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ORIGINAL RESEARCH

Comprehensive evaluation of post-approval regulatory actions during the drug 
lifecycle – a focus on benefits and risks
Lourens T. Bloem a,b, Mariana Karomia, Jarno Hoekmana,c, Menno E. van der Elstb, Hubert G.M. Leufkensa, 
Olaf H. Klungela,d and Aukje K. Mantel-Teeuwisse a

aDivision of Pharmacoepidemiology and Clinical Pharmacology, Utrecht Institute for Pharmaceutical Sciences, Utrecht University, Utrecht, The 
Netherlands; bPharmacovigilance department, Dutch Medicines Evaluation Board, Utrecht, The Netherlands; cPharmacovigilance department, 
Innovation Studies, Copernicus Institute of Sustainable Development, Utrecht University, Utrecht, The Netherlands; dFaculty of Health Sciences, 
University of Southern Denmark, Odense, Denmark

ABSTRACT
Background: Prior studies investigated regulatory actions that reflected a negative impact on drug 
risks. We aimed to evaluate occurrence of regulatory actions that reflected a negative or positive impact 
on benefits or risks, as well as relations between them.
Research design and methods: We followed EMA-approved innovative drugs from approval (2009– 
2010) until July 2020 or withdrawal to identify regulatory actions. We assessed these for impact on 
benefits or risks and relations between actions. Additionally, we scrutinized drug lifecycles for time- 
variant characteristics that may contribute to specific patterns of regulatory actions.
Results: We identified 14 letters and 361 label updates for 40 drugs. Of the label updates, 85 (24%) 
reflected a positive impact, mostly concerning indications, and 276 (76%) a negative impact, mostly 
adverse drug reactions. Many updates (54%) occurred simultaneously with other updates, also if these 
reflected a different impact. Furthermore, levels of patient exposure, innovativeness, needs for regula
tory learning and unexpected risks may contribute to patterns of regulatory actions.
Conclusions: Almost a quarter of regulatory actions reflected a positive impact on benefits and risks. 
Also, simultaneous learning about benefits and risks suggests an important role for drug development 
in risk characterization. These findings may impact regulatory analyses and decision-making.
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1. Introduction

Regulatory learning about drugs is an important process. At 
the time of initial drug approval, many uncertainties about its 
clinical aspects remain [1]. Knowledge is often limited to 
efficacy and the most common adverse events when used to 
treat a specific disease in a specific patient population. While 
a well-designed clinical trial in a restricted patient population 
is paramount to establishing efficacy [2], it limits generalizabil
ity of these findings to the broader patient population. At the 
same time, it limits the characterization of a drug’s safety 
profile in the broader population [2]. Also, it often follows 
too few patients for a too short time period to identify rare 
adverse events and adverse events with a long latency [3]. 
Thus, there is ample room for post-approval learning about 
benefits and risks of drugs. Indeed, efficacy in broader or 
completely other indications is studied years after initial 
approval [4] and the methods to characterize the safety profile 
continue to be refined [5].

Contemporary drug regulation reflects the idea that drug 
development is never finished. It aims to capture and stimu
late continuous knowledge accrual throughout the entire drug 
lifecycle, rather than a one-off learning experience at initial 

approval decisions [6,7]. Regulators can stimulate this process 
in the post-approval phase through e.g. requests for additional 
studies and periodic reports of information available in com
pany databases and scientific literature, among others. 
Consequently, new information comes available on a regular 
basis, which is then assessed in terms of their positive or 
negative impact on either the benefits or risks of drugs. The 
weighing of information on adverse effects and other poten
tial risks against the desired, therapeutic benefits of a drug in 
a specific population is called benefit-risk assessment and is 
important to all regulatory decisions in any country [8,9]. It 
may lead to post-approval regulatory actions such as the 
approval or refusal of a new drug or indication, the broad
ening or restriction of an indication, the addition of a new 
warning or adverse drug reaction (ADR) to the drug label, or 
perhaps the removal of an existing one [10–13]. In some cases, 
new information may question the available knowledge or 
suggest a critical risk not known or expected before. Then, 
a complete reassessment of the benefit-risk balance based on 
all available data may be considered, in Europe also known as 
a referral procedure [14–16].

Post-approval regulatory decision-making thus univer
sally considers both drug benefits and risks and whether 
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new information has a positive or a negative impact on 
either. However, recent studies on the outcomes of regu
latory decision-making mostly assessed safety-related post- 
approval regulatory actions, i.e. those that respond to new 
information with a negative impact on drug risks. This 
often concerns newly identified ADRs, and the respective 
regulatory actions include drug label updates [17–23], 
healthcare professional letters or similar notifications 
[24,25], withdrawals [14,26–29], or a combination thereof 
[15,16,30–40]. Of these studies, few also assessed benefit- 
related post-approval regulatory actions – such as 
amended indications – as outcomes [15,20,21], let alone 
how they are associated with safety-related regulatory 
actions [24]. The few studies that focused primarily on 
amended indications [4] or posology changes [41,42] did 
not consider other regulatory actions. Most importantly, no 
study comprehensively assessed relations between various 
regulatory actions.

We aimed to build on this previous research by assessing the 
type and impact of European post-approval regulatory actions 
that occur during the drug lifecycle (i.e. whether reflecting new 
information with a positive or a negative impact on benefits or 
risks), any relations between them, and potential characteristics 
that seem to play a role in their occurrence. We therefore used 
publicly available European regulatory action data, including 
changes to the marketing authorization, Direct Healthcare 
Professional Communications (DHPC) and all newly available 
clinical information in the product label – the Summary of 
Product Characteristics (SmPC).

2. Patients and methods

2.1. Study design and cohort selection

We performed a retrospective cohort study of drugs 
approved by the European Medicines Agency (EMA) 
between 1 January 2009 and 31 December 2010 that con
tained a new active substance and followed these up until 
1 July 2020 or withdrawal from the market if that occurred 
earlier. This allowed 10 years of follow-up that was con
sidered a relevant time horizon to address the aim of this 
study. In case of duplicate applications, i.e. drugs approved 
under multiple product names, we included the one with 
the longest time on the market. We excluded vaccines 
approved for the prevention of seasonal disease (e.g. influ
enza) because these are often marketed only temporarily, 
rendering them incomparable to other drugs in terms of 
their lifecycle and consequently changes to their marketing 
authorization. For the remaining drugs, European Public 
Assessment Reports (EPAR) at the EMA website1 were con
sulted to extract baseline drug and regulatory characteris
tics. Confidential Periodic Safety Update Reports (PSUR) 
were accessed through the database of the Dutch 
Medicines Evaluation Board to extract information about 
cumulative patient exposure at end of follow-up.

2.2. Data collection

For the included drugs, we accessed their EPARs and 
extracted all regulatory procedures that occurred between 
drug approval and 1 July 2020 and led to regulatory 
actions (Figure 1, inspired by work of Ebbers et al. [43]). 
For each regulatory procedure, we extracted i) a high-level 
description of the type of information that prompted reg
ulatory actions, ii) the decision date, iii) the type of reg
ulatory action(s) (Figure 1), and iv) the number of changes 
in case the regulatory action concerned an SmPC update. If 
any of iii–iv were unclear, we accessed the Union Register 
of medicinal products for human use2 to compare the 
SmPCs before and after the decision and extracted these 
data accordingly.

To limit our study to regulatory actions that reflected 
truly new information concerning benefits and risks, we 
only included SmPC updates that concerned topics that 
were not previously described in that specific section or 
if their description was substantially altered, e.g. updated 
warnings to note that fatal outcomes are possible. Also, we 
only included SmPC updates that reported in vitro or 
pharmacokinetic drug-drug interaction study results if 
these also noted implications or recommendations for clin
ical practice. We did not include SmPC updates that con
cerned (specifications of) clinical recommendations for 
topics already described in that specific section, confirma
tions of previously included information regarding 

Article highlights

● As opposed to previous studies that mainly evaluated post-approval 
regulatory actions that reflected a negative impact on drug risks, we 
provide the first comprehensive evaluation of all impactful post- 
approval regulatory actions that occurred during drug lifecycles, for 
a sample of 40 innovative drugs and over ten years of follow-up.

● We identified five withdrawals for commercial reasons, 14 letters to 
healthcare professionals and 361 label updates.

● While 276 (76%) label updates reflected a negative impact and were 
mainly risk-related, we also identified 85 (24%) that reflected 
a positive impact and were mainly benefit-related, for example new 
or broadened indications, but also included removal of risk-related 
information.

● Of the label updates, 194 (54%) occurred simultaneously with other 
label updates during 85 regulatory procedures. Of these procedures, 
27 highlighted that evidence generated for post-approval drug devel
opment such as new indications simultaneously helped to further 
characterize drug risk profiles.

● Specific patterns in post-approval regulatory actions that reflect 
a positive or negative impact seem to be influenced by levels of 
patient exposure, innovativeness, needs for regulatory learning and 
unexpected risks.

● These findings may support future comprehensive regulatory ana
lyses, stimulate simultaneous regulatory learning about benefits and 
risks, and help identify regulatory needs for evidence generation.
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expected or potential benefits and risks (e.g. concerning 
renally or hepatically impaired patients), study results, 
rewordings, clarifications, or cross-references to other 
SmPC sections.

Since EPARs do not provide information on DHPCs, we 
used European national regulatory authorities’ websites to 
identify relevant DHPCs for the included drugs.3 From each 
DHPC, we extracted i) the DHPC date, ii) a high-level 
description of the type of new information it addressed 
(less detailed than for SmPC updates), and iii) the number 
of key messages it communicated. Regulatory actions due 
to commercial reasons were excluded.

2.3. Categorization of regulatory actions according to 
the impact of new information on benefits and risks

While newly available information may have a positive or 
negative impact on knowledge of drug benefits and risks, 
detailed information is often not publicly available. Instead, 
regulatory actions are indicative of such information since 
they aim to ensure an optimal benefit-risk balance. 
Therefore, we reviewed the content of all changes to the 
marketing authorization, DHPCs and SmPC updates to 
understand what impact on benefits and risks these regula
tory actions reflected. In addition to the impact being 
assessed as positive or negative, it was assessed as impact 
on benefits, defined as impact on the population eligible to 
use the drug and how to use it, or impact on risks, defined 
as safety aspects. This resulted in the following four cate
gories: A) positive impact on benefits, e.g. a broadening of 
the indication; B) positive impact on risks, e.g. a decreased 
frequency of a known ADR; C) negative impact on benefits, 
e.g. a new contraindication; and D) negative impact on risks, 
e.g. a new ADR (Figure 2).

To consistently assess the category that each regulatory 
action belonged to, we created a list of subcategories (Table 
S1). This occurred in an explorative and iterative fashion, by 
creating an initial set of subcategories that were expected to 
be encountered based on input from LTB, MK, JH and AKMT. 
This already included the majority of the subcategories in 
Table S1. Subsequently, when these provided an insufficient 

basis for detailed and consistent assessment, existing subca
tegories were reworded or complemented by new subcate
gories by LTB and MK and agreed by the other authors. 
Examples of new subcategories were ‘Change in posology 
resulting in a reduced patient-burden’ and ‘Change of 
a contraindication into recommendation’. This process was 
repeated until each regulatory action was categorized and 
the subcategories were mutually exclusive.

In case an SmPC update comprised several changes to the 
same SmPC section that were considered to reflect an impact 
on eligible population and use characteristics as well as safety 
aspects (e.g. in case of multiple new interactions listed in the 
respective SmPC section), we categorized this SmPC section as 
the former (A or C). In case changes reflected both a positive 
and a negative impact (this only occurred in case of multiple 
updates to the SmPC section on ADRs, i.e. ‘Undesirable 
effects’), we categorized the updated SmPC section according 

Figure 1. Potential regulatory actions, ordered according to the impact on benefits and risks.
Red text indicates per definition a negative impact on benefits and risks, orange text indicates either a positive or negative impact  
ADR, adverse drug reaction; DHPC, Direct Healthcare Professional Communication; SmPC, Summary of Product Characteristics 

Figure 2. Categories used to assess a positive or negative impact on benefits 
and risks reflected by regulatory actions.
ADR, adverse drug reaction 
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to the most often occurring category. This way, each regula
tory action was assessed by two researchers (LTB and MK). This 
ensured discussion about regulatory actions that were poten
tially difficult to categorize, which was predominantly the case 
for SmPC updates to the interactions section. There, we 
needed to establish the effect of the interaction on exposure 
to the drugs involved, and consequently their efficacy and/or 
safety (Table S1).

2.4. Data analysis

First, we used descriptive statistics to describe the cohort of 
drugs with regard to drug and regulatory characteristics as 
well as the regulatory actions that these drugs underwent 
during follow-up, and the type of information that prompted 
regulatory actions. Second, we categorized all regulatory 
actions according to the approach discussed above. Third, 
we described relations between regulatory actions, i.e. simul
taneous updates within the same procedure. Last, we scruti
nized individual drug lifecycles to identify time-variant 
characteristics that may typically play a role in specific pat
terns of regulatory actions, based on cohort characteristics, 
EPARs, previous research, and our own regulatory experience. 
For this analysis, we took into account the most significant 
regulatory actions, i.e. all but the ‘other SmPC updates’ listed 
in Figure 1.

3. Results

3.1. Description of the cohort

We included 40 drugs that were approved by EMA in 2009 and 
2010 (Table 1). Of these, five were later withdrawn by the com
pany – all because of commercial reasons: autologous cartilage 
cells (brand name ChondroCelect), catumaxomab (Removab), 
collagenase Clostridium histolyticum (Xiapex), ofatumumab 
(Arzerra) and rilonacept (Rilonacept Regeneron). The remaining 

drugs were followed until 1 July 2020, resulting in a median 
follow-up of 10.5 years (interquartile range 9.8–10.8 years).

3.2. Occurrence of regulatory actions and their impact 
on benefits and risks

During the study period, there were no revocations, suspen
sions, withdrawals (apart from the five because of commercial 
reasons discussed above) or non-renewals. However, we iden
tified 14 DHPCs that had been distributed after new informa
tion with negative impact on benefits and risks had come 
available. Of these, one mainly had a negative impact on the 
eligible population and use characteristics, i.e. it communi
cated restrictions of the indication and new contraindications 
for dronedarone (Multaq) following a referral procedure. In 
addition, it communicated new warnings with regard to liver 
injury, lung toxicity and cardiovascular risk. Another DHPC also 
for dronedarone communicated that an increased cardiovas
cular risk had been observed in a study in a non-approved 
indication, which did not lead to an SmPC update but 
informed the start of the referral procedure. The remaining 
12 DHPCs communicated (clinical recommendations for) one 
or two safety issues. Of these, another also concerned drone
darone. Six concerned denosumab (Prolia), ofatumumab and 
tolvaptan (Samsca) – two for each product. Five concerned 
epoetin theta (Eporatio), pazopanib (Votrient), regadenoson 
(Rapiscan), saxagliptin (Onglyza), and vernakalant 
(Brinavess) – one for each product. These 12 DHPCs often 
led to an update of SmPC sections concerning posology and 
administration, warnings and precautions and/or ADRs. 
However, these SmPC updates were not all included in our 
study because some concerned (specifications of) clinical 
recommendations for topics already described in that SmPC 
section.

We also identified 266 regulatory procedures during 
which 361 SmPC sections had been updated with new 
information concerning benefits and risks. Of these 361 
updates, 276 were considered to reflect a negative impact 
on benefits and risks (76%) and 85 to reflect a positive 
impact (24%). The updates most frequently concerned the 
ADR section (155, 43%), followed by the warnings and pre
cautions section (85, 24%). For these sections, the majority 
of updates was considered to reflect a negative impact 
because it concerned new ADRs or increased frequencies 
of previously known ADRs (152/155, 98%), or new warnings 
or precautions (75/85, 88%), respectively. Another frequently 
updated SmPC section was the indications section (50, 
14%), for which the majority of updates was considered to 
reflect a positive impact because it concerned new or broa
dened indications (48/50, 96%). Furthermore, while most 
updates to SmPC sections implemented one change to 
that specific section (252, 70%), in 109 instances (30%) 
two or more changes were implemented. These latter 
mostly concerned the ADR (81/109, 74%) and the warnings 
and precautions sections (18/109, 17%). A complete over
view of all regulatory actions (DHPCs and updated SmPC 
sections) and their categorization according to impact on 
benefits and risks is provided in Table 2. In addition, an 
overview of the type of information that prompted the 

Table 1. Cohort characteristics.

Characteristic Drugs (N = 40)

Drug characteristics
Drug type
Small molecule 24 60%
Biological/ATMP 16 40%
Therapeutic area
Cancer treatment 6 15%
Cardiovascular treatment 4 10%
Immunosuppressive treatment 5 13%
Musculoskeletal disorder treatment 4 10%
Other treatmenta 21 53%
Regulatory characteristics
Approval pathway
Standard approval 34 85%
Approval under exceptional circumstances 3 8%
Conditional approval 3 8%
Orphan designation at approval 9 23%
Other characteristics
Cumulative patient exposure at end of follow-up  

Median patient-years  
interquartile range

132,215  
19,317–1,166,667

ATMP, advanced therapy medicinal product 
aMultiple categories consisting of three or fewer drugs, e.g. antibacterial vac

cines, sex hormones and related treatment. 
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regulatory actions is provided in Table S2, according to the 
impact on benefits and risks.

3.3. Relations between SmPC updates

Looking closer into the occurrence of the 361 SmPC updates, 
we observed that during 85 of 266 regulatory procedures 
(32%) multiple SmPC sections were updated simultaneously. 
During the majority of these procedures (68, 80%), two SmPC 
sections were updated simultaneously, while during 17 proce
dures (20%), three or more SmPC sections were updated. In 

total, 194 of 361 updates to SmPC sections (54%) occurred 
simultaneously with at least one other SmPC section. Of these, 
44 reflected a positive impact on benefits and risks and 150 
reflected a negative impact, i.e. 52% and 54%, respectively, of 
all updated SmPC sections that reflected a positive or negative 
impact. Figure 3 illustrates for each SmPC section the number 
and proportion of updates that occurred simultaneously with 
updates to other sections, the impact reflected by these 
updates and the relations between the sections.

Of the 85 regulatory procedures that led to simultaneous 
updates to SmPC sections, 55 (65%) concerned updates that 
only reflected a negative impact. Of these, 30 procedures led 
to a simultaneous update to the warnings and precautions 
section and the ADR section – the most commonly observed 
combination. The procedure that led to the most SmPC 
updates was the referral for dronedarone discussed earlier, 
which led to restrictions of the indication, new contraindica
tions, new warnings in the posology and administration as 
well as the warnings and precautions section, and new ADRs.

The remaining 30 procedures (35%) concerned simulta
neous updates that either reflected only a positive impact on 
benefits and risks, or a combination of positive and negative 
impact. Apart from one procedure during which interactions 
and a warning about interactions were removed for ulipristal 
acetate (ellaOne), all these procedures were initiated by study 
results that supported a new or broadened indication or an 
update of posology and/or administration characteristics. 
While 2 procedures only concerned these aspects, 27 proce
dures also led to changes in ADRs, warnings and precautions 
and/or other risk-related SmPC sections, indicating an impor
tant role for further post-approval drug development in char
acterizing drug risk profiles. This does not always have to 

Table 2. Overview of regulatory actions that reflected a positive or negative 
impact on benefits and risks.

Type of regulatory 
action Positive impact Negative impact

Total 
(N = 375)

Benefits 
(A)

Risks 
(B)

Benefits 
(C)

Risks 
(D)

DHPCs – – 1 13 14 4%
SmPC updates 73 12 14 262 361 96%
Indications 48 – 2 – 50 14%a

Posology, 
administration

16 3 2 4 25 7% a

Contraindications 2 – 5 – 7 2% a

Warnings, precautions 4 6 1 74 85 24% 
a

Interactions 3 – 4 22 29 8% a

Fertility, pregnancy, 
lactation

– – – 3 3 1% a

Driving, using machines – – – 5 5 1% a

Undesirable effects 
(ADRs)

– 3 – 152 155 43% 
a

Overdose – – – 2 2 1% a

ADR, adverse drug reaction; DHPC, Direct Healthcare Professional 
Communication; SmPC, Summary of Product Characteristics 

aPercentage of all 361 SmPC updates 

Figure 3. Overview of updates to SmPC sections during the same regulatory procedure (194/361).
Numbers, percentages, the width of the connections and the size of the circles indicate for each SmPC section the updates that occurred simultaneously with an update to one or more 
other section(s) 

ADR, adverse drug reaction; SmPC, Summary of Product Characteristics 
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become more negative, e.g. a new indication for liraglutide 
(Victoza) also led to a less restrictive warning regarding 
patients with congestive heart failure, and the broadening of 
the indication of prucalopride (Resolor) to use in men led to 
removal of a warning that use in men was not recommended 
due to a lack of efficacy and safety data. Similarly, a new 
indication for golimumab (Simponi) led to multiple ADR fre
quencies being decreased based on the new study data. 
Lastly, such procedures may even positively impact contra
indications, as illustrated by moderate hepatic impairment 
no longer being contraindicated based on study data support
ing a new indication for ticagrelor (Brilique).

3.4. Identification and characterization of typical drug 
lifecycles

In Figure 4, we plotted all 40 drug lifecycles according to the 
most significant regulatory actions (Figure 1) that reflected 
positive (vertical axis) versus negative (horizontal axis) impact 
on benefits and risks. We identified several typical drug life
cycles that seem to undergo specific patterns of regulatory 
actions. These are characterized by levels of post-approval 
patient exposure, innovativeness, need for further regulatory 
learning and unexpected risks. First, the level of post-approval 
patient exposure seems to play an important role in the 
occurrence of regulatory actions, thereby facilitating further 
development or learning about a drug. Of the 17 drugs that 
underwent up to two regulatory actions, eight (47%) had one 
or more specific characteristics that are often suggestive of 
low patient exposure, i.e. orphan designation (5/9 orphan 
drugs), market withdrawal (4/5 withdrawn drugs – all except 
ofatumumab, which was withdrawn to be remarketed in 
another disease area [44,45]), and approval under exceptional 
circumstances (2/3 exceptionally approved drugs). The latter 
approval pathway is applicable only when little evidence is 

available at approval and not expected to be supplemented 
post-approval. The patient exposure data from PSURs support 
these observations: of the 13 drugs (33%) with the lowest 
patient exposure, 11 underwent a maximum of two regulatory 
actions, including those discussed earlier.

Second, the level of drug innovativeness also seems to play 
a role in the occurrence of regulatory actions, in various ways. 
For instance, five of the remaining six drugs that also under
went up to two regulatory actions but were exposed to sub
stantially more patients, were of a drug class that had been 
available for many years. These are asenapine (Sycrest, an 
atypical antipsychotic), bazedoxifene (Conbriza, a selective 
estrogen receptor modulator), epoetin theta, indacaterol 
(Onbrez Breezhaler, a long-acting inhaled β2-agonist), and 
silodosin (Urorec, an α1-adrenoceptor antagonist). This reflects 
limited innovativeness and relevant knowledge about efficacy 
and safety may have already been available or expected and 
addressed in the SmPC at initial approval. In contrast, higher 
innovativeness may be reflected by further post-approval drug 
development, including conditional approval as a special case, 
and initiate many regulatory actions. These include drugs for 
which multiple truly new indications are approved after initial 
approval as well as drugs for which the initial indication is 
progressively broadened toward ‘blockbuster’ status. The first 
group includes for example the anti-inflammatory monoclonal 
antibodies canakinumab (Ilaris), certolizumab (Cimzia) and 
golimumab. Canakinumab’s initial approval under exceptional 
circumstances was – highly exceptional – later converted to 
a standard approval when comprehensive evidence had come 
available. This was due to evidence supporting three new 
indications in gouty arthritis, systemic juvenile idiopathic 
arthritis and periodic fever syndromes, as well as two exten
sions of existing indications. Similarly, for certolizumab and 
golimumab, also various new and extended indications were 
approved, four and five, respectively. The second group 

Figure 4. Characterization of drug lifecycles according to most significant regulatory actions that reflected a positive versus negative impact on benefits and risks.
A: besilesomab, rilonacept, silodosin, velaglucerase alfa; B: amifampridine, autologous cartilage cells, epoetin theta, indacaterol, vernakalant; C: gefitinib, pirfenidone; D: bazedoxifene, 
catumaxomab; E: asenapine, aztreonam, collagenase Clostridium histolyticum, plerixafor, roflumilast; F: prucalopride 

* pneumococcal vaccine 1 indicates Prevenar 13, pneumococcal vaccine 2 indicates Synflorix 
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includes for example the antidiabetics liraglutide and saxaglip
tin. These both saw their initial indications progressively broa
dened to new combination regimens, lines of treatment and 
age groups. In line with our general findings discussed earlier, 
the further drug development of these five drugs also enabled 
further characterization of safety profiles, with several warn
ings added to their SmPCs – most after new or extended 
indications were approved. These drugs’ lifecycles confirm 
that relevant regulatory learning is conditional on sufficient 
patient exposure. However, the relatively limited number of 
regulatory actions reflecting a negative impact on benefits 
and risks suggests that baseline uncertainty at initial approval 
was quite low. This is different for the drugs that received 
conditional approval, i.e. ofatumumab and pazopanib, indicat
ing that less comprehensive evidence was available at initial 
approval. While further post-approval drug development ulti
mately led to extensions of the indication and other SmPC 
updates that reflect a positive impact, it also led to various 
warnings as well as DHPCs. This supports the expectation that 
baseline uncertainty is much higher for drugs that received 
conditional instead of standard approval, and underscores the 
need for ‘regulator-induced learning’ through obligations to 
generate further evidence post-approval.

Last, the frequent occurrence of risks without clear factors 
that drive their occurrence may define another type of drug 
lifecycle. This constitutes extensive unexpected post-approval 
characterization of the drug risk-profile without significant 
drug development efforts, up to the point that the initial 
approval decision may be reconsidered. One may describe 
these as potential regulatory type I errors. For example, for 
dronedarone, three DHPCs were distributed (21% of all DHPCs 
sent for this cohort), the indication was restricted to last-line 
treatment and a cautionary note concerning use by the 
elderly, contraindications and new warnings were added. It 
was the only drug in our cohort that underwent a referral for 
safety reasons, and we did not identify any regulatory actions 
that reflected a positive impact on benefits and risks. Although 
the benefit-risk balance in the broader initial indication was 
thus considered negative, it is currently considered a valuable 
therapeutic option in a strictly limited setting – mainly 
because its safety profile is still better than that of the more 
efficacious alternative drug amiodarone [46].

4. Discussion

We aimed to perform an in-depth evaluation of regulatory 
actions during the drug lifecycle, taking into account regula
tory actions that reflected positive and negative impact on 
benefits and risks, and the relations between them. During 
more than ten years of follow-up of 40 innovative medicines, 
14 DHPCs were distributed that reflected a negative impact on 
benefits and risks. Also, 361 SmPC sections were updated, of 
which 24% reflected a positive impact and 76% a negative 
impact on benefits and risks. Of these updates, 54% occurred 
simultaneously with at least one update to another SmPC 
section. Lastly, we found that levels of post-approval patient 
exposure, innovativeness, needs for further regulatory learning 

and unexpected risks may play a role in the occurrence of 
specific patterns of regulatory actions during a drug lifecycle.

Our findings that almost one-fourth of SmPC updates 
reflected a positive impact on benefits and risks and that 
more than half were updated simultaneously are important, 
for several reasons. First, the former highlights that safety- 
related regulatory actions may also reflect a positive impact 
on risks, as exemplified by 12 regulatory actions in our study 
such as removed warnings and ADRs. We encountered one 
other study that previously reported a similar finding [19], 
while many others only reported safety-related regulatory 
actions that reflect a negative impact. Second, they highlight 
the relative importance of regulatory actions that reflect 
a positive impact on benefits. These 73 regulatory actions 
formed one-fifth of all regulatory actions and mostly con
cerned new or broadened indications or an update of posol
ogy and/or administration characteristics. These were 
especially important given their frequent role in the further 
characterization of risks, with 27 leading to changes in ADRs, 
warnings and precautions and other risk-related sections, 
including changes that reflected a positive impact on risks. 
One previous study reported a similar finding [24].

These findings are of relevance to researchers and regula
tors, but also to healthcare professionals and patients. First, 
they may prompt researchers to investigate a broader range of 
regulatory outcomes than is often studied as well as relations 
between them, or discuss their findings in this broader con
text. As a consequence, such studies may better reflect reg
ulatory practice and inform their public; other researchers, 
clinicians and regulators. Second, these findings may prompt 
regulators to stimulate simultaneous learning about benefits 
and risks. Although regulators typically have a greater influ
ence on the generation of risk-related evidence, e.g. through 
requests for monitoring in PSURs and post-authorization 
safety studies (PASS) [47], they may influence the generation 
of benefit-related evidence through post-authorization effi
cacy studies (PAES). These include so-called ‘specific obliga
tions’ for e.g. conditionally [48] and exceptionally [49] 
approved drugs, but may also be requested for other drugs 
[50]. Such PAESs also form an opportunity for further charac
terization of risks. Similarly, when companies request scientific 
advice on how to study a new or broadened indication, new 
pharmaceutical form or new method of administration, further 
characterization of risks can also be stimulated. Lastly, our 
findings confirm that by reporting their observations during 
clinical practice and daily use, healthcare providers and 
patients play an important role in the continuous regulatory 
learning process about drug risks, but also about benefits.

The drug lifecycle characteristics post-approval patient 
exposure [24,35], innovativeness [24,34,39], and need for 
further regulatory learning [19,32,40] have also previously 
been highlighted as factors that are associated with regulatory 
actions. They may help regulators to plan regulatory measures, 
including those discussed above. Currently, these characteris
tics are used to e.g. define the European PSUR submission 
frequency. By default, once a drug is marketed in Europe, 
PSURs are submitted every six months for two years, then 
every year for two years, and then every three years [51]. 
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However, regulators may deviate from this schedule using 
a risk-based approach that comprises, among others, the fol
lowing criteria: ‘size of the safety database and exposure to 
the medicinal product,’ ‘new product for which there is limited 
safety information available,’ ‘significant changes to the pro
duct (e.g. new indication (. . .), new pharmaceutical form or 
route of administration (. . .)),’ ‘medicinal products subjected 
to additional monitoring’ [52]. This last group of medicines 
also includes those that received conditional approval or 
approval under exceptional circumstances [53]. Our findings 
support these criteria, which could potentially also be used to 
define the need for other regulatory tools, such as the electro
nic Reaction Monitoring Report (eRMR) used for signal detec
tion [54]. Moreover, where regulators play an active role in 
further learning about benefits through e.g. PAESs, similar 
criteria could help to define the need for simultaneous char
acterization of the safety profile.

Our study was the first to comprehensively assess all reg
ulatory actions that occurred during a long period of follow-up 
of EMA-approved innovative drugs, and assess relations 
between them. The findings can improve the methodology 
and interpretation of future studies that evaluate regulatory 
decision-making, and regulatory actions specifically. While 
manual extraction and categorization of the data were highly 
resource intensive, future studies could employ data science 
methods to perform these tasks. In addition, our findings may 
help regulators to plan and implement regulatory measures. 
However, our study also had several limitations. First, we 
assessed the occurrence of regulatory actions for a relatively 
small sample of 40 innovative drugs that were approved 
relatively long ago. Although the results provide important 
insights in regulatory decision-making that are relevant for 
researchers and regulators in general, our specific findings 
may not be generalizable to every cohort of drugs. Future 
studies may thus use and perhaps expand our categorization 
and analyses for other drugs. Second, we performed an assess
ment of European post-approval regulatory actions for inno
vative drugs. We do not expect that these are substantially 
different in other jurisdictions such as the United States. 
However, regulatory actions in one jurisdiction may play 
a role in the occurrence of regulatory actions in other jurisdic
tions. Future studies may thus employ a multi-jurisdiction 
perspective to evaluate these relations. Third, our unit of 
analysis comprised the number of regulatory actions that 
were encountered during each regulatory procedure, includ
ing DHPCs, rather than the precise number of issues addressed 
during each regulatory procedure. This mainly affected the 
ADR section that underwent most updates involving two or 
more changes. However, we considered that counting these 
changes as separate updates would skew our analysis of 
simultaneously occurring SmPC updates, which we found 
most important to assess in detail. Fourth, EPARs often pro
vided limited to no details about specific information that led 
to regulatory actions, which required us to interpret reflected 
impact on benefits or risks. Specifically, we may have categor
ized regulatory actions as reflecting negative impact on ben
efits since they concerned the eligible population and use 
characteristics, while it would have been more correct to 
categorize these as reflecting negative impact on risks since 

they formally occurred due to safety issues. However, these 
concern only 15 regulatory actions that definitely reflected 
a negative impact, whether on benefits or risks, and thus did 
not impact any other results.

4.1. Conclusions

In conclusion, we identified 375 regulatory actions – 14 DHPCs 
and 361 SmPC updates – that occurred for 40 EMA-approved 
innovative drugs during more than ten years of follow-up. Of 
the SmPC updates, 24% reflected a positive and 76% 
a negative impact on benefits and risks. Moreover, simulta
neous learning about benefits and risks suggests an important 
role for drug development in characterization of risks. Lastly, 
we found that the drug lifecycle characteristics post-approval 
patient exposure, innovativeness, need for further regulatory 
learning and unexpected risks play a role in the occurrence of 
specific patterns of regulatory actions. These findings may 
support the methodology and interpretation of future com
prehensive regulatory analyses, and impact regulatory deci
sion-making by stimulating simultaneous regulatory learning 
about benefits and risks. Also, they may help to define the 
need for further evidence generation.

Notes

1. www.ema.europa.eu
2. http://ec.europa.eu/health/documents/community-register/html/ 

index_en.htm
3. See https://www.ema.europa.eu/en/human-regulatory/post- 

authorization/pharmacovigilance/direct-healthcare-professional- 
communications for an overview of national regulatory authorities’ 
web pages where information on DHPCs is published
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