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AIM
The aim of the present study was to provide an insight into the characteristics and follow-up of postmarketing studies of medicines
that were conditionally authorized in the European Union (EU).

METHODS
We compiled a list of all postmarketing studies attached as specific obligations to the licence of medicines that were granted
conditional marketing authorization from January 2006 to April 2014. Studies were characterized based on their objective,
design, status upon marketing authorization (MA) and due data set by authorities. They were linked to online study registrations
(Clinicaltrials.gov, ENCePP) to determine completion date. We described and associated characteristics of studies and medicines,
and determined whether studies were completed on time.

RESULTS
A total of 59 postmarketing studies were requested for 21 conditionally authorized medicines. Most studies had an
interventional study design (73%), were ongoing upon MA (61%) and aimed to provide additional data on efficacy (45%).
Interventional studies were more often ongoing and providing efficacy data, while observational and other studies were more
often new and providing safety data. Frequent grounds for requesting postmarketing studies were ‘long-term follow-up’ and
‘increase data on subpopulations’. Of the 34 studies eligible for follow-up analysis, 26 (76%) were completed and 17 (50%)
completed on time. Actual completion time took a median (interquartile range) of 274 (�121 to 556) days longer than
expected.

CONCLUSIONS
Our results indicated that most postmarketing studies attached to a conditional marketing authorization were eventually
completed but that half were completed with a substantial delay. The observations suggest caution when broadening the use of
postmarketing studies for resolving uncertainties about benefits and risks after MA.
© 2016 The British Pharmacological Society DOI:10.1111/bcp.12940
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT

• The conditional marketing authorization pathway in the EU facilitates early-access to medicines, provided that postmarketing
studies are conducted to reduce uncertainties about benefits and risks.

• We know little about the characteristics of these postmarketing studies, the rationales for requesting them and whether they are
completed according to the timelines established upon marketing authorization.

WHAT THIS STUDY ADDS
• We found that most requested postmarketing studies are started and eventually completed but that half of all studies are
completed with a substantial delay.
Introduction
Postmarketing studies that are requested by drug regulatory
authorities upon marketing authorization and conducted by
marketing authorization holders have become an increasingly
salient instrument inmedicines regulation. In spite of extensive
testing of medicines before authorization, knowledge of their
benefits and risks is inherently limited at the time of marketing
authorization [1]. Postmarketing studies aim to increase this
knowledge by reducing uncertainties about the effectiveness of
medicines under real-world circumstances and identifying or
quantifying adverse drug reactions that could influence the
benefit–risk balance [2, 3].

The importance of postmarketing studies has markedly
increased in recent decades owing to an evolution of
medicines regulatory frameworks around the world towards
a lifecycle approach [4, 5]. Typically, in a lifecycle approach,
evidentiary standards for marketing authorization are
initially eased, provided that further studies and monitoring
activities are conducted to obtain comprehensive data on
benefits and risks. Regulators continue to be involved in the
evaluation of these data through ongoing assessments of
the benefit–risk balance and taking appropriate action when
incoming data affect the balance.

In the EuropeanUnion (EU), conditionalmarketing authori-
zation is a key example of a regulatory pathway that takes a
lifecycle approach. Conditional marketing authorization
provides the possibility to grant early access to medicines that
treat diseases with unmet medical need in case ‘the benefits to
public health of immediate availability outweigh the risks
inherent in the fact that additional data are still required’ [6].
Marketing authorization applicants that are granted a
conditional marketing authorization are ‘required to complete
or initiate certain studies with a view to confirming that the
risk–benefit balance is positive and resolving any questions
relating to the quality, safety and efficacy of the product’ [6].
These so-called ‘specific obligations’ are agreed upon between
regulators and marketing authorization applicants on a case-
by-case basis, depending on the medicine-specific uncertainties
that need to be addressed. They only constitute a part of all
postmarketing activities as further studies and activities may
be imposed upon marketing authorization applicants by
European regulators through ‘obligations in Annex II’, ‘addi-
tional pharmacovigilance activities in the risk management
plan’ or other ‘legally binding measures’ [7].

The progress in fulfilling specific obligations is evaluated on
an annual basis by regulators. When all specific obligations are
fulfilled, the medicine is granted a marketing authorization
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not subject to specific obligations. Although the fulfilment of
specific obligations is legally binding, no medicine can be with-
drawn from the market purely because the obligation was not
fulfilled [8]. However, any modification to the obligation with
regard to design or due date has to be discussed with and agreed
upon by regulators. Moreover, in the case of infringement of
specific obligations, regulators can apply a financial penalty to
the marketing authorization holder which may amount to a to-
tal of 5% of the turnover of the marketing authorization holder
in the EU in the preceding year [9].

Little is known about the characteristics and follow-up of
specific obligations attached to conditionalmarketing authoriza-
tions in the EU. Analyses of fulfilment of postmarketing studies
in the USA and Canada showed that studies are frequently not
conducted or are completed with substantial delays [10–13].
However, the US studies did not focus specifically on
postmarketing studies attached to early-access pathways similar
to conditional marketing authorization in the EU, while the
means for legal enforcement of study fulfilment also seem to be
less specified in the USA compared with the EU. Therefore, it
might be expected that the rate of fulfilment of specific obliga-
tions in the EU will be relatively high. Nevertheless, a previous
analysis of specific obligations in the EU did observe delays and
discrepancies in fulfilment [14], although this study didnot char-
acterize obligations or quantify the degree to which the individ-
ual studies were completed on time. Moreover, one European
study on the fulfilment of postauthorization safety studies
(PASSs) suggested that fulfilment was generally good, with most
studies progressing from protocol to data collection [15]. How-
ever, at the time of study conduct, most PASSs were not yet com-
pleted, limiting the conclusions that could be drawn from this
analysis. Further analysis on the characteristics and follow-up
of postmarketing studies in the EU is therefore warranted, espe-
cially as confirmation of benefits and risks through
postmarketing studies is envisaged to become a major corner-
stone for the novel adaptive pathways procedure in the EU [16].

The aim of the present study was therefore to examine the
characteristics and follow-up of postmarketing studies attached
as specific obligations to the licence of conditionally authorized
medicines in the EU.
Methods

Data collection
We identified all medicines that were granted a conditional
marketing authorization in the EU from first use of this



Table 1
Characteristics of medicines and postmarketing studies

Medicines (n = 21)

Number (%)

Therapeutic indication

Cancer 13 (62)

HIV/AIDS 3 (14)

Epilepsy 2 (9)

Multiple sclerosis 1 (5)

Cystic fibrosis 1 (5)

Tuberculosis 1 (5)

Orphan indication 10 (48)

Proactive request for
CMA by MAA

8 (38)

Post-marketing studies (n = 59)

Design

Interventional studies 44 (75)

Observational studies 5 (8)

Other obligations 10 (17)

General objective

Additional efficacy data 25 (42)

Additional safety data 9 (15)

Additional efficacy/safety data 25 (42)

Status upon MA

New studies 23 (39%)

Expected duration

Expected duration,
median (IQR)

575 (204–1287)

CMA, conditional marketing authorization; IQR, interquartile
range; MA, marketing authorization; MAA, marketing authoriza-
tion application.
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pathway in 2006 up until April 2014, based on information
from annual reports of the European Medicines Agency
(EMA). We excluded two vaccines that were intended for
use in emergency situations only.

For each medicine, we retrieved the European public
assessment report (EPAR) from the Agency’s website and
extracted information from different components of this
report. The authorization details of the EPAR provided the
source of information for the authorization date, therapeutic
indication, whether the product was indicated for an orphan
disease and whether a conditional marketing authorization
was requested proactively by the marketing authorization
applicant. The assessment history was examined to deter-
mine whether and when all specific obligations were consid-
ered fulfilled and the medicine converted to a standard
marketing authorization.
Annex II of the EPAR was used to retrieve a list of all
requested specific obligations, including the text description
of the obligation and the due date for completion set by the
EMA upon authorization. Obligations were included when
they were mentioned under the heading ‘Specific obligation
to complete postauthorization measures for the conditional
marketing authorization’. We examined all obligation texts
to determine whether multiple studies were mentioned in a
single obligation text or a single study in multiple obligation
texts. Each study was included as a separate observation in
our dataset, rendering the number of studies different from
the number of obligations. We also excluded one obligation
because it was not a request for a study but for the develop-
ment of a diagnostic test kit.

All studies were characterized by design, status upon
marketing authorization, expected duration and objective.
Study design was categorized as interventional, observa-
tional or other, based on the obligation text. We also
determined for each study its status upon marketing autho-
rization as either ongoing or supposed to start post-
marketing, based on the obligation text and information
from the scientific assessment report. Expected duration
was characterized as the difference between the set due
date for completion and the marketing authorization date.
In case multiple obligations referred to the same study,
the last due date was used.

To determine the objectives of the postmarketing studies,
we used information from the scientific assessment report,
particularly the ‘discussion on clinical efficacy and clinical
safety’, which often included information on ‘additional data
needed in the context of a conditional marketing authoriza-
tion’. We also retrieved information from sections on ‘uncer-
tainty in the knowledge about beneficial or unfavourable
effects’ or the ‘grounds for re-examination’ in case the medi-
cine was approved in a re-examination procedure.

We first categorized objectives in a general way as the need
to provide additional efficacy data, additional safety data, or
both efficacy and safety data. We subsequently developed a
more granular categorization based on the specific grounds for
requesting each postmarketing study. Studies were categorized
in seven nonmutually exclusive categories: ‘long-term follow-
up’, ‘additional endpoints’, ‘(additional) comparator’, ‘increase
size of study population’, ‘quantification of risk’, ‘understand-
ing posology and drug–drug interactions’ and ‘increase data on
subpopulations’. Each study was subsequently categorized into
one or more groups depending on which grounds were
mentioned in the scientific assessment report.

To provide an insight into study follow-up, we searched
for registrations of all interventional and observational
studies in the online public register Clinicaltrials.gov. For
observational studies, we also searched the register of the
European Network of Centres for Pharmacoepidemiology
and Pharmacovigilance (ENCePP, http://www.encepp.eu).
Search terms included the name of the medicine, the study
name (if provided) and study description items (e.g. compar-
ator). We merely tried to link interventional and observa-
tional studies, as other studies such as bioequivalence
studies, pharmacokinetic–pharmacodynamic studies or
pooled analysis are generally not registered in a public data-
base while results of these studies as reported in publications
often do not mention a completion date. Moreover, we only
Br J Clin Pharmacol (2016) 82 213–226 215
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considered studies with an expected completion date before
August 1, 2015 which was the last follow-up date of this
analysis.

For all linked studies, we extracted information on
(estimated) completion date. In case studies were completed,
we retrieved the actual study completion date. In case studies
were still ongoing, we noted the estimated study completion
date. Dates listed as month and year were noted as last of the
month. Searches for registrations in Clinicaltrials.gov and
ENCePP were performed independently by two researchers
(JH, TK) and in cases of disagreement, a consensus was
sought. All other data were first collected by TK or JH and
subsequently reviewed by JH or MB. Disagreement was
resolved by consensus. The last follow-up for data collection
was 31 July 2015.
Data analysis
To characterize studies, we first examined associations
between study design and their general objective (safety,
efficacy, both), status upon marketing authorization and
expected duration. We subsequently examined the detailed
grounds for the specific obligations and visualized these
grounds by treatment indication (cancer vs. noncancer
indications), whether or not the medicine was indicated for
an orphan disease, whether or not conditional marketing
authorization was requested proactively by the applicant
and whether or not the postmarketing study was already
ongoing at the time of marketing authorization.

To examine fulfilment of the studies, we computed the dif-
ference in days between the actual completion date and the
set due date for completion. For studies that were not yet com-
pleted, in spite of a due date before 1 August 2015, we computed
Figure 1
Grounds for requesting post-marketing studies (from top to bottom). ( ) Long
( ) Increase size of study population, ( ) Quantification of specific risks, ( ) Un
subpopulation(s)
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the difference between the expected completion date as listed in
the register and the due date. Studies were deemed completed
on time when they were completed within a year after the due
date. Moreover, medicines were considered to be converted on
time when they converted to a standard marketing authoriza-
tion within a year after the last due date of all postmarketing
studies (and hence all obligations).

The analysis to determine study completion was per-
formed on all registered interventional and observational
studies as well as on a subset of studies for which there was
an explicit request in the obligation text for study completion
or a final study report. We conducted this sensitivity analysis
as in some cases the specific obligation might have been
fulfilled based on an evaluation by the EMA of data from an
interim analysis, while the study was still ongoing.
Results

Characteristics
From January 2006 until April 2014, 23 medicines were
granted a conditional marketing authorization in the EU, in-
cluding two vaccines for emergency use. Of the 21 medicines
included in the present analysis, 13 were indicated for cancer,
three for HIV/AIDS, two for tuberculosis and one each for cys-
tic fibrosis, epilepsy and multiple sclerosis. Almost half (48%)
had an orphan designation upon marketing authorization,
while a proactive request for a conditional marketing authori-
zation was made for 38% of medicines (Table 1).

The EMA requested a total of 61 specific obligations for the
21 medicines. We excluded one obligation and observed
requests for 59 studies in the 60 obligation texts. Original
-term follow-up, ( ) Additional endpoints, ( ) (Additional) comparator,
derstanding posology and drug-drug interaction, (□) Increase data on

http://Clinicaltrials.gov


Table 2
Associations between design and characteristics of postmarketing studies

Interventional (n = 44) Observational (n = 5) Other (n = 10)

General objective

Additional efficacy data 22 (50%) 2 (40%) 1 (10%)

Additional safety data 4 (9%) 2 (40%) 3 (30%)

Additional efficacy/safety data 18 (41%) 1 (20%) 6 (60%)

Status upon MA

New study 10 (23%) 5 (100%) 8 (80%)

Ongoing study 34 (77%) 0 (0%) 2 (20%)

Expected duration

Duration in days, median (IQR) 586 (261–1279) 1402 (1168–1413) 307 (125–374)

IQR, interquartile range; MA, marketing authorization.

Figure 2
Flowchart describing the identification and matching of postmarketing studies. CMA, conditional marketing authorization. ( ) Analysis of char-
acteristics (n = 59), ( ) Analysis of follow-up (n = 34)

Characteristics and follow-up of postmarketing studies in the EU
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Figure 3
Distribution of time to completion for postmarketing studies (upper
panel) and time to conversion for medicines (lower panel). ( ) Com-
pletion in time, ( ) Completion delayed, ( ) Expected completion
delayed, ( ) Conversion in time, ( ) Conversion not in time

J. Hoekman et al.
obligation texts of these 59 studies as retrieved from the respec-
tive EPARs are provided in the Appendix. A median [interquar-
tile range (IQR)] of two (1–4) studies per medicine were
requested. For 25 studies (42%), the objective of the obligation
was to provide additional efficacy data, for nine (16%)
additional safety data and for 25 (42%) additional data on both
safety and efficacy.

Table 1 shows that there were 44 (75%) requests for inter-
ventional studies, five (8%) for observational studies and 10
(17%) for other studies, the latter being mainly reviews of
safety or efficacy data, pharmacokinetic–pharmacodynamic
studies and post hoc analyses. There were 23 (39%) requests
for new studies to be started postmarketing, while 36 (61%)
studies were already ongoing at time of marketing authoriza-
tion (e.g. extension of phase III trials).

Table 2 shows associations between the design of studies
and their general objective, status and expected duration.
Half of all interventional studies aimed to provide additional
efficacy data, while this proportion was lower for observa-
tional and other studies (40% and 10%, respectively). Con-
versely, compared with interventional studies, observational
studies and other studies more often aimed to provide addi-
tional safety data (9% vs. 40% and 30%, respectively). Only
23% of all interventional studies were expected to start
postmarketing, while this proportion was higher for observa-
tional studies (100%) and other studies (80%).

We found 104 different rationales for the 59 requested
postmarketing studies (Figure 1). Themost prevalent grounds
for requesting these studies were ‘long-term follow-up’ (n =
24, 23%) and ‘increase data on subpopulations’ (n = 19, 18%).
Figure 1 also indicates differences in the grounds for
postmarketing studies by indication type, proactive request
for conditional marketing authorization and status of
postmarketing study upon authorization. Postmarketing
studies for cancer indications were more often motivated by
a need to obtain more data on subpopulations (30% vs. 9%)
and additional endpoints (19% vs. 4%), while they were less
often requested to better understand posology or drug–drug
interactions (4% vs. 24%). When a conditional marketing
authorization was requested proactively by the applicant,
subsequent post-marketing studies were more often
requested to better understand posology or drug–drug inter-
actions (22% vs. 4%) and less often to obtain more data on
subpopulations (7% vs. 31%). Ongoing studies were more of-
ten used to provide long-term follow-up (30% vs. 16%). No
pronounced differences were observed between medicines
with and without an orphan indication.
Follow-up
There were 37 interventional and observational studies
with a due date before the last follow-up date. We were
able to link 34 (92%) of these studies with a registration
on Clinicaltrials.gov or ENCePP (Figure 2). Out of these
34 studies, 26 (76%) were completed before the last
follow-up date. Time to completion took a median (IQR)
of 275 (�121 to 773) days longer than expected upon
marketing authorization. For eight uncompleted studies,
the expected time to completion took a median (IQR) of
913 (853–1248) days longer than expected upon marketing
authorization. There was one study that was already
218 Br J Clin Pharmacol (2016) 82 213–226
completed, in spite of an expected completion date after
the last follow-up date.

Seventeen out of 34 (50%) studies were completed within
1 year after the due date. Seven of these 17 studieswere not com-
pleted before the due date but within 1 year after the due date
(Figure 3A). None of the eight uncompleted studies were ex-
pected to be completed within 1 year of the due date. When
considering only the 15 studies in the follow-up sample for
which there was an explicit request for a final study report, we
observed that 12 (80%) of these studies were completed at last
follow-up date and eight (67%) within 1 year after the due date.

When assessing conversion of the licence of medicines to
a standard marketing authorization, there were 14 medicines
that had a due date for all obligations before the last follow-
up date. Nine (64%) of these medicines converted to a stan-
dard marketing authorization and four (29%) were converted
within 1 year after the last due date (Figure 3B). There were no
other medicines that were converted. Conversion occurred a
median (IQR) of 470 (114–1295) days later than expected
based on the last due date as agreed at the time of market au-
thorization. None of the 21 included medicines were with-
drawn from the market owing to obligation outcomes that
affected the benefit–risk balance of the product.
Conclusions
The aim of the present study was to examine the characteris-
tics and follow-up of postmarketing studies that were
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attached as specific obligations to the licence of condition-
ally authorized medicines in the EU. We observed that dur-
ing the study period 2006–2014, a median of two specific
obligations were requested for conditionally authorized
medicines, with most requests for additional efficacy data
from interventional studies that were already ongoing upon
marketing authorization. Moreover, although most studies
were started as judged from information in a publicly acces-
sible registry, completion of half of all studies was substan-
tially delayed and only four out of 14 medicines were
converted to a standard marketing authorization in time.

Regarding study characteristics, we observed mainly
requests for interventional studies, with about three-quarter
of these studies already ongoing at time of marketing
authorization. It seems that these medicines were autho-
rized relatively often at a stage when early data from ongo-
ing pivotal studies were available but collection of longer-
term follow-up data from these studies was still deemed
necessary by regulators. This observation is supported by
our finding that relatively many postmarketing studies
were requested in order to provide long-term follow-up
data.

Prior research focusing specifically on oncology medi-
cines showed that conditional marketing authorization is
not always used in a proactive manner to bring the most
promising and transformative therapies to the market [17].
These authors concluded that, in some cases, the rationale
for granting a conditional marketing authorization to
oncology medicines was not a general lack of data but rather
a lack of strong enough data to warrant a standard marketing
authorization. In these cases, the conditions for authoriza-
tion were generally less well planned and authorization was
relatively often accompanied by a narrowing of the indica-
tion to a specific subpopulation [17]. The present study indi-
cated that the grounds for requesting postmarketing studies
were different for developer-initiated compared with
regulator-initiated conditional marketing authorizations.
More specifically, when conditional marketing authorization
was not proactively applied for, regulators tended to be more
likely to request longer-term follow-up data from ongoing
trials and/or additional data on the safety/efficacy of these
medicines in subpopulations. When conditional marketing
authorization was applied for proactively, there tended to be
relatively more requests for further data on posology and
drug–drug interactions.

A mixed picture emerges from our results with regard
to the follow-up of specific obligations. We showed that
three-quarter of studies are started and eventually com-
pleted by marketing authorization holders, yet also demon-
strated that half of all interventional and observational
studies are completed with a substantial delay. Apart from
the fact that many studies were already ongoing upon
marketing authorization, there are a number of other fac-
tors rooted in European legislation, as well as regulatory
practice, that may contribute to eventual study start and
completion.

First, regulators consider the likelihood that a marketing
authorization holder is in the position to conduct studies as
a formal evaluation criterion when deciding to grant a
conditional marketing authorization [6]. In doing so, they
may take into account factors such as the resources of
marketing authorization holders to conduct studies, the
complexity of the study and the possibility that, upon
marketing authorization, a window of opportunity for
conducting a study is closed because of ethical or logistical
reasons. When regulators expect that timely completion of
studies will be challenging, marketing authorisation can be
denied on this ground [18]. Second, marketing authoriza-
tion holders need to apply for a renewal of a conditional
marketing authorization on a yearly basis. In preparation
for this procedure, marketing authorization holders are
expected to draft a report on progress in fulfilling the
requested obligations. This provides regulatory authorities
with an opportunity to monitor study completion and
requires a substantial effort on the part of marketing autho-
rization holders annually, which may incentivize study
conduct.

At the same time, our findings raise concerns over the
timely completion of studies, given that only half of all
studies were completed within 1 year after the due date
set by authorities. There may be several explanations for
this observation. Marketing authorization holders may face
critical ethical and logistical challenges in conducting stud-
ies. Once a drug is on the market, patients may not be
willing to participate in an interventional study in case
they are randomized to a control group [19]. Moreover,
physicians and academic researchers may have limited
interests in contributing to studies that have the sole
purpose of confirming earlier findings and ask no novel
scientific questions [20]. Furthermore, upon marketing au-
thorization, regulators may have been too optimistic about
study completion. The risk of an inaccurate prediction of
study completion might be especially high when a condi-
tional marketing authorization is not requested proactively
by the marketing authorization applicant and agreement
on specific obligations needs to be reached within a short
timeframe at the end of the marketing authorization
procedure [17]. Although the present study did not sub-
stantiate this claim directly, it showed that the grounds
for imposing specific obligations were different when con-
ditional marketing authorization was requested proactively.

It has also been suggested by several authors that there
is little incentive for marketing authorization holders to
complete postmarketing studies in a timely manner [8].
Postmarketing studies generally offer little financial benefit
and may even result in a reduced market share if new
safety concerns are identified or the indication is narrowed
down following the identification of subpopulations that
respond best to therapy. The legal design of the conditional
marketing authorization regulation [5] may partly contrib-
ute to this, given that regulators will already have agreed
that the benefit–risk balance of the product is positive
when granting a conditional marketing authorization.
Once this decision has been made, there seems to be little
chance of revoking it, unless new data from post-marketing
studies dictate otherwise. This concern can be mitigated if
regulators would judge that the ‘benefit–risk balance is rea-
sonably likely to be positive’. This would put the ‘burden
of proof’ to confirm the likelihood that the positive bene-
fit–risk balance is positive on the marketing authorization
holder. Such proof could then be demanded, within a le-
gally defined term-limited period after which regulators
Br J Clin Pharmacol (2016) 82 213–226 219
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would assess whether the benefit-risk balance is positive
and decide on conversion or revocation of the marketing
authorisation.

It is highly likely that regulators are aware of the adjusted
timelines of the delayed studies, given that progress is moni-
tored on a yearly basis. It is also likely that they have agreed
upon modifications to the study timelines and are aware of
the results of interim analyses. However, although there
may be good reasons for study delay, it goes without saying
that these delays are not in the interests of public health.
When remaining questions about safety and/or efficacy are
not answered within set time frames, patients may be
exposed to unnecessary treatment risks. Moreover, given the
limited data availability, it is more challenging for regulators
to balance the benefits and risks of medicines in a scientifi-
cally sound way. This is particularly important, given the fact
that a relatively large number of the medicines that were
granted a conditional marketing authorization were autho-
rized without consensus about the positive benefit-risk bal-
ance upon marketing authorization [17].

One other result of the present analysis stands out.
Although, eventually, the vast majority of interventional
studies could be linked to a registration at Clinicaltrials.gov
or ENCePP, establishing a link was a time-consuming process,
especially when only short study descriptions, without a
study name, were available from the EPAR. Moreover, this
indirect way of assessing study completion was only possible
for interventional and observational studies, and not for
other studies. Our results therefore also stress the need for
more transparency on the part of authorities to provide better
information on the design and follow-up of specific obliga-
tions attached to a conditional marketing authorization.
Transparency could be increased by publishing the summa-
ries of annual reassessment reports or establishing a register
of postmarketing authorization measures, with regular status
updates. It is in the interests of patients and healthcare pro-
viders to have access to this information, given that patients
are exposed to higher treatment risks when comprehensive
data on benefits and risks are not available.

There were a number of limitations to the present
analysis. A first limitation is that we assessed completion
of postmarketing studies instead of completion of specific
obligations. Consequently, we do not know how regula-
tors assessed the fulfilment of obligations in light of study
progress and whether changes were made to the obliga-
tions in the postmarketing phase. It may, for instance, be
the case that some studies are not completed but that reg-
ulators consider the data to be comprehensive enough for
the fulfilment of obligations, or that the study design is
changed in response to critical challenges. There may also
be cases in which there are requests for additional obliga-
tions after the initial study results have become available.
To limit the influence of these time-varying factors, we
conducted a sensitivity analysis on studies for which there
was an explicit request in the obligation text for a final
study report or study completion. We observed similar de-
lays in this sensitivity analysis. A more in-depth study,
focusing specifically on the assessment of incoming data
by regulators during annual renewals, may provide more
insight into whether the fulfilled obligations solve the
issues outstanding at the time of a conditional marketing
220 Br J Clin Pharmacol (2016) 82 213–226
authorization. A previous study, focusing specifically on
the safety concerns listed in the risk management plans
(RMP) of a cohort of medicines intended for chronic use,
showed in this respect that after 5 years, 20% of the men-
tioned uncertainties had been resolved but that new un-
certainties had been included in the RMP at a similar
rate [21]. A second limitation is that the follow-up time
of the present analysis was limited specifically the case
for medicines that had been recently authorized for use.
As a result, the present analysis had limited statistical
power to test for associations. For example, we could not
discern statistically the factors that contribute to the
timely completion of studies. This was remains an area
for further research. A third limitation is that we were able
to assess compliance only for a subset of interventional
and observational studies. We therefore do not know
whether our results hold for studies that are smaller and
less complex to conduct than interventional and observa-
tional studies.

In conclusion, our results indicate that most post-
marketing studies attached as specific obligations to condi-
tionally authorized medicines in the EU are started and
eventually completed; however, half of all studies are com-
pleted with a substantial delay compared with the timelines
expected at time of authorization. These observations suggest
that caution is necessary when broadening the use of this
regulatory instrument for resolving significant uncertainties
about the benefits and risks of medicines in the post-
marketing phase, especially when designing novel authoriza-
tion procedures, such as adaptive pathways. To mitigate
concerns, such pathways should be used in a prospective
manner, including early discussions on design and request
for study completion. Moreover, care should be taken further
to incentivize the timely conduct of postmarketing studies, to
facilitate the balancing of benefits and risks by regulators
based on comprehensive data.
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