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Abstract
Objectives To assess the sources of publicly available
evidence supporting withdrawal, revocation or suspension
of marketing authorisations (‘regulatory actions’) due to
safety reasons in the EU since 2012 and to investigate the
time taken since initial marketing authorisation to reach
these regulatory decisions.
Setting This investigation examined the sources of
evidence supporting 18 identified prescription medicinal
products which underwent regulatory action due to safety
reasons within the EU in the period 1 July 2012 to 31
December 2016.
Results Eighteen single or combined active substances
(‘medicinal products’) withdrawn, revoked or suspended
within the EU for safety reasons between 2012 and
2016 met the inclusion criteria. Case reports were most
commonly cited, supporting 94.4% of regulatory actions
(n=17), followed by randomised controlled trial, metaanalyses, animal and in vitro, ex vivo or in silico study
designs, each cited in 72.2% of regulatory actions (n=13).
Epidemiological study designs were least commonly cited
(n=8, 44.4%). Multiple sources of evidence contributed to
94.4% of regulatory decisions (n=17). Death was the most
common adverse drug reaction leading to regulatory action
(n=5; 27.8%), with four of these related to medication
error or overdose. Median (IQR) time taken to reach a
decision from the start of regulatory review was found to
be 204.5 days (143, 535 days) and decreased across the
study period. Duration of marketing prior to regulatory
action, from the medicinal product’s authorisation date,
increased across the period 2012–2016.
Conclusions The sources of evidence supporting
pharmacovigilance regulatory activities appear to have
changed since implementation of Directive 2010/84/EU and
Regulation (EU) No. 1235/2010. This, together with a small
improvement in regulatory efficiency, suggests progress
towards more rapid regulatory decisions based on more
robust evidence. Future research should continue to monitor
sources of evidence supporting regulatory decisions and the
time taken to reach these decisions over time.

Introduction
Due to the limitations related to external
validity and incomplete safety data from

Strengths and limitations of this study
►► This is the first study to examine the sources of

evidence supporting withdrawal, revocation or
suspension of Marketing Authorisations since
the implementation of Directive 2010/84/EU and
Regulation (EU) No. 1235/2010.
►► This study identifies trends in the time taken to
reach a regulatory decision.
►► Data are based on a small number of marketing
authorisation
withdrawals,
revocations
or
suspensions.
►► There were limited data publicly available on reasons
for regulatory decision and supporting evidence,
particularly for regulatory actions occurring in single
Member States.
►► Authorisation dates used to calculate time on the
market prior to regulatory action may not have been
accurate for all active substances.

premarketing trials, much of the evidence
regarding the safety of a medicinal product
is established in the postmarketing phase.1 2
Adverse drug reactions (ADRs) can lead to
increased morbidity, permanent, long-term
or life-changing complications requiring
hospitalisation or medical intervention and
death.3 4 An estimated 5% of all hospital
admissions and 197 000 deaths are attributable to ADRs each year in the EU; ADRs
are the fifth most common cause of death
in Europe and amount to an annual societal
cost of approximately €79 billion.5–7 In this
context, an initiative to update existing pharmacovigilance legislation was commenced;
Directive 2010/84/EU and Regulation
(EU) No. 1235/2010 were implemented in
June 2012 and further amended in October
2012.6 Two declared aims of these legislations
were ‘the collection of better data on medicines and their safety’ and ‘rapid and robust
assessment of issues related to the safety of
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of ADRs, with suggestions that less than 10% of ADRs
are reported.10 21–24 Therefore it has been suggested
that high-quality evidence is necessary to improve the
quality and efficacy of public health interventions.13 25
All previous studies of evidence supporting marketing
authorisation withdrawals from EU markets identified
spontaneous ADR reports or published case reports as
the most commonly cited evidence supporting regulatory
action due to safety issues; however, with the EU legislation change in 2012, there was the hope for more robust
evidence leading to more rapid regulatory actions. It
was expected that the results of this study would provide
evidence of a recent shift from reliance on case reports
towards the use of data from more robust study designs,
thus avoiding the limitations associated with spontaneous
reporting of ADRs.
The effectiveness of pharmacovigilance and regulatory
processes is not currently monitored using a systematic
approach. Therefore, this study is important because our
investigation of recent trends in the timelines of regulatory actions and the changes to supporting evidence may
help to inform more effective evaluation of drug safety in
future. Recognition of a change in evidence used during
reviews may allow regulators to base future evaluations
on reliable evidence, thus preventing access to harmful
medicinal products more rapidly in populations most at
risk. The results of this study may also provide insight into
current regulatory methods for manufacturers, healthcare professionals and patients, consequently enhancing
their understanding of these processes.
With the exception of the study by Onakpoya et al which
concluded in 2013, all previous studies investigating
sources of supporting evidence were completed prior to
the adoption of Directive 2010/84/EU and Regulation
(EU) No. 1235/2010 in 2012; thus, there is no study that
specifically investigates changes to the sources of evidence
supporting regulatory action in the EU market since the
implementation of this legislation.14 The objectives of this
study were to assess the sources of evidence supporting
postmarketing withdrawal, revocation suspension of
Marketing Authorisations since the adoption of Directive 2010/84/EU and Regulation (EU) No. 1235/2010
and to investigate the time taken to reach the regulatory
decision.
Methods
Individual or combined active substances (‘medicinal
products’) available on prescription whose marketing
authorisations underwent withdrawal, revocation or
suspension in all or individual EU Member States plus
Norway, Liechtenstein and Iceland for postmarketing
safety reasons between 1 July 2012 and 31 December
2016 were identified. Detailed searches of the European Medicines Agency (EMA) website and List of
Withdrawn Products, WHO publications (WHO Pharmaceuticals Newsletter and WHO Drug Information) and
national regulatory websites and newsletters of all EU
Lane S, et al. BMJ Open 2018;8:e019759. doi:10.1136/bmjopen-2017-019759

BMJ Open: first published as 10.1136/bmjopen-2017-019759 on 23 January 2018. Downloaded from http://bmjopen.bmj.com/ on 18 April 2019 by guest. Protected by copyright.

medicines.’6 If there is sufficient evidence of an unfavourable benefit-risk balance or emerging safety issue, such
assessments can result in major pharmacovigilance action
such as withdrawal, revocation or suspension of a medicinal product’s marketing authorisation (henceforth
‘regulatory action’).2 6 8 9
The sources of evidence supporting regulatory actions
have been previously studied in different regions.2 10–15
Arnaiz et al researched products withdrawn from Spanish
market from 1990 to 1999, Clarke et al explored UK and
USA withdrawals between 1999 and 2001, while Olivier
and Montastruc investigated withdrawals in France from
1998 to 2004.2 12 13 Paludetto et al examined active ingredients withdrawn from the French market in the period
2005–2011 and McNaughton et al investigated European
product withdrawals between 2002 and 2011.11 15 More
recently Alves et al studied safety alerts in USA, Canada,
the EU and Australia between 2010 and 2012, while Onakpoya et al researched product withdrawals from markets
worldwide (including EU market) in the period 1953–
2013.10 14 All of these studies concluded that spontaneous
case reports were the most frequently used evidence to
support pharmacovigilance activities, with a range of
56%–95% of identified regulatory actions being supported
by case reports or case series. Four studies reported that
4.5%–36% of regulatory actions were a consequence of
case reports alone.2 10 12 13 Other cited sources of evidence
were clinical trials, observational or epidemiological
studies, animal studies, systematic reviews and meta-analyses. Three of the most recent studies reported a higher
number of regulatory actions supported by clinical trials
compared with the earlier studies, suggesting a recent
shift towards more robust evidence supporting regulatory
actions.10 11 15 Conversely Mendes et al reported types of
evidence supporting withdrawals from EU market from
2001 to 2015 and used results of cited premarketing and
postmarketing studies to calculate number needed to
treat to be harmed, to assess the usefulness of this metric
in evaluation of benefit-risk ratios.16
Trials conducted in the premarketing phase often lack
external validity due to many factors including limited
generalisability to a medicinal product’s clinical use, small
sample sizes and limited periods of observation.17 Therefore, postmarketing reporting of ADRs during real-world
clinical use of a medicinal product is an important factor
in identifying new, rare and serious ADRs with potential to affect the benefit-risk balance of the product.10 18
These reporting systems can also provide further information for ADRs already identified but not adequately
understood. However, it is widely accepted that under-reporting of ADRs occurs in both spontaneous reporting
systems and the published literature, for reasons such
as publication bias, which impedes signal detection by
pharmacovigilance.19 20 Furthermore, while spontaneous
ADR reports are an effective method of identifying safety
signals, spontaneous reporting systems have limitations
such as lack of information on the total number of
exposed individuals (denominators) and under-reporting

Open Access

Type of study

Description

Case report

Individual case safety report or case series identified in the published medical or scientific literature
or adverse drug reactions reported spontaneously by healthcare professionals and/or patients to
national pharmacovigilance centres or the Marketing Authorisation Holder.
In vitro or in vivo studies using whole animals or animal tissue.

Animal
Observational

Non-interventional study in which the strength of association between exposure and outcome is
observed.41 Types of observational study include case-control, cohort and cross-sectional.

Case-control

Patients with suspected adverse reaction (cases) and matched controls are identified and assessed
for exposure to suspected causal agent.

Cohort

A cohort of individuals who are known to have been exposed to the causative agent are observed
prospectively for development of the outcome of interest. A second group of controls (ie, have not
received the drug of interest) may also be observed.

Cross-sectional

Observation of a defined population at a given point in time, where exposure and outcome are
defined simultaneously.

Randomised controlled
trial

An experimental or interventional study in which participants are randomly enrolled to either a
treatment or control group. Both groups are observed for the outcome of interest.

Meta-analysis or
Systematic review

A quantitative, formal, epidemiological study design in which all previous studies on a topic
that meet set eligibility criteria are identified and systematically analysed to give more precise
information regarding an outcome in comparison with any one study contributing to the pooled
data.42

In vitro, ex vivo or in silico Studies taking place in vitro or ex vivo using assays, cell lines or human tissue or in silico (ie,
computerised).
Non-placebo controlled

Uncontrolled studies or those with an active comparator used as control.

Non-randomised, open- Studies that were not randomised, blinded or those without a comparator group.
label/non-blinded or noncomparative
Other
Other (epidemiological)

Retrospective, within-subject or crossover studies.
Ecological studies43 and epidemiological studies that do not fit within the classifications above.

Member States plus Norway, Lichtenstein and Iceland
were conducted to identify eligible medicinal products.
Details of the search strategy are available as an online
supplementary appendix. Despite their extensive use in
regulatory documentation, no explicit definition of each
regulatory action was identified. ‘Withdrawal’ and ‘revocation’ appear to be interchangeable terms within regulatory documentation; we perceived these terms to mean
a complete removal of the medicinal product from the
market, with no further availability to patients. 'Suspension' was defined as access to the medicinal product by all
patients was prohibited until a change to the medicinal
product or its labelling, and therefore an improvement in
its safety, was made. Further information regarding regulatory procedures is available on the EMA website.26–29 A
‘safety reason’ was defined as an unfavourable benefit-risk
balance or evidence of a causal relationship between the
medicinal product and the cited ADR, including those
resulting from misuse and maladministration as per the
definition in good pharmacovigilance practices (GVP).29
The GVP definition of ADR was used to establish the
ADRs contributing to regulatory action.29 As misuse,
medication error and accidental overdose are possible
risk factors for potentially serious ADRs, where applicable
Lane S, et al. BMJ Open 2018;8:e019759. doi:10.1136/bmjopen-2017-019759

these terms with their resultant ADR(s) have been considered in the analyses.
All medicinal products available on prescription that
were withdrawn, revoked or suspended for safety reasons
across all EU Member States in addition to those that
underwent regulatory action in one or more individual
Member States during the time period 1 July 2012 to 31
December 2016 were considered for inclusion. Generics
and single formulations, indications or strengths that
were withdrawn, revoked or suspended during the same
period were included. The GVP definition for ‘medicinal
product’ was used.29 A medicinal product was included in
the analysis only when the final regulatory decision was
made during the 1 July 2012 to 31 December 2016 study
period; however, procedural start dates may have been
prior to this period. Vaccines and products or batches
temporarily discontinued or recalled were not included
in this study.
The EMA and individual national regulatory authorities were contacted via contact forms on their public
webpages for further information regarding five medicinal products for which there was little freely available
information regarding reasons for their withdrawal, revocation or suspension. A request was submitted for details
3
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Table 1 Study designs used to support withdrawal, revocation or suspension of medicinal products (adapted from Clarke
et al2)
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2008

1967
1982
1985
2000
1946

1980
2011
1966

Nicotinic acid/laropiprant
Dyslipidaemia

Tetrazepam
Painful contractures/spasticity

Almitrine
Respiratory failure

Cyproterone acetate 2 mg/ethinylestradiol 35 ug
Acne

Hydroxyethyl starch intravenous infusion
Hypovolaemia

Ergot derivatives
Chronic pathological cognitive and neurosensorial
impairment in elderly; visual field disturbances; acute
retinopathies (vascular)

Ketoconazole
Fungal infection

Numeta G13%E
Parenteral nutrition (preterm newborn infants)†

Metoclopramide
Nausea/vomiting; gastrointestinal motility disorders

Ephedrine hydrochloride, lidocaine and arsenous anhydride 1997
Pulp devitalisation

Methadone containing high molecular weight povidone
Opioid withdrawal

1930

47

~1960

Tolperisone
Muscle spasms/spasticity

2

33

67

13

28

31

46

5

~52

37

1975

Calcitonin
Postmenopausal osteoporosis

57

1955

Meprobamate
Anxiety

INN (n=18)
Indication(s)

Duration of
marketing prior
to regulatory
action (years)

2014

2014

2013

2013

2013

2013

2013

2013

2013

2013

2013

2012

2012

2012*

105

196

687

97

756

526

207

113

183

139

93

461

548

202

Suspension

Revocation

Revocation

Suspension

Suspension

Suspension

Suspension

Suspension

Withdrawal

Suspension

Withdrawal

Withdrawal

Withdrawal

Suspension

Year regulatory Time to reach
decision
regulatory
accomplished decision (days) Action

EU

EU

EU

EU

EU

EU

UK

France

EU

EU

EU

EU

EU

EU

Location

Continued

Misuse leading to povidone
accumulation in organs
(‘Povidone Storage Disease’),
resulting in renal failure, bone
destruction, marrow conditions
including anaemia, death

Genotoxicity

Neurological, cardiovascular

Hypermagnesaemia
(neurological, cardiovascular)

Hepatotoxicity

Ergotism, fibrosis

Renal toxicity, mortality

Thromboembolism

Peripheral neuropathy, weight
loss

Cutaneous

Cutaneous, hepatotoxicity,
gastrointestinal/intracranial
bleeds, early onset diabetes,
infection

Hypersensitivity

Cancer

Neurological, psychiatric,
pharmacodependence,
accidental overdose leading to
coma or death

ADR(s)/Reason(s) for action
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4
Year first
authorised
in EU

Table 2 Medicinal products withdrawn, revoked or suspended in the EU between July 2012 and December 2016, their duration of marketing prior to regulatory action
(years) and associated safety concern

Open Access

Earliest year of authorisation for the identified medicinal products have been used where available; in this circumstance, this is the year that the active substance or combination of substances
were first authorised anywhere within the EU.30 Where these dates were unobtainable the year of authorisation for the specific withdrawn product has been used, although the first date of
authorisation for the active substance may be earlier. Where multiple products with the same active substance were withdrawn, the earliest date was taken.
*Meprobamate was gradually withdrawn during the study period due to withdrawal symptoms occurring on abrupt stopping of treatment.
†Numeta G13%E is a parenteral nutrition product for preterm infants. Although this does not strictly meet the definition for a ‘medicinal product’ as per GVP, Numeta G13%E was included in
all analyses due to its suspension of marketing authorisation due to safety concerns.29
ADR, adverse drug reaction; GVP, good pharmacovigilance practices; INN, International Non-proprietary Name.

Hypersensitivity
EU
Revocation
155
53
Fusafungine
Upper respiratory tract infection

1963

2016

Germany; UK Respiratory depression,
potentially fatal medication
error and accidental overdose
Withdrawal
538 (Germany)
298 (UK)
67
Codeine phosphate
Cough/cold

1948

2015

Medication error leading to
death
Germany
Withdrawal
Unobtainable
15
Codeine monohydrate
Cough/cold

1999

2014

Cardiovascular
EU
Revocation
543
36
Domperidone (oral>10 mg; rectal 10 mg and 60 mg;
domperidone/cinnarizine)
Nausea/vomiting; bloating; heartburn

1978

2014

Location
Year regulatory Time to reach
decision
regulatory
accomplished decision (days) Action
Duration of
marketing prior
to regulatory
action (years)
Year first
authorised
in EU
INN (n=18)
Indication(s)

Continued
Table 2
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of evidence used to reach the regulatory decision. The
response deadline was set for 3 July 2017, after which time
the respective medicinal product would be automatically
excluded.
For each identified and eligible medicinal product, the
sources of publicly available evidence contributing to the
benefit-risk evaluation, thus supporting the withdrawal,
revocation or suspension was assessed. Sources of cited
evidence included EMA publications (Questions and
Answers, Press Releases, Assessment Reports and Scientific Conclusions), Marketing Authorisation Holders’
(MAHs’) webpages, national regulatory authorities’
webpages and publications (eg, Dear Healthcare Provider
letters), pharmaceutical newsletters and the scientific
literature. A search was carried out in PubMed using the
International Non-proprietary Name (INN) in combination with the following:
1. ‘Adverse effect,’ adverse reaction,’ ‘adverse event,’
‘side effect,’ or ‘toxicity;’
2. The specific safety concern (ADR) given as reason for
withdrawal, revocation or suspension by the EMA.
Evidence sourced from the published literature and
studies contributing to the benefit-risk evaluation and
therefore overall regulatory decision to withdraw, revoke
or suspend a medicinal product, as cited within regulatory documentation, were categorised according to study
design (table 1). Only studies reporting significance
were included. Literature published up to and including
12 months postregulatory action were included, which
accounted for a delay between the end of a study and its
publication.
Time to reach a regulatory decision was calculated
for each medicinal product, using both the first year of
authorisation within the EU and the procedural start
date; the latter is defined as the date that the regulatory
review process commenced, given in regulatory documentation and thus provided an indicator of regulatory
efficiency.
Data analysis
Frequencies and, where appropriate, proportions were
calculated for medicinal products, location of regulatory action, year of final regulatory decision, ADR given
as reason for regulatory action and study designs used in
regulatory decision-making.
Medians with IQR were calculated for the duration of
marketing and the time to reach a regulatory decision
from procedural start date. This measure was selected
due to the small number of medicinal products included
in analysis and because the median is less influenced by
extreme values compared with the mean.
An analysis of variance statistical test was used to determine any statistical difference in the time to reach a regulatory decision, when grouped by year.
SL was responsible for data acquisition and analyses.
All researchers were involved with interpretation of the
results.
5
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X

X

X

X

Calcitonin

Tolperisone

7 (38.9%)

13 (72.2%)
4 (22.2%)

8 (44.4%)

X

X

X

2 (11.1%)

6 (33.3%)

X

X

X

3 (16.7%)

10 (55.6%)

X

X

X

X

X

X

X

2 (11.1%)

2 (11.1%)

12 (66.7%)

13 (72.2%)

X

X

X

X

X

X

9 (50.0%)

13 (72.2%)

X

X

X

X

X

5 (27.8%)

13 (72.2%)

X

X

X

X

X

X

X

X

X

X

X

X

X

‘X’ denotes evidence cited by regulatory agencies +/– in scientific literature; ‘X’ denotes evidence sourced solely from the published scientific literature.
INN, International Non-proprietary Name; RCT, randomised controlled trial.

16 (88.9%)

N2 (%) cited by regulatory
agency, of total actions

X

Codeine phosphate

X

X

Codeine monohydrate

17 (94.4%)

X

Domperidone

N1 (%)

X

X

Methadone containing
high molecular weight
povidone

Fusafungine

X

X

Ephedrine hydrochloride,
lidocaine and arsenous
anhydride

X

X

X

Metoclopramide

X

X

X

X

X

Numeta G13%E

X

X

X

X

X

X

X

Ketoconazole

X

X

Ergot derivatives

X

X

X

X

X

X

X

X

X

Hydroxyethyl starch
intravenous infusion

X

X

X

X

X

X

Cyproterone acetate/
ethinylestradiol

X

X

Almitrine

X

X
X

X

RCT

X

X

Crosssectional

X

X

X

X

Observational Case-control Cohort

Metaanalysis/
In vitro/in
Systematic silico/ex
review
vivo

Tetrazepam

X

X

X

Meprobamate

Nicotinic acid/laropiprant

Case report Animal

Evidence supporting withdrawal, revocation or suspension

7 (38.9%)

9 (50.0%)

X

X

X

X

X

X

X

X

X

7 (38.9%)

12 (66.7%)

X

X

X

X

X

X

X

X

X

X

X

X

Nonrandomised/
open label
Nonor nonplacebo
blinded/noncontrolled comparative

4 (22.2%)

6 (33.3%)

X

X

X

X

X

X

Other

1 (5.6%)

4 (22.2%)

X

X

X

X

Other
(epidemiological)
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Time to reach a regulatory decision (days) from procedural start date, by year of regulatory action.

Results
Eighteen medicinal products withdrawn, revoked or
suspended within the EU between 1 July 2012 and 31
December 2016 met the inclusion criteria; these are
displayed in table 2. Three quarters (n=14, 77.8%)
of the 18 medicinal products identified underwent
regulatory action in all EU Member States in which
the medicinal product was previously authorised.
Two additional medicinal products underwent regulatory action solely in Germany, two in UK and one
was suspended in France. Of all regulatory actions that
took place between July 2012 and December 2016,
88.9% (n=16) occurred before 2015. Half of all regulatory actions occurred during 2013 (n=9, 50.0%).
It should be noted that only the second half of 2012
was included in the study period, therefore a perhaps
smaller than expected number of actions occurred
during 2012. Overall suspension of marketing authorisation was the most common regulatory action during
the study period (n=8, 44.4%), followed by withdrawal (n=6, 33.3%). The remaining four actions were
described as revocation of marketing authorisation
(22.2%). An additional five withdrawals, revocations
or suspensions in individual Member States were identified for the 2012–2016 period; however, information
regarding these actions was unavailable or unobtainable in the public domain. The appropriate regulatory
authorities were contacted via their public webpage
for additional information. A response was received
from the Portuguese authority, Infarmed, regarding a
Diclofenac Sodium product (Painex), stating that this
was suspended following the MAH’s non-submission of
Lane S, et al. BMJ Open 2018;8:e019759. doi:10.1136/bmjopen-2017-019759

relevant variations to product information following
a PRAC review in 2013, therefore not due to a safety
reason (personal communication from Infarmed,
2017). The four remaining medicinal products underwent regulatory action in either France or Germany;
however, no further information was provided by the
respective regulatory agencies before the response
deadline. All five regulatory actions were therefore
excluded from the analyses, as it was not possible to
identify whether the inclusion criteria of withdrawal,
revocation or suspension of marketing authorisation
due to a safety reason could be met.
Sources of supporting evidence
Table 3 describes the study designs of evidence
supporting the regulatory action for each of the 18
identified medicinal products. The most commonly
cited source of evidence was spontaneous ADR report
or published case report, contributing to 17 (94.4%)
of the 18 identified withdrawals, suspensions and revocations. The withdrawal of one medicinal product
(5.6%) was based solely on spontaneous case reports,
whereas just one of the regulatory actions (nicotinic
acid/laropiprant; n=1, 5.6%) did not possess spontaneous or published case reports cited as supporting
evidence. The remaining 16 regulatory actions were
evidenced by spontaneous or published case reports
plus at least two additional sources of evidence. Each
of these regulatory actions had case reports cited as
supporting evidence in EMA or the specific regulatory
body’s documentation (88.9% of total actions; 94.1%
of all actions based on spontaneous or published case
7
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Figure 1

Open Access

reports). The study designs least frequently cited both
by regulatory agencies and in the scientific literature were epidemiological in nature; cross-sectional
studies contributed to 2 of the 18 regulatory actions
(11.1%) and were cited in the regulatory reports only,
whereas other (epidemiological) studies (ie, ecological studies and those that do not fit within the epidemiological classifications provided in table 1) were the
least frequently cited study design used as supporting
evidence by regulators. Indeed, epidemiological
study designs altogether were not commonly found
to be supporting evidence in the identified regulatory
actions, contributing to just eight (44.4%) regulatory decisions. Interestingly just 1 of the 13 regulatory actions with randomised controlled trials (RCTs)
sourced from the published literature (5.6% of total
regulatory actions) did not have this study design cited
by the regulator.
Adverse reactions given as reason for regulatory action
Fatalities were reported in 5 of the 18 regulatory actions
(27.8%; table 2), suggesting death was the most common
ADR contributing to regulatory decisions in these medicinal products. Four of these actions were related to
medication error, accidental overdose or misuse of the
substance. Cardiovascular and haematological events
and neurological events were the second most commonly
provided reasons for regulatory action, each contributing
to 4 of the 18 actions (22.2%). It should be noted that
the identified medicinal products containing codeine
8

phosphate were withdrawn following the restriction of
use of codeine in the treatment of cough and cold in
children.31
Time to reach a regulatory decision
There was a modest, non-significant decrease
(P=0.8711) in time between the procedural start date
and final regulatory decision (in days) across the study
period (figure 1). The year 2013 saw the medicinal
product with the longest time to reach a regulatory
decision (ketoconazole; n=756 days; procedural start
date 1 July 2011), as well as the shortest (nicotinic
acid/laropiprant; n=93 days; procedural start date
20 December 2012). Across the whole time period
studied, the median (IQR) time to reach a regulatory
decision was 204.5 days (143, 535 days). A procedural
start date for codeine monohydrate was not available;
therefore, time to reach a regulatory decision for this
medicinal product was excluded from this analysis.
Two codeine phosphate products underwent regulatory action in individual Member States in 2015, both
with a different procedural start date; both have been
included in this analysis and thus two measures can be
seen for the year 2015 in figure 1. For the purpose of
this analysis, meprobamate was considered withdrawn
in 2012.
Duration of marketing prior to regulatory action
Duration of marketing prior to withdrawal, revocation or
suspension between 2012 and 2016 ranged from 2 years
Lane S, et al. BMJ Open 2018;8:e019759. doi:10.1136/bmjopen-2017-019759
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Figure 2 Duration of marketing (years) from year first authorised in the EU to regulatory decision date, grouped by year of
regulatory decision accomplishment.
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Study authors,
year of publication

Sample size (number
of products)
Setting

Onakpoya et al,14
2016
McNaughton et al,11
2014

462

Paludetto et al,15
2012

22

Withdrawals in France for safety reasons,
2005–2011

22 years (range:
7 months–51 years)

Clarke et al,2 reported in
McNaughton et al,11
2006

six of 11*

Withdrawal from UK market, 1999–2001

5 years (IQR: 4–10.5 years)

Olivier and Montastruc,12
2006

21

Withdrawal from French market for safety
reasons, 1998–2004

33.2 years

Fung et al,33
2001

121

5.4 years; one-third withdrawn
in first 2 years

Jeffreys et al,36
1998

22 of 583 new active
substances†

Withdrawal of prescription products from
worldwide markets for safety reasons,
1960–1999
Withdrawal from UK market for safety
reasons, 1972–1994

19

Median duration of
marketing

Postmarketing withdrawals from worldwide 18 years (IQR: 6–34 years)
markets, 1953–2013
Withdrawals from EU market for
23 years (IQR: 4–46 years)
pharmacovigilance reasons, 2002–2011

4 years (range: <1 year–
13 years)

*Duration of marketing prior to withdrawal was calculated for 6 of the 11 products identified in the study by Clarke et al.2 These were
calculated and presented in the paper by McNaughton et al.11
†22 of the 583 new active substances identified by Jeffreys et al36 were withdrawn from market due to safety reasons. Therefore, these
products only were included in this analysis.

to 84 years. Median (IQR) time on the market was 36.5
years (15, 57 years) and increased across the study period
(figure 2, table 2).
Discussion
The types of evidence used to justify 18 withdrawals,
revocations or suspensions of marketing authorisations
within the EU between 1 July 2012 and 31 December
2016 were assessed. The most commonly cited evidence
source contributing to these regulatory decisions was
spontaneously reported or published case reports (n=17,
94.4%). RCT, meta-analyses, animal and in vitro, in vivo
or in silico study designs were each cited in 13 of the 18
(72.2%) regulatory actions. Interestingly, epidemiological study designs were the least commonly cited evidence
source in supporting these regulatory decisions (n=8;
44.4%). Most commonly death was given as a reason for
commencing regulatory review (n=5, 27.8%). The median
time to reach a regulatory decision from procedural start
date was 204.5 days (IQR=143–535 days), whereas the
median duration of marketing prior to regulatory action
was 36.5 years (IQR=15–57 years).
Comparison with pre-2012 data
Of the 18 regulatory actions included in this study,
88.9% (n=16) occurred in the first half of our study
period. This may indicate that fewer regulatory actions
are occurring over time since the introduction of Directive 2010/84/EU and Regulation (EU) No. 1235/2010.
Overall a smaller number of marketing authorisation
withdrawals were observed postimplementation of the
pharmacovigilance legislation updates (6 of the total 18
Lane S, et al. BMJ Open 2018;8:e019759. doi:10.1136/bmjopen-2017-019759

actions included in this study) in comparison with studies
examining market withdrawals pre-2012. This may imply
that medicinal products are less likely to be withdrawn
since 2012. A possible reason for these observations is
that requirements of the updated legislations ensure that
only well-tested, safer medicinal products are approved
for use, with more stringent safety surveillance in their
early postmarketing phase. Based on existing literature,
it is not possible to determine a trend in revocations or
suspensions spanning preimplementation and postimplementation of the updated pharmacovigilance legislation.
One study published in 2013 examined safety alerts; of
59 alerts identified, just one medicinal product had been
suspended. Conversely in our study, it was found that eight
suspensions had occurred since 1 July 2012. Therefore,
it may be that a higher number of medicinal products
are now being suspended in comparison with pre-2012,
perhaps as an alternative to marketing authorisation withdrawal. It should be noted, however, that our sample of
medicinal products is too small and too short a period of
time has passed since the implementation of legislative
changes to draw robust conclusions from these data.
Sources of supporting evidence
The results of this study suggest that both spontaneous
and published ADR reports remain the most common
source of evidence contributing to regulatory action in
the EU, with 17 of 18 identified withdrawals, revocations
or suspensions (94.4%) justified by this type of evidence.
This is in line with previous studies which all described
spontaneous reports and published case reports as the
most commonly cited evidence supporting regulatory
9
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Table 4 Description of studies and marketing durations identified in published literature
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Adverse reactions given as reason for regulatory action
Most commonly death was the ADR given as reason
for regulatory action in the 18 identified actions (n=5,
27.8%); reports of deaths as a reason for regulatory
action in previous studies are variable, ranging from
2.4% to 27.3%.2 10 11 13–15 One study reported no regulatory actions associated with death.12 The results of
our study showed a higher number of medicinal products with death cited as a reason for regulatory action
in comparison with previously published results. Previously, hepatotoxicity was most commonly reported to
lead to regulatory action, while this ADR contributed to
just two regulatory actions in this study.11–15 33 34 Neurological and cardiovascular events were also commonly
implicated in the literature, supporting our findings that
cardiovascular and haematological ADRs and neurological ADRs each contributed to four regulatory decisions
(22.2%).2 11–13 15
10

Of the five regulatory actions relating to death in this
study, four actions (80%; 22.2% overall) were also associated with reports of misuse, medication error or accidental overdose. Previously, there have been variations
in the rates of reporting of misuse, medication error and
overdose contributing to regulatory actions. For instance,
Onakpoya et al suggested that 11% of identified products withdrawn from market in Europe, the Americas,
Asia, Australasia and Africa between 1953 and 2013 were
related to drug abuse or dependence, whereas in the
European setting, Paludetto et al, Olivier and Montastruc
and McNaughton et al each cited two withdrawals with
abuse or misuse as a contributing factor.11 12 14 15 Overdose
was reported as contributing to regulatory decision by
Paludetto et al and McNaughton et al in four cases and
one case, respectively; however, no actions were reportedly associated with overdose in the 2006 study by Olivier
and Montastruc.11 12 15 This suggests that overdose has
recently become more widely recognised as a safety issue
that could lead to regulatory action. In some cases, medicinal products have undergone regulatory action when risk
minimisation measures have failed to reduce the detrimental public health impact. Furthermore, when Directive 2010/84/EU and Regulation (EU) No. 1235/2010
were implemented in 2012, misuse, medication error and
overdose were added to the definition of an ADR and
could be considered a risk factor for ADRs; therefore, it is
likely that these will more frequently contribute to regulatory decisions in the future compared with the period
prior to the legislation being in effect.35
Time to reach a regulatory decision
The median (IQR) time taken to reach a regulatory
decision from the procedural start date to decision date
was 204.5 days (143, 535 days). Data surrounding the
length of EMA review periods prior to the adoption of
the updated pharmacovigilance legislation in 2012 have
not been previously published. Between 2012 and 2016,
there was a small decrease in the number of days taken to
reach a regulatory decision. However, statistical analysis
provided no evidence to support this (P=0.8711); therefore, it may be that there has not been any improvement
in the duration of regulatory reviews since 2012 and the
decreasing trend occurred by chance. However, as these
data are based on a small number of regulatory actions,
evidence of a reduction in time to reach a regulatory
decision may be found in a larger number of regulatory
actions over a longer period of time. As a stated aim of
the 2012 legislative changes was more rapid decisions to
protect patients from harmful substances sooner, analysis
of trends in the lengths of regulatory review periods is a
necessary area of future research.
Duration of marketing prior to regulatory action
There is variation in duration of marketing prior to regulatory action reported in the published literature, with
median duration of marketing ranging from 4 years to
33.2 years (table 4). Conversely, Lasser et al described that
Lane S, et al. BMJ Open 2018;8:e019759. doi:10.1136/bmjopen-2017-019759
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action.2 10–15 In our study, one withdrawal (5.6%) was
supported solely by spontaneous reports; this is considerably lower than figures reported previously. Olivier
and Montastruc suggested that 57% of withdrawals from
French market in the period 1998–2004 were solely based
on spontaneous reports and case series, whereas more
recently Alves et al reported that 20% of the identified
products withdrawn in the EU, USA, Canada and Australia
between 2010 and 2012 had been justified using postmarketing spontaneous reports alone.10 12 Previous research
examining the evidence for withdrawals between 1998
and 2001 reported rates of 4.8%–18% of withdrawals
supported by RCTs, whereas more recently, in the period
2005–2012, reported rates of safety alerts identified by
RCTs and regulatory actions supported by RCTs have
increased to between 41% and 63%.2 10–12 15 The findings of our study are consistent with previous literature
suggesting a recent increase in RCTs used as supporting
evidence; it was found here that RCTs were used in 72.2%
(n=13) of identified regulatory actions. However, there
are limitations surrounding the use of RCTs in assessing
the safety of medicinal products; in this context the lack
of epidemiological studies cited in the 18 identified regulatory actions is interesting, as both interventional and
observational designs are considered necessary in the
study of drug effects when their limitations are taken into
account.32
Paludetto et al reported that 68% of the identified products withdrawn in France between 2005 and 2011 had
been supported by multiple sources of evidence whereas
in our study 94.4% of identified regulatory actions were
justified by multiple sources of supporting evidence,
suggesting a possible recent shift towards the use of more
robust evidence in regulatory decisions.15 However, it is
important to note that the sources of evidence used by
National Competent Authorities greatly varied when
supporting regulatory actions in individual Member
States and in particular when compared with evidence
sources used by the EMA.
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duration of marketing before withdrawal.15 There may be
some evidence in our findings to support this; the number
of evidence sources supporting regulatory decisions were
most numerous in 2013, when the three medicinal products with the shortest duration of marketing underwent
regulatory action. However, there was wide variation in
duration of marketing prior to regulatory action among
the other medicinal products withdrawn, revoked or
suspended in 2013. Furthermore, the average duration of
marketing for medicinal substances with multiple sources
of evidence supporting regulatory action was higher
compared with those previously reported; therefore, the
suggestion of Paludetto et al may not be wholly generalisable. For the majority of medicinal products identified
in our study, the general trend is the longer the length of
marketing prior to regulatory action, the more numerous
the sources of supporting evidence (data not shown); a
possible reason is additional opportunity for research
to be completed using these medicinal products, thus
skewing the data in favour of more numerous supporting
study designs.
Limitations
It has been previously suggested by Siramshetty et al
that data on product withdrawals are largely inaccessible and in that study it was found that limited data
were publicly available for many of the identified products.39 Likewise in our study, five medicinal products
were identified in addition to the 18 included in the
analyses; it was not possible to ascertain reasons for,
or evidence supporting, the withdrawal, revocation or
suspension of their marketing authorisations based on
publicly available data. Furthermore, most Assessment
Reports produced by the EMA did not include reference lists and many stated ‘all available evidence’ was
reviewed to support the regulatory action; this meant a
PubMed search was necessary to identify evidence from
the scientific literature that may have been used by
the regulatory authorities in addition to those directly
cited. It is unknown whether all papers identified in
the scientific literature contributed to regulatory decisions; similarly additional evidence may have been
considered that was not obtained during our search
within just one database. The perceived robustness
of evidence used to support each regulatory action is
dependent on many factors with no one study design
stronger than another, therefore it was not possible
to determine a hierarchy of evidence supporting
these regulatory actions. Moreover, the use of the
INN rather than proprietary name during literature
searches may have excluded some papers. Authorisation dates were not provided in regulatory documentation for most medicinal products identified; therefore,
the year of initial authorisation within the EU used in
this study may not have been an accurate representation of each medicinal product’s length of marketing
prior to regulatory action. The reasonably short study
period meant the trends observed could only suggest
11
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most withdrawals identified in their study of the US market
between 1975 and 2000 occurred within 2 years postmarketing.34 The median (IQR) duration of marketing in our
study was 36 years (15, 57 years), which contradicts those
previously described. The well-established nature of many
medicinal products identified in our study could explain
a longer average time on the market.
Onakpoya et al suggested that the more recent the
launch year, the shorter the time on the market prior to
regulatory action and Fung et al reported a similar trend;
average duration of marketing prior to withdrawal from
markets worldwide was found to decrease for products
with more recent launch years in their study period 1960–
1999, with an overall median duration of marketing of
5.4 years.14 33 Due to the relatively long average time on
market for the medicinal products included in our study,
it can be seen that there can be a long period of time
during which many patients may be put at risk by exposure to these substances. In the future, it is necessary to
continue with pharmacovigilance efforts early in the postmarketing phase to ensure early recognition of the risks
associated with new medicinal products.
Excluding data on products identified by Clarke et al2
due to calculation of the duration of marketing by other
authors and thus a lack of evaluation of trends, four of the
studies identified in the published literature established
a decreasing trend in average duration of marketing
prior to regulatory action over time.14 15 33 36 Although
the remaining studies did not report trends within their
data, each demonstrated a longer duration of marketing
prior to regulatory action in comparison with earlier
research.11 12 The duration of marketing for medicinal
products that underwent regulatory action between 2012
and 2016 increased over time, demonstrated by the trend
line in figure 2. In comparison with established medicinal products, new medicinal products undergo more
frequent safety surveillance in the form of Periodic Safety
Update Reports (PSURs) and other postauthorisation
safety studies.37 It should be noted that data presented in
these PSURs have been cited in selected documentation
relating to regulatory action. Additionally, the Adaptive
Pathways scheme allows early and progressive patient
access to certain new medicinal products.38 This potentially extends the postmarketing duration of the medicinal products approved via this approach; in future, it
may be interesting to perform analyses on duration of
marketing for products authorised via the Adaptive Pathways scheme and assess how these actions impacted the
duration of marketing prior to regulatory action for all
medicinal products that underwent regulatory action
during the same timeframe. However, it may take time
for ADRs to be recognised as serious enough to justify
regulatory action, providing a potential reason for the
longer durations of marketing prior to regulatory action
observed for the medicinal products identified in this
study.
Paludetto et al suggested that the use of multiple
evidence sources in regulatory decisions may decrease the
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Future research and conclusion
An interesting topic for future research would be to investigate the weighting of each study type contributing to
regulatory decisions. Research into the impact of these
regulatory actions resulting from legislative revisions on
the public health burden within the EU would also be
advantageous. Furthermore, it is recommended that a
larger sample of medicinal products be studied over a
longer duration to assess the changes to the recognition
of misuse and medication error, including accidental
overdose, as a reason for regulatory action. Continued
monitoring of the effectiveness of these legislations
is recommended to ensure an ongoing move towards
strengthened evidence sources supporting regulatory
actions; similarly observation of the length of future
regulatory reviews will ensure the target of a shorter time
to reach a regulatory decision is met. This will help to
protect public health by preventing patients accessing
harmful medications sooner following the detection of a
safety concern.
On implementation of Directive 2010/84/EU
and Regulation (EU) No. 1235/2010 throughout
the EU, there was hope for more rapid decisions
based on more robust supporting evidence. 6 Findings of our study suggest that this has been at least
12

somewhat successful, as recent regulatory actions
were supported by multiple types of evidence,
coupled with a modest decrease in the number
of days to reach a decision across the time period
studied. Although there is some evidence to show
that alternative study designs are increasingly used
to support regulatory actions, it would appear that
spontaneous and published ADR reports remain the
most commonly used evidence source during regulatory decision-making processes.
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