5% (95% CI 1.2–5.7) within 5 years and 6.9% 

(95% CI 2.6–11) within 10 years after authorisation, while 
the probability of discontinuation of aRMMs was 0.9% (95% 
CI 0–2.6) within 5 years and 8.3% (95% CI 0–16.1) within 
10 years after authorisation.

The probability of introduction of aRMMs within 5 and 
10 years in our study is low. Besides introduction of aRMMs, 
regulatory action for safety issues emerging post-authorisa-
tion may include further investigation/monitoring, changes 
to routine risk minimisation measures, or suspension/revoca-
tion of the MA. Studies have shown that the vast majority of 
important post-authorisation safety issues are either inves-
tigated further or monitored, or are sufficiently minimised 
through routine risk minimisation measures [11]. Moreo-
ver, the probability of introduction of aRMMs within 5 and 
10 years post-authorisation found in our study is lower than 
the probability of safety-related DHPC post-authorisation in 
a study that investigated whether the probability of DHPCs 
increased with increasing level of innovation of medicines 
[12]. DHPCs are listed as a type of aRMM in GVP module 
XVI rev 2, but differ from the aRMMs investigated in our 

Fig. 1  Kaplan–Meier estimate 
for post-authorisation intro-
duction of aRMMs. aRMMs 
additional risk minimisation 
measures

Fig. 2  Kaplan–Meier estimate 
for post-authorisation discon-
tinuation of aRMMs. aRMMs 
additional risk minimisation 
measures
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Table 3  Safety concerns involved in post-authorisation amendments to aRMMs

Type of amendment Product concerned Safety concern description Source of evidence Follow-
up time 
(months)

Introduction ATryn©, Laboratoire Francais du Frac-
tionnement et des Biotechnologies, 
France (antithrombin alfa)

Off-label use Spontaneous reports 137

Rotarix©, GlaxoSmithKline Biologicals 
S.A., Belgium (human rotavirus, live 
attenuated)

Administration error (accidental paren-
teral instead of oral)

Spontaneous reports 63

Cubicin©, Merck Sharp & Dohme B.V., 
The Netherlands (daptomycin)

Skeletal muscle toxicity Clinical trials
Non-clinical studies

118
Reduced susceptibility in Staphylococcus 

aureus
Optimark©, Mallinckrodt Deutschland 

GmbH, France (gadoversetamide)
Nephrogenic systemic fibrosis Clinical trials

Non-clinical studies
Spontaneous reports

37

Vectibix©, Amgen Europe B.V., The 
Netherlands (panitumumab)

Lack of response and negative effects 
in combination with oxaliplatin-based 
chemotherapy in patients with mutant 
KRAS tumours

Clinical trials 40

Evicel©, Omrix Biopharmaceuticals N.V., 
Belgium (human fibrinogen/human 
thrombin)

Air or gas embolism Spontaneous reports 23

Effentora©, Teva B.V., The Netherlands 
(fentanyl)

Misuse, abuse and diversion Spontaneous reports 21
Use in patients who are not already 

receiving maintenance opioid therapy
Unintended (accidental) exposure

Pandemrix©, GlaxoSmithKline Biologi-
cals S.A., Belgium [split influenza virus 
inactivated, containing antigen equiva-
lent to A/California/07/2009 (H1N1)-
derived strain used NYMC X-179A]

Medical errors/misidentification of vac-
cine

Spontaneous reports 17

Coring of the rubber stopper on the 
antigen vial

Contamination of multiple-dose vials
Pradaxa©, Boehringer Ingelheim Inter-

national GmbH, Germany (dabigatran 
etexilate mesilate)

Haemorrhage Clinical trials 74

Vpriv©, Shire Pharmaceuticals Ireland 
Ltd, Ireland (velaglucerase alfa)

Infusion-related reactions Observational studies 71

Prolia©, Amgen Europe B.V., The Neth-
erlands (denosumab)

Osteonecrosis of the jaw Clinical trials
Observational studies
Spontaneous reports

60

Eliquis©, Bristol-Myers Squibb/Pfizer 
EEIG, Ireland (apixaban)

Bleeding Clinical trials 17
Severe renal or hepatic impairment
Liver injury

Xgeva©, Amgen Europe B.V., The Neth-
erlands (denosumab)

Osteonecrosis of the jaw Clinical trials
Observational studies
Spontaneous reports

46

Rienso©, Takeda Pharma A/S, Denmark 
(ferumoxytol)

Hypersensitivity Spontaneous reports 26
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study due to their one-off mode of action and broader scope 
of use. Between 1 January 1999 and 1 January 2009, 157 
DHPCs were sent out for 112 different active substances 
available in the Netherlands, and 131 DHPCs were issued 
between 1 January 2010 and 31 December 2014 in the UK. 
[13, 14].

Spontaneous reports and clinical trials were the most fre-
quent triggers for introduction of post-authorisation aRMMs 
in our study. These findings are comparable with results of 
other studies, in which spontaneous reports and post-market-
ing clinical trials are the most frequent sources of new safety 
information post-authorisation. aRMMs were imposed on 
one medicine in our study (gadoversetamide) following a 
review of the benefit–risk balance of gadolinium-containing 
contrast agents, i.e. a referral procedure. Although several 
referrals were conducted and concluded during the study 
period, these concerned medicines approved before our 
study period (such as vitamin A derivatives) or medicines 
not approved centrally (such as sodium valproate). In addi-
tion, some referrals did not lead to imposition of aRMMs, 
such as both referrals concerning sodium glucose co-trans-
porter 2 inhibitors.

The probability of discontinuation observed in our study 
is low compared to the discontinuation rates reported in 
literature for the United States Food and Drug Adminis-
tration’s (FDA) Risk Evaluation and Mitigation Strategies 
(REMS). Studies have reported discontinuation rates of 

REMS between 57 and 75%, with an average time to REMS 
discontinuation of 1.7 years [15–17]. Median time to discon-
tinuation of aRMMs in our study was 7.5 years. However, 
when comparing discontinuation rates of aRMMs in the EU 
and REMS in the USA, some key factors should be consid-
ered. First and most importantly, medication guides (paper 
handouts which may help patients avoid serious risks) were 
considered a REMS until November 2011, when the FDA 
released new guidance clarifying that medication guides 
may not always be a REMS [18]. In one study, almost all 
the discontinued REMS consisted of only a medication 
guide [15]. The high reported rate of REMS discontinuation 
may be partly explained by re-evaluation of these medica-
tion guide–only REMS. Second, the high discontinuation 
rates reported for REMS included multiple product-specific 
REMS programmes for both innovator and non-innovator 
medicines with the same active substances and REMS pro-
grammes for non-innovator medicinal products containing 
active substances with a long history of use. To avoid mul-
tiple counting of aRMMs, we excluded non-innovator medi-
cines from our study, as they are expected to follow the RMP 
of the reference innovator medicine. The discontinuation 
rate of REMS as reported in the literature is therefore not 
directly comparable to the discontinuation rate of aRMMs 
in our study. Different conclusions regarding safety between 
different regulators have been shown to lead to differences 
in frequency, timing, and content of safety communications 

aRMMs additional risk minimisation measures

Table 3  (continued)

Type of amendment Product concerned Safety concern description Source of evidence Follow-
up time 
(months)

Discontinuation Hirobriz  Breezhaler©, Novartis Europ-
harm Limited, Ireland (indacaterol 
maleate)

Off-label use Observational studies 93

Renvela©, Genzyme Europe BV, The 
Netherlands (sevelamer carbonate)

Arteriovenous fistula site adverse drug 
reactions

Unknown 96

Peritonitis

Vitamin deficiency

Revolade©, Novartis Europharm Limited, 
Ireland (eltrombopag olamine)

Hepatotoxicity Unknown, consid-
ered part of clinical 
practice

87

Thromboembolic events

Post therapy reoccurrence of thrombo-
cytopenia

Potential for increase in bone marrow 
reticulin formation

Haematological malignancies

HyQvia©, Baxalta Innovations GmbH, 
Austria (human normal immunoglobu-
lin)

Safety in pregnant and lactating women Non-clinical studies 25
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both within the EU and between the USA, Canada, and the 
UK [14, 19]. This may also impact the decision to require or 
discontinue either aRMMs or REMS. Lastly, REMS require-
ments include mandatory assessment of the effectiveness of 
the measures after 18 months, 3 years, and 7 years. In con-
trast, timelines for evaluation of effectiveness of aRMMs are 
determined on a case-by-case basis, although GVP module 
XVI rev 2 provides guidance on time points of particular 
interest, namely 1 year after implementation and 5 years 
after MA [4].

Evaluation of the effectiveness of risk minimisation pro-
grammes became mandatory with amendments to the EU’s 
pharmaceutical legislation in 2012, with updated guidelines 
highlighting the importance of evaluation of effectiveness 
of aRMMs [1]. Studies have found that effectiveness of 
aRMMs is evaluated through routine pharmacovigilance for 
more than half of the products with aRMMs [7, 20]. Recent 
reviews of studies evaluating the effectiveness of product-
specific risk minimisation measures have shown heteroge-
neous methodology and mixed study outcomes [21–23]. In 
one review of effectiveness evaluation studies, the outcome 
of effectiveness evaluations led to discontinuation of the 
aRMMs under investigation in 9% of effectiveness evalua-
tion studies. Further action such as updates to the content or 
improved distribution or follow-up assessment was required 
following half of the evaluations, and the evaluation did not 
lead to any changes in the remaining 40% [24]. However, 
these reviews concerned effectiveness evaluations in a subset 
of medicines (those intended for chronic treatment) or have 
been conducted using data available in the EU PAS register 
[21–24]. They may not provide an exhaustive overview of 
all effectiveness studies performed in the EU, since registra-
tion in the EU PAS register is only mandatory for studies 
imposed on the MA or studies that are a specific obligation 
to the MA—effectiveness evaluation studies rarely fall in 
these categories [25]. In our study, effectiveness evalua-
tion was the trigger for only one discontinuation (Hirobriz 
breezhaler). This effectiveness evaluation study was not reg-
istered in the EU PAS register.

Notably, GVP module V was updated in 2017 to empha-
sise that aRMMs may be discontinued when no longer con-
sidered necessary; thus, we expect the probability of discon-
tinuation of aRMMs to rise in the coming years [3].

Our study has limitations. First, we did not include DHPCs 
in our study as they differ substantially from the other aRMM 
modalities due their non-recurring nature and broader scope 
of use. Importantly, DHPCs are the only type of aRMM that 
are not recorded in annex IID of the MA, and information on 
issued DHPCs is not systematically reflected on the EMA 
website. Although several national competent authorities 
publish DHPCs on their websites, studies have shown incon-
sistencies between national competent authorities with regard 
to dissemination and content of DHPCs [19].

Second, our study included only centrally authorised 
products in the EU. However, due to the mandatory scope of 
the central procedure, the majority of new active substances 
approved during the study period is expected to be included 
in our study [1]. In addition, the vast majority (80–98%) of 
medicines approved through national, mutual recognition 
and decentralised procedures concern non-innovator appli-
cations such as generics: in 2018, 80–98% of the applica-
tions submitted to the Coordination Group for Mutual Rec-
ognition and Decentralised Procedures over the year 2018 
concerned non-innovator applications. We excluded non-
innovator products as their EU-RMP should be in line with 
the EU-RMP of the reference product.

Third, our study was conducted with publicly available 
data. The structure and quality of the EPARs, in particu-
lar the “EPAR—Public Assessment Report”, evolved over 
time to include more information in a standardised manner. 
Particularly for the first part of the study period, identifying 
aRMMs at the time of MA could be challenging, leading 
us to develop the two-step approach we used in this study. 
Although there is residual potential for misclassification, for 
instance, if the content of the EPARs is not updated cor-
rectly, this probability is considered to be small.

5  Conclusion

We found low probabilities of introduction and discontinu-
ation of aRMMs (excluding DHPCs) during the product life 
cycle for medicines authorised between 2006 and 2017. The 
low probability of discontinuation may be due to lack of 
robust data on effectiveness of aRMMs. Further research 
is needed to get more insight into the dynamics of aRMMs 
during the medicine life cycle.
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