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ABSTRACT

Additional risk minimization measures (aRMMs) are crucial in the European regulatory framework to enhance pharmaceutical safety when routine 
risk management strategies are inadequate. These measures are implemented when a medicinal product poses risks such as severe adverse reactions, 
misuse, or teratogenicity, which cannot be adequately controlled through standard pharmacovigilance processes. In Europe, the European Medicines 
Agency (EMA) plays a central role in overseeing the development, implementation, and monitoring of aRMMs, ensuring that these strategies are both 
effective and compliant with European Union (EU) pharmacovigilance legislation. While prior reviews have examined pharmacovigilance strategies, 
gaps remain in assessing the real-world implementation challenges of aRMMs, their regulatory effectiveness, and their impact on healthcare 
systems and patient access. Current regulatory reviews have not comprehensively addressed the evolving complexities of compliance with EU 
pharmacovigilance legislation, particularly in balancing stringent safety requirements with practical drug accessibility. This review bridges these 
gaps by analyzing the regulatory framework governing aRMMs, including legal mandates for risk management plans, post-marketing surveillance 
strategies, and ongoing safety monitoring through registries and studies. By offering a novel perspective on optimizing aRMM implementation and 
identifying areas for regulatory enhancement, this review contributes to a more comprehensive understanding of risk minimization strategies. It 
stresses the necessity for continuous evaluation and adaptation to ensure that pharmaceutical benefits outweigh risks while maintaining accessibility.
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INTRODUCTION

In Europe, the safeguarding of pharmaceutical products remains 
a paramount concern for regulatory bodies such as the European 
Medicines Agency (EMA) and national competent authorities (NCAs). 
While routine pharmacovigilance activities, including the monitoring of 
adverse drug reactions and post-market surveillance, are fundamental 
to ensuring drug safety, there are instances where supplementary risk 
minimization strategies are deemed necessary to mitigate residual 
risks associated with certain medicinal products. These additional 
measures are typically mandated by the EMA or relevant national 
regulatory agencies, and their implementation is contingent on the 
specific risks identified during clinical trials or the post-marketing 
phase of a product’s lifecycle [1].

Pharmaceutical risk minimization measures (RMMs) encompass a 
range of strategies and actions employed by regulatory authorities and 
pharmaceutical companies to mitigate the potential risks associated with 
the utilization of a medicinal product [2]. These measures form an integral 
component of the broader pharmacovigilance framework and are designed 
to ensure that the therapeutic benefits of a drug remain outweighed by its 
risks once it is introduced to the market and administered to the general 
populace. The primary aim of risk minimization is to guarantee the safe and 
effective use of pharmaceutical agents by identifying and addressing risks 
that may not have been fully recognized during clinical trials or that arise 
subsequently on the drug’s use in a more expansive and heterogeneous 
population. Such risks may include adverse drug reactions (ADRs), drug-
drug interactions, misuse, abuse, and specific safety concerns pertinent to 
vulnerable patient groups [3].

This review aims to provide a comprehensive analysis of additional 
risk minimization measures (aRMMs) within the European regulatory 

framework, evaluating their implementation challenges, regulatory 
effectiveness, and impact on healthcare systems and patient access [4]. 
It examines various risk minimization strategies, including routine and 
additional measures, while exploring the EMA’s role in overseeing their 
regulation and monitoring. The review investigates legal mandates 
for risk management plans (RMPs), post-marketing surveillance 
strategies, and real-world challenges such as compliance complexities 
and healthcare system integration. It contrasts European Union (EU) 
risk management strategies with those in the United States, assesses 
existing tools for risk evaluation, and discusses optimization strategies 
to enhance patient safety. Finally, it proposes recommendations to 
improve aRMM implementation, ensuring a balance between stringent 
safety requirements and practical drug accessibility [5].

METHODS

A systematic approach was employed to gather relevant literature 
and regulatory information through various online platforms and 
databases. Several search engines and academic resources, such as 
Science Direct, Google Scholar, and others, were utilized to obtain peer-
reviewed articles, research studies, and academic papers pertinent to 
the topic. In addition to scholarly articles, online books and e-books 
served as valuable sources of supplementary information, offering in-
depth perspectives on pharmaceutical safety, regulatory frameworks, 
and risk management strategies. Furthermore, authoritative 
regulatory websites were thoroughly examined to ensure the 
inclusion of current and comprehensive guidelines. Notably, the EMA 
website was a central repository for official documents, offering direct 
access to crucial resources regarding pharmaceutical regulation and 
RMMs. Specific regulatory documents accessed from these websites 
included:
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EMA official website
Access to the latest updates on regulatory practices, guidelines, and 
pharmacovigilance activities related to medicinal products was obtained 
from the EMA’s official portal (https://www.ema.europa.eu/en). This 
website provides a wealth of information on drug safety, approval 
processes, and post-market surveillance initiatives within the EU.

EMA risk management guidelines
Detailed review of the EMA’s pharmacovigilance guidelines, such as 
Directive 2010/84/EU and Regulation (EC) No  1235/2010, which 
provide the legal framework for risk minimization strategies for 
medicinal products in Europe. These documents offer critical insights 
into the legal requirements and regulatory obligations surrounding 
risk management, detailing the necessary steps for the development 
and implementation of RMPs, post-marketing surveillance, and aRMMs.

By consulting these resources, a comprehensive understanding of the 
regulatory environment and best practices for risk management in the 
pharmaceutical industry was achieved, facilitating an informed and 
well-rounded analysis of the subject matter.

COMPREHENSIVE RISK MANAGEMENT IN PHARMACEUTICAL SAFETY

Risk assessment in pharmaceuticals is an essential process aimed at 
identifying, evaluating, and managing the potential risks associated with 
a drug throughout its lifecycle. The process begins with risk identification, 
which entails recognizing possible hazards such as adverse drug reactions, 
drug interactions, misuse, or long-term effects. Risk characterization 
follows, focusing on the nature, severity, and frequency of these risks, 
particularly in relation to specific patient populations or conditions. This is 
followed by risk evaluation, where the identified risks are weighed against 
the therapeutic benefits of the drug to determine whether the benefits 
justify the potential harms. If risks are deemed significant in aRMMs, 
aRMMs, such as labeling modifications, restricted distribution, or enhanced 
clinical monitoring, may be instituted [6,7]. Risk monitoring continues 
post-market, leveraging surveillance systems to detect emerging adverse 
events that were not observed during clinical trials [8]. The overarching 
goal of risk assessment is to safeguard patient safety by balancing 
therapeutic efficacy with potential harm, ensuring ongoing risk mitigation 
as new data becomes available. Risk communication, a pivotal element 
of pharmacovigilance, refers to the process of disseminating information 
about the risks associated with a drug to healthcare professionals (HCPs), 
patients, and the public, emphasizing the importance of understanding the 
risks, their likelihood, and the necessary actions to mitigate them [9]. This 
can take various forms, including product labeling, patient information 
leaflets (PILs), HCP training, and safety alerts. The effectiveness of risk 
communication lies in its ability to provide clear, transparent, and timely 
information, enabling informed decisions by healthcare providers and 
ensuring that patients are equipped to use the medication safely. Risk 
minimization strategies are actions taken when routine risk management 
measures are insufficient, particularly for drugs with serious identified 
risks. These strategies may involve restricting distribution to specific 
settings or prescribers, requiring specialized healthcare provider training, 
or implementing mandatory monitoring programs for patients. For 
drugs with teratogenic risks, such as isotretinoin, pregnancy prevention 
programs (PPPs) may be enforced, including mandatory pregnancy testing 
and contraception use [10]. Other strategies include establishing patient 
registries to monitor long-term safety, limiting drug use to particular 
populations, and ensuring clear communication regarding safe medication 
usage. Tailored to the specific risk profiles of individual drugs, these 
strategies are designed to ensure that the benefits of the medication 
outweigh the risks when appropriately managed.

RMMs CAN BE CATEGORIZED INTO TWO BROAD CATEGORIES

RMMs: Routine and additional approaches in pharmaceutical 
safety
Routine RMMs
Routine RMMs represent standardized and widely adopted strategies 
designed to mitigate the risk of adverse events across the majority 

of pharmaceutical products [11]. These measures are embedded in 
regulatory frameworks and serve as essential tools in ensuring patient 
safety throughout a drug’s lifecycle.

Labeling/package insert
The labeling and package insert serve as primary communication 
tools, providing critical information about the drug’s potential risks, 
contraindications, and instructions for safe use [12]. These documents 
are required by regulatory authorities and are essential for both 
healthcare providers and patients to understand the therapeutic profile 
and potential dangers associated with a medication. Labeling also 
includes specific warnings and precautions to minimize misuse and 
adverse effects.

PILs
These leaflets offer detailed instructions and safety information tailored 
to the patient’s understanding, ensuring they are well-informed about 
proper medication usage, potential side effects, and what to do in case 
of adverse reactions. By providing clear, comprehensible instructions, 
PILs serve as a vital tool for enhancing patient safety, promoting 
adherence to prescribed regimens, and preventing harm caused by 
improper use [13].

HCP communication
This category includes structured communications such as safety 
alerts, clinical guidelines, and prescriber recommendations that are 
disseminated to HCPs [14]. These communications are crucial in 
guiding practitioners on how to safely prescribe and monitor the use 
of a drug, ensuring that they are well-equipped to manage any potential 
risks associated with its use. Regular updates, advisories, and best 
practice recommendations help to maintain safety standards in clinical 
settings and foster informed decision-making.

aRMMS
aRMMs are implemented when routine risk management strategies are 
insufficient to address specific risks associated with a particular drug. 
These measures are generally more tailored and proactive, designed 
to mitigate severe or unique risks that routine risk minimization 
cannot effectively control. The implementation of aRMMs is often 
triggered when there is evidence suggesting that a drug presents 
significant hazards, such as severe adverse reactions, teratogenicity, 
misuse, or other risks that may not be fully mitigated through standard 
pharmacovigilance measures [15]. These targeted interventions may 
include the restriction of drug distribution to specific healthcare settings 
or prescribers, thereby ensuring that only qualified professionals are 
responsible for its prescription. In some cases, specialized training 
programs for healthcare providers are mandated to ensure that 
they are fully equipped to recognize, monitor, and manage the risks 
associated with the drug. aRMMs may include the establishment of 
patient registries, which are used to monitor long-term safety data 
and provide additional insights into adverse events that may not have 
been identified during clinical trials [16]. In some cases, mandatory 
monitoring programs may be introduced to track patient health 
outcomes and detect any emerging side effects. Ultimately, aRMMs are 
designed to bridge the gap between routine risk management and more 
complex, drug-specific risks, ensuring that patient safety is upheld 
through enhanced regulatory oversight and tailored intervention 
strategies.

aRMMS IN EUROPE
In the EU, the imposition of aRMMs is mandated when a medicinal 
product is deemed to present an elevated level of risk to patient 
safety. These measures are an integral component of the RMP, a 
comprehensive document that must be submitted by the marketing 
authorization holder (MAH) to the EMA or the relevant competent 
authority, depending on the specific regulatory procedures under 
which the product is approved [17]. The RMP serves as a framework 
for the systematic assessment, identification, and mitigation of 
potential risks associated with medicinal products throughout their 
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lifecycle. The principal objective of aRMMs is to mitigate serious and 
identified risks that cannot be sufficiently controlled through routine 
pharmacovigilance practices alone. These routine practices typically 
include monitoring ADRs, conducting post-market surveillance, and 
employing risk communication strategies. However, certain products, 
particularly those with complex safety profiles or novel therapeutic 
mechanisms, may necessitate more stringent and tailored interventions 
to ensure that the benefit-risk balance remains favorable for patients. 
aRMMs may encompass a range of strategies, including but not limited 
to restricted distribution systems, risk communication plans (RCPs), 
additional labeling requirements, or mandatory patient monitoring 
programs [18]. The specific nature and scope of these measures are 
determined based on a thorough risk assessment conducted during the 
clinical development phase and continuously updated throughout the 
post-marketing period. As part of the regulatory oversight process, the 
EMA or the competent national authorities evaluate the effectiveness 
of these aRMMs, ensuring that they are appropriately designed and 
implemented to mitigate risks while facilitating patient access to 
essential therapies. Thus, aRMMs represent a critical tool in the broader 
pharmacovigilance and risk management framework, designed to 
safeguard public health and maintain therapeutic efficacy [19].

TYPES OF ARMMS IN THE EU

The specific aRMMs may vary depending on the nature of the risk, but 
they generally involve one or more of the following:

RCPs
In the EU, RCPs represent a critical component of a medicinal product’s 
broader RMP, particularly for pharmaceuticals associated with 
significant safety concerns. These plans are meticulously developed 
to ensure that HCPs, patients, and other relevant stakeholders are 
adequately apprised of the inherent risks associated with a given 
medicinal product, as well as the corresponding strategies necessary 
to mitigate such risks. Typically, these plans encompass a diverse 
array of communication strategies, including the updating of 
product labeling, the distribution of comprehensive PILs, and direct 
correspondence with healthcare providers, such as safety alerts and 
risk communication letters [20]. A well-constructed RCP incorporates 
several pivotal elements, including the identification of the target 
audience, the customization of messaging to address the specific risk 
profile of the product, the selection of appropriate communication 
channels, and the assurance of the timely and effective distribution 
of safety-related information. Moreover, the evaluation of the efficacy 
of these communication efforts is essential to confirm that the 
intended audience not only receives but also comprehends the risk-
related information. Regulatory oversight by the EMA and national 
regulatory authorities plays an indispensable role in ensuring that risk 
communications are disseminated to the appropriate recipients and are 
conveyed in a manner that promotes the safe and informed use of the 
medicinal product [21].

Restricted distribution systems
These systems are designed to circumscribe the availability 
or accessibility of a pharmaceutical agent to select healthcare 
environments, prescribing professionals, or specific patient 
populations, thereby ensuring its prudent and controlled utilization. 
For instance, a drug with significant risks, such as teratogenicity 
or the potential for severe adverse effects, may be dispensed 
exclusively through specialized hospitals, pharmacies, or clinicians 
who have undergone rigorous training to ensure the drug’s safe 
administration [22]. In some instances, patients may be required to 
participate in a specific enrollment program or fulfill predefined criteria 
before being granted access to the medication. Restricted distribution 
systems serve as a critical safeguard, minimizing the exposure of high-
risk groups, facilitating the implementation of rigorous monitoring 
protocols, and preventing the potential for misuse or inappropriate 
overuse [23]. These systems are meticulously outlined in the RMP 
submitted by the MAH and necessitate approval from regulatory bodies 

such as the EMA or other competent authorities. The primary objective 
of these systems is to ensure that the therapeutic benefits of the drug 
outweigh its associated risks, even when prescribed and utilized under 
highly controlled conditions. Examples of such systems include Risk 
Evaluation and Mitigation Strategies in the United States and restricted 
access programs implemented across Europe [24].

Patient and HCP education
Specialized training programs for healthcare providers are essential to 
ensure the safe prescribing and monitoring of pharmaceutical products, 
particularly those associated with significant risks. These programs are 
designed to impart in-depth knowledge regarding the pharmacological 
characteristics of the drug, its potential adverse effects, and the requisite 
monitoring protocols to identify and manage any complications that 
may arise during treatment. Such training is crucial for equipping HCPs 
with the necessary skills to make informed decisions, recognize early 
signs of adverse reactions, and implement appropriate interventions 
when required. In tandem with healthcare provider education, patient 
education initiatives play a pivotal role in safeguarding therapeutic 
outcomes, particularly in cases where medications demand meticulous 
monitoring or self-administration [25]. These educational programs 
are structured to inform patients about the inherent risks of the drug, 
appropriate usage instructions, and essential precautions to mitigate 
potential harm [26]. Information is typically disseminated through 
a variety of channels, including PILs, risk communication letters, and 
dedicated counseling sessions. These resources provide patients 
with comprehensive guidance on the drug’s administration, warning 
signs of adverse effects, and the necessary steps to take in the event 
of an emergency. Such educational efforts not only enhance patient 
adherence to prescribed regimens but also foster a collaborative 
approach to healthcare where both patients and providers are vigilant 
and informed. Regulatory authorities, including the EMA and national 
bodies, often mandate these educational initiatives as a requisite 
component of the RMP for certain medications, particularly those with 
complex or high-risk safety profiles, ensuring that both healthcare 
providers and patients are adequately prepared to manage the drug’s 
risks effectively [27].

PPPs
Certain pharmaceuticals associated with teratogenic risks – those 
capable of inducing congenital malformations if administered during 
pregnancy – necessitate the implementation of specialized risk 
management programs [28]. These programs are particularly pivotal 
for medications indicated for severe or life-threatening conditions, 
where the therapeutic benefit for the pregnant patient is outweighed 
by the potential harm to fetal development. Drugs such as isotretinoin, 
thalidomide, and select oncological therapies are subject to stringent 
regulatory oversight, as mandated by the EMA. For these substances, 
the EMA enforces rigorous controls that include requirements for 
women of childbearing potential to undergo pregnancy testing 
both before initiation and periodically throughout the course of 
treatment [29]. Furthermore, patients are obligated to employ dual 
forms of contraception during the treatment period and for a designated 
duration following its cessation. Healthcare providers are additionally 
responsible for ensuring comprehensive patient education regarding the 
associated risks, facilitating informed consent, and enrolling patients in 
a formal risk management program. These measures are meticulously 
designed to mitigate the risk of unintended pregnancies and safeguard 
against the deleterious effects of drug-induced teratogenicity, thereby 
ensuring the safe prescription and administration of these high-risk 
medications.

Registry and follow-up studies
Patient registries and follow-up studies serve as critical instruments 
in the mitigation of risks associated with pharmaceuticals, particularly 
for medications that pose significant or long-term safety concerns. 
Such studies are frequently mandated for drugs that may induce rare 
or delayed adverse effects, which may not be adequately identified 
during the controlled environment of clinical trials. These studies are 
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particularly vital for medications used in specific, often vulnerable, 
patient populations that necessitate continuous monitoring 
throughout their usage [30]. Typically, a patient registry is established 
to systematically track the health outcomes of individuals using the 
medication, thereby facilitating the collection of data on adverse events, 
therapeutic effectiveness, and long-term safety profiles. Follow-up 
studies, which may involve regular clinical evaluations or longitudinal 
data collection, are designed to identify potential risks or emerging 
issues that may only manifest after prolonged drug exposure or within 
a more diverse patient cohort. These registries and studies are integral 
components of a drug’s comprehensive RMP, ensuring their alignment 
with regulatory requirements [31]. They are overseen by the EMA 
and national regulatory bodies, which utilize the amassed real-world 
data to ensure sustained drug safety. Furthermore, these data inform 
ongoing regulatory decisions related to risk minimization strategies or 
potential modifications to drug labeling, ensuring that patient safety 
remains paramount throughout the drug’s lifecycle.

Prescription control
Certain high-risk pharmaceutical agents may be accessible exclusively 
through designated distribution channels, such as specialized 
pharmacies or on issuance of a written prescription from a qualified 
specialist. Prescription control mechanisms often involve the limitation 
of a drug’s availability to specific healthcare environments, such as 
hospitals or specialized clinics, and the restriction of its prescription 
to highly trained specialists, such as oncologists or cardiologists, 
depending on the pharmacological risk profile of the medication. 
A  prime example of such regulation can be observed in drugs with 
severe adverse risk potential, such as thalidomide or certain opioids, 
which necessitate that prescribers undergo certification or participate 
in restricted prescribing programs [32]. The underlying objective of 
these prescription control strategies is to protect patients by ensuring 
that these potent medications are administered solely when clinically 
indicated and under the most stringent safety protocols, accompanied 
by rigorous monitoring to identify and mitigate any emergent adverse 
effects.

Patient monitoring
For pharmaceutical agents associated with significant risks, such as organ 
toxicity, cardiovascular complications, or severe immunosuppression, 
patients are often required to undergo routine and comprehensive 
monitoring procedures throughout the course of treatment. These 
monitoring protocols are meticulously delineated within the drug’s 
RMP and typically encompass a range of diagnostic assessments, 
including blood tests, imaging studies, and other pertinent screenings 
designed to detect early manifestations of adverse reactions [18]. For 
instance, individuals prescribed immunosuppressive medications may 
necessitate frequent blood examinations to assess for indicators of 
infection or organ impairment. The responsibility for ensuring patient 
compliance with these monitoring requirements lies with healthcare 
providers, who must vigilantly oversee the adherence to scheduled 
assessments. Furthermore, the EMA and national regulatory bodies 
play a pivotal role in regulating and supervising the implementation 
of these monitoring strategies to safeguard patient well-being. Early 
detection through rigorous patient monitoring facilitates the timely 
identification of emerging risks, thereby enabling prompt medical 
intervention and ensuring that the therapeutic benefits of the drug 
consistently outweigh the associated risks [33].

Risk minimization programs for specific populations
These programs are customarily instituted for pharmaceuticals 
associated with well-documented risks that disproportionately impact 
vulnerable populations, such as pediatric patients, the elderly, pregnant 
women, or individuals with pre-existing comorbidities. For instance, 
a drug contraindicated during pregnancy may necessitate stringent 
precautionary measures, including mandatory pregnancy testing or the 
use of contraception for women of childbearing potential, as exemplified 
by medications like isotretinoin [34]. Likewise, drugs known to pose 
increased risks for the elderly, such as those inducing sedation or 

increasing the likelihood of falls, may require adjustments to dosage 
regimens or more intensive monitoring protocols. These measures 
are integral components of a drug’s RMP, structured to ensure that 
the therapeutic benefits of the medication consistently outweigh the 
associated risks when administered to these particularly susceptible 
cohorts. Oversight of the effectiveness of such programs is rigorously 
conducted by the EMA and pertinent national authorities, ensuring that 
all special requirements tailored to these populations are meticulously 
enforced, thereby minimizing potential harm and safeguarding public 
health.

FEW EXAMPLES OF aRMMS IN EUROPE

Isotretinoin: A  pharmaceutical agent primarily indicated for the 
management of severe, recalcitrant acne, is associated with a 
significantly elevated risk of teratogenicity. Due to its potential to 
induce severe congenital malformations, its use is subject to stringent 
regulatory oversight in the EU, which mandates the implementation of 
a comprehensive PPP [35]. This program, established to mitigate the 
teratogenic risks, necessitates that women of childbearing potential 
engage in a series of precautionary measures before and during the 
course of treatment. Specifically, individuals are required to sign a formal 
risk acknowledgment form, thereby confirming their understanding of 
the potential risks posed by the medication. Women must undergo a 
thorough pregnancy screening, including a reliable pregnancy test, 
before the initiation of isotretinoin therapy. Furthermore, as a safeguard 
against unintended pregnancy, the program stipulates the use of two 
concurrent methods of contraception throughout the duration of 
treatment. These regulatory requirements are designed to minimize 
the risk of fetal exposure to isotretinoin, ensuring that the benefits 
of the medication outweigh its potential hazards when prescribed to 
women of reproductive age [36].

Thalidomide
This drug is a catastrophic teratogenic effects, has undergone 
a remarkable transformation in its clinical application. Initially 
prescribed as a sedative in the late 1950s and early 1960s, its use was 
tragically linked to severe birth defects, resulting in a public health 
crisis that irrevocably altered the landscape of pharmacovigilance 
and drug regulation [37]. However, subsequent research and clinical 
trials have revealed that thalidomide possesses therapeutic efficacy 
in treating certain malignancies and chronic conditions, most notably 
multiple myeloma, as well as complications associated with leprosy. 
Despite its renewed therapeutic potential, thalidomide remains 
subject to stringent regulatory controls, particularly within the EU. 
In the EU, thalidomide is distributed under a highly regulated and 
restricted program, designed to prevent the re-emergence of the severe 
teratogenic consequences witnessed in its initial use. To ensure patient 
safety, the drug is made available only through a comprehensive risk 
management framework [38]. This program mandates that patients 
seeking thalidomide treatment must be enrolled in a risk mitigation 
protocol, which includes strict eligibility criteria. Both patients 
and healthcare providers must satisfy a series of conditions before 
thalidomide can be prescribed. These safeguards are integral to the 
controlled administration of the drug, with continuous monitoring and 
compliance with regulatory standards being essential to minimize the 
potential risks of its use. This precautionary approach underscores 
the balance between the therapeutic benefits of thalidomide and the 
need to mitigate its inherent risks, reflecting the evolving paradigm of 
pharmacological safety in modern medicine.

Clopidogrel
An antiplatelet agent commonly employed in the management of 
cardiovascular conditions, serves as a potent blood-thinning medication 
that inhibits platelet aggregation [39]. While it is highly effective in 
preventing thrombotic events, its use is not without inherent risks, 
particularly the potential for bleeding complications. The risk of 
bleeding is a well-documented adverse effect, which can manifest in 
various forms, ranging from minor hematomas to life-threatening 
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hemorrhages. In certain clinical scenarios, particularly in patients 
undergoing procedures such as percutaneous coronary interventions 
(e.g., stent placement), the necessity for additional safety measures 
becomes paramount. These measures may include rigorous monitoring 
for signs of bleeding, adjustment of dosage, or in some cases, the 
restriction of clopidogrel use to specialists with expertise in managing 
its risks [40]. Furthermore, patients in high-risk categories – such as 
those with coexisting conditions like renal insufficiency or a history of 
gastrointestinal bleeding – may require increased vigilance and tailored 
therapeutic strategies to mitigate the potential for adverse outcomes. 
In these contexts, a multidisciplinary approach to patient management, 
encompassing both pharmacological and procedural considerations, is 
essential to optimize therapeutic efficacy while minimizing harm.

NP1: EU RMP

The complete understanding of the benefit-risk profile of a medicinal 
product remains limited at the time of its initial licensing and may 
evolve following approval. Consequently, this balance requires 
ongoing reassessment during the post-marketing phase when the 
product is used in clinical practice across a broader, more diverse 
patient population than in pre-marketing clinical trials. The dynamic 
nature of the benefit-risk balance necessitates a lifecycle approach, 
involving continuous evaluation and monitoring throughout the entire 
product lifecycle. In accordance with current EU legislation, which 
has been in effect since November 2005, Marketing Authorization 
Applicants are required to provide a comprehensive description of the 
risk management system as part of their drug licensing application 
for innovative products. For new chemical entities, biosimilars, 
and generics derived from reference products with identified risks, 
submission of an EU-RMP is mandatory  [41]. The EU-RMP consists 
of a structured set of pharmacovigilance activities and interventions 
aimed at identifying, characterizing, preventing, or minimizing risks 
throughout the lifecycle of the drug. The primary goal of the EU-RMP 
is to ensure that the benefits of a medicinal product outweigh its risks 
to the greatest extent possible, both at the individual and population 
levels. For all medicinal products, the EU-RMP includes routine risk 
minimization activities (RMAs) designed to reduce the likelihood 
or severity of adverse drug reactions. A  key distinction between 
the EU and the US regulatory frameworks is that EU-RMPs must be 
submitted as part of the marketing authorization application for all 
new active substances and in other specified scenarios  [42]. This 
legislative requirement ensures that safety measures are considered 
early in the approval process. The objective of this study is to examine 
additional RMAs for medicinal products licensed through the EU’s 
central authorization procedure. To the best of our knowledge, this is 
the first descriptive study to explore additional RMAs among centrally 
authorized products in the EU. Although not a primary focus of our 
analysis, it is conceivable that the safety profiles of newer products 
may differ from older ones, making additional RMAs more pertinent 
for newer drugs. However, our findings suggest no significant changes 
over time in the product classes most commonly associated with 
additional RMAs. Furthermore, the proposed additional RMAs for 
these products did not differ substantially, although the number of 
products with additional RMAs authorized before the new legislation 
was relatively limited. An additional concern pertains to the potential 
misuse of educational materials intended for risk minimization, where 
such materials might be co-opted for commercial purposes rather than 
fulfilling their intended safety objectives. Stringent monitoring of these 
additional RMAs is essential to mitigate this risk. New provisions within 
the pharmacovigilance legislation, to be implemented in July 2012, 
mandate the monitoring of the outcomes of additional RMAs, which is 
expected to further curtail this concern in the near future.

REGULATORY OVERSIGHT OF ARMMS IN EUROPE

The EMA and NCAs are responsible for overseeing the implementation 
and effectiveness of aRMMs, which are specific actions required when 
routine RMMs (such as labeling) are insufficient to mitigate identified 
risks. These measures may include restricted distribution, patient and 

HCP education, PPPs, and mandatory patient monitoring [43]. The MAH 
must submit a RMP to the EMA, detailing the proposed aRMMs, which 
are then reviewed and approved. The EMA ensures that the measures 
are appropriate and effectively implemented across EU member states. 
Ongoing surveillance, post-marketing studies, and data collection are 
used to assess the effectiveness of aRMMs, and adjustments can be 
made if necessary. The regulatory bodies also monitor compliance with 
these measures, ensuring that safety standards are maintained and that 
any new risks are quickly addressed to protect public health.

Control strategy
The first step involves identifying the specific risks associated with a 
drug, such as severe adverse reactions, misuse, or teratogenicity, based 
on clinical trial data, post-marketing surveillance, and other evidence. 
Once these risks are defined, appropriate aRMMs are implemented, 
such as restricted access programs, mandatory monitoring, patient 
registries, or healthcare provider training, designed to minimize harm. 
Following implementation, continuous monitoring through post-
authorization studies, real-world surveillance, and feedback from 
healthcare providers and patients is crucial to assess the effectiveness 
of these measures in reducing adverse events. Ongoing evaluation is 
necessary to determine whether the aRMMs are achieving their goals, 
ensuring that the balance between risk and benefit remains favorable. 
This evaluation process includes reviewing safety data, considering 
stakeholder feedback, and performing cost-effectiveness analyses. If the 
RMMs are found to be insufficient or overly burdensome, adjustments 
can be made, including revising the RMP or modifying the monitoring 
requirements. A  robust feedback loop is vital to adapt to emerging 
data and evolving patient needs, with regulatory bodies like the EMA 
overseeing compliance with safety regulations [44]. Ultimately, a 
control strategy for aRMMs aims to safeguard patient safety, maintain 
drug efficacy, and ensure that any risk-reducing interventions are 
aligned with regulatory standards and practical realities in healthcare 
settings.

Risk evaluation
The evaluation of aRMMs in Europe involves assessing both the 
effectiveness of these measures in reducing specific risks and the 
broader impact on healthcare systems, patients, and public health [45]. 
Initially, the key risks associated with a medicinal product must be 
identified, such as severe side effects, misuse potential, or teratogenicity. 
Effectiveness is then evaluated through post-authorization studies, 
real-world data, and surveillance systems to track whether the aRMMs 
successfully reduce adverse events and enhance patient safety. However, 
aRMMs can also have unintended consequences, such as increasing 
healthcare costs, creating access barriers, or adding administrative 
burdens on healthcare providers, which may impact overall patient 
care. Continuous monitoring, including feedback from HCPs and 
patients, is essential to ensure these measures remain relevant and 
effective. RMPs and pharmacovigilance systems, such as EudraVigilance, 
play a key role in the ongoing evaluation and adjustment of these risk 
mitigation strategies [46]. The ultimate goal is to balance the benefits of 
a pharmaceutical product with its risks, ensuring that safety measures 
do not unduly limit access to treatment or burden healthcare systems.

PROCESS INDICATORS

More than a quarter of newly approved medicinal products by the EMA 
are subject to aRMMs. These aRMMs are crucial in managing safety 
concerns associated with drugs that could have severe, adverse effects 
on patients, especially when the risks cannot be sufficiently controlled 
by conventional risk minimization strategies, such as the Summary of 
Product Characteristics and PILs [47]. The primary aim of these measures 
is to provide an additional layer of protection for patients, ensuring that 
the therapeutic benefits of a drug continue to outweigh the associated 
risks. As such, the evaluation of the effectiveness of aRMMs is essential 
for determining whether these interventions are achieving their intended 
objectives [48]. If the measures are not successful, further investigation 
is required to identify the root causes and determine which corrective 
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actions must be implemented [49]. Research conducted in this area has 
demonstrated that, up until 2015, only 31% of medicines with aRMMs 
had undergone a formal evaluation of the effectiveness of these risk 
mitigation strategies [50]. However, a trend of accelerated evaluation has 
been observed in more recent years, reflecting an increased emphasis 
on assessing the impact of these interventions. Risk minimization 
evaluations (RMEv) can adopt a range of methodologies, including 
studies that separately evaluate process indicators (e.g., adherence to 
protocols, completion of safety monitoring) or health outcomes (e.g., 
incidence of adverse drug reactions, hospitalizations). In some cases, 
hybrid approaches are employed, combining both process and outcome 
measures to offer a more comprehensive view of the effectiveness 
of the RMMs. Moreover, data collection for RMEv can occur through 
various means. Health and safety outcomes can be reported directly by 
participants, gathered prospectively, or retrieved from secondary data 
sources, such as electronic health records and national health databases. 
In some cases, medical chart abstraction or patient registries may also 
provide valuable insights into the real-world impact of the aRMMs [51]. 
While these approaches provide valuable data, the growing complexity of 
pharmaceutical safety necessitates the adoption of more robust, patient-
level analyses. Correlating process indicators with health outcomes 
at the patient level enables a more holistic and accurate evaluation of 
how effectively the aRMMs are being implemented in clinical practice. 
Furthermore, effective evaluation of aRMMs can inform regulatory 
decision-making, allowing the EMA and other regulatory bodies to make 
timely adjustments to the measures as necessary. If certain aRMMs are 
found to be ineffective or burdensome, modifications may be made to 
streamline the measures or enhance their efficacy, ultimately improving 
patient safety [52]. Continuous monitoring and post-marketing 
surveillance also play a critical role in this process, as emerging safety 
concerns or new data may necessitate the adaptation of risk minimization 
strategies. While the evaluation of aRMMs has historically been limited, 
ongoing efforts are increasing their integration into post-marketing 
surveillance and safety monitoring. A more comprehensive and integrated 
approach to risk minimization evaluation, incorporating both process 
indicators and patient-level outcomes, is essential for ensuring the 
continued safety and efficacy of medicinal products. As the regulatory 
landscape evolves, the emphasis on evidence-based, real-time evaluations 
of risk minimization strategies will become an integral part of ensuring 
patient safety and optimizing therapeutic outcomes (Fig. 1).

TOOLS AND FRAMEWORKS FOR RISK EVALUATION OF ARMMS

The EMA offers a robust and methodical framework for the evaluation 
and implementation of risk minimization strategies, ensuring that 
pharmaceutical products marketed within the EU adhere to rigorous 

safety standards throughout their lifecycle. This framework incorporates 
several key components, each designed to facilitate the identification, 
management, and mitigation of risks associated with medicinal products:

RMPs
A cornerstone of the EMA’s regulatory approach, every pharmaceutical 
product authorized in the EU is required to have a comprehensive 
RMP [53]. This plan outlines the specific measures that will be taken to 
identify potential risks associated with the product, assess their severity 
and likelihood, and implement appropriate strategies to minimize or 
eliminate those risks. The RMP also defines the methods for ongoing 
monitoring and evaluation of risks throughout the product’s lifecycle. 
This dynamic document evolves based on emerging safety data and the 
outcomes of post-marketing surveillance.

Pharmacovigilance guidelines
The EMA’s pharmacovigilance guidelines, which are codified under 
Directive 2010/84/EU and Regulation (EC) No  1235/2010, mandate 
that pharmaceutical companies continually monitor and report safety 
data to the EMA [54]. These guidelines establish clear legal requirements 
for the systematic collection, analysis, and submission of data regarding 
ADRs and other safety concerns. Furthermore, companies must assess 
whether aRMMs are necessary in response to emerging safety signals 
or changes in the risk profile of a product.

Post-marketing surveillance
An integral component of the risk management process, post-marketing 
surveillance involves the ongoing monitoring of a drug’s safety profile 
once it is in widespread clinical use. This phase is critical for identifying 
rare or long-term adverse effects that may not have been detected 
during clinical trials. The EudraVigilance database plays a pivotal 
role in the EU’s pharmacovigilance efforts by serving as a centralized 
repository for adverse drug reaction reports [55]. The database allows 
for the real-time tracking and evaluation of safety concerns, facilitating 
timely regulatory action to protect public health.

Periodic safety update reports (PSURS)
Pharmaceutical companies are required to submit PSURs at regular 
intervals to the EMA [56]. These reports provide a comprehensive 
summary of the safety data accumulated over a specified period and 
analyze the ongoing risk-benefit profile of the medicinal product. 
PSURs are essential for detecting potential safety issues that may not 
have been evident during earlier stages of the product’s lifecycle and 
for ensuring that any necessary adjustments to risk minimization 
strategies are made in a timely manner.

Fig. 1: Process indicators
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RCPs
In addition to the technical and regulatory aspects of risk management, 
the EMA emphasizes the importance of clear and effective risk 
communication. Pharmaceutical companies are required to develop 
and implement RCPs that inform HCPs, patients, and the public about 
the safety profile of a drug [57]. These plans ensure that stakeholders 
are aware of potential risks and the steps they can take to minimize 
those risks. Through targeted communication strategies, the EMA 
ensures that safety information is disseminated in a transparent, timely, 
and accessible manner.

Risk minimization evaluation
The effectiveness of risk minimization strategies is routinely evaluated 
by the EMA through a combination of data analysis and regulatory 
review processes. The EMA continuously assesses whether the 
implemented risk mitigation measures are achieving their intended 
outcomes and whether any adjustments are necessary. This evaluation 
process is essential for maintaining the safety of the public and ensuring 
that the benefits of a medicinal product continue to outweigh its 
risks [58]. The EMA also works in conjunction with national regulatory 
authorities to monitor the effectiveness of risk minimization programs 
across different EU member states.

Through this structured and comprehensive approach, the EMA ensures 
that the safety of pharmaceutical products is consistently prioritized, 
providing a framework that both protects public health and facilitates 
the safe use of medicines across Europe (Fig. 2).

CHALLENGES IN IMPLEMENTATION OF EU RISK MINIMIZATION 
MEASURES

In the EU, regulatory authorities may require MAHs to develop and 
implement RMMs to ensure the safe and effective use of medicines 
by patients [59]. These measures may include PPPs or protocols for 
monitoring patients for specific risk factors. The operationalization of 
RMM requirements is carried out by NCAs, who work in collaboration 
with HCPs to integrate these measures into clinical practice, ultimately 
reaching patients. Given the variability in the implementation 
pathways of specific RMMs, the process is inherently complex, as the 
goal is to alter the knowledge and behaviors of a broad spectrum of 
individuals, including patients, caregivers, consumers, and HCPs. This 
often necessitates coordination across various institutional structures 
and organizations, such as health authorities, academic and research 
institutions, HCP associations, and patient advocacy groups [60]. In 
addition, these stakeholders participate in healthcare at different levels 
– international, European, national, and subnational – which further 
complicates the implementation process. The Pharmacovigilance Risk 
Assessment Committee (PRAC) of the EMA has acknowledged the 
challenges posed by this multifaceted stakeholder landscape in the 
implementation of risk minimization strategies [61]. In its revised 

impact strategy, the PRAC emphasized a shift in focus from conceptual 
development and guidance on measuring the impact of regulatory 
actions to prioritizing activities and regulatory tools that directly 
influence daily healthcare practices and are therefore relevant to 
patients, consumers, and HCPs. To enhance the effectiveness of RMM 
implementation and strengthen the engagement of the EU regulatory 
network with relevant stakeholders, it is crucial to understand 
how Clinical Practice Guidelines (CPGs) intersect with the RMM 
implementation pathway [62]. Accordingly, the aim of this study is to 
assess the extent to which RMMs are incorporated into the pertinent 
CPGs and to identify the factors that influence their inclusion.

COMPARISON WITH US RISK MANAGEMENT REGULATIONS

Risk management encompasses several key components: Risk 
identification and assessment, risk communication, risk monitoring, 
and risk treatment. Over recent decades, it has expanded across various 
industrial sectors, likely in response to increasing objective risks or as 
a form of “risk colonization.” The concept of “risk colonization” refers 
to governance systems framing societal threats as risks in response to 
growing pressures to address governance failures [63]. In the realm 
of healthcare, analyses of pharmaceutical risk management remain 
notably scarce within the social science literature. This gap is addressed 
in this study by examining the emergence and implementation of risk 
management in pharmaceutical regulation within the EU and the US. 
The primary objective is to evaluate the extent to which this emergence 
reflects the phenomenon of “risk colonization” and to assess whether 
the implementation of risk management policies in these regions 
advances precautionary or permissive regulatory approaches, both 
absolutely and comparatively. Pharmaceutical product risk management 
represents a distinct aspect of the established “risk regulation regime” 
within drug regulation, which has been operational at both national 
and supranational levels, particularly within the EU [64]. However, 
existing literature on pharmaceutical risk regulation is either outdated, 
preceding the rise of risk management in the sector, or focused on 
other dimensions of regulation. It is critical to examine how social 
contexts – such as the interests, expertise, and markets – shape the 
regulatory frameworks. Despite the evolving context of pharmaceutical 
risk management and the growing role of the EU’s supranational drug 
regulatory system, international comparisons of drug regulation often 
focus on the US and individual nations, neglecting the role of the EU’s 
centralized regulatory framework [65]. Shifting focus from nation-
states to the EU is essential, as the EU is increasingly responsible for 
regulating the risks and benefits of newly developed pharmaceutical 
products within Europe. The notion that risk regulation is best 
understood within its specific context suggests that international 
variations in prescription pharmaceutical risk management cannot 
be easily extrapolated from broader national regulatory styles in 
other sectors. Rather, these variations should be studied directly to 
uncover the precautionary or permissive characteristics of regulatory 

Fig. 2: European Medicines Agency framework for risk minimization: A structured approach to drug safety
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frameworks in different regions. Both in the EU and the US, the product 
label serves as a vital tool not only for risk communication to HCPs and 
patients but also as a mechanism that legitimizes permissive regulatory 
decisions, especially for products that offer minimal or no therapeutic 
advances over existing drugs [66]. Risk communication through 
labeling has been a cornerstone of pharmaceutical risk management 
used by all regulatory agencies, both before and after the formal 
introduction of “risk management” concepts into drug regulation. As 
exemplified by the Trovan case study; however, changes in labeling are 
often subject to negotiation between regulatory authorities and the 
drug’s manufacturer [67,68].

RMP FOR MEDICINAL PRODUCTS

In the EU, the authorization of medicinal products is a prerequisite 
before they can be marketed for patient use. Authorization may be 
granted through several pathways, including national procedures, 
mutually recognized procedures, and the centralized procedure. 
A medicinal product is deemed authorized in the EU when, at the time 
of its approval, the benefits outweigh the risks for the target population, 
under the conditions specified in the product’s labeling [69]. The 
overarching goal of the risk management system for medicinal products 
is to ensure that the benefit-risk balance is maximized to the greatest 
extent possible for both individual patients and the broader target 
population. A  RMP serves as a comprehensive, multi-part document 
that is continuously updated by the MAH throughout the product’s 
lifecycle. The RMP outlines the necessary actions to enhance the 
understanding of the medicinal product’s safety profile and specifies 
the associated RMMs. The focus of this study is to explore how these 
RMPs contribute to safeguarding public health from the perspective 
of EU member states. Specifically, this research provides valuable data 
on RMPs assessed at the EU level, alongside quantitative data on safety 
communications, such as aRMMs and Direct HCP Communications, 
which are assessed and approved at the national level [70]. By utilizing 
a smaller EU member state as a case study – where resource constraints 
are often magnified by the country’s size – this study offers insights into 
the practical challenges encountered by national regulators during the 
RMP assessment process and the management of safety information. 
The experiences and lessons derived from these regulatory activities 
are of significant relevance not only to the pharmaceutical industry but 
also to other regulatory bodies, including the EMA [71]. Furthermore, 
this study identifies the varying RMP requirements across different 
global regions and countries, shedding light on the challenges these 
disparities present to the harmonization of risk management practices 
in the pharmaceutical industry.

CONCLUSION

The evaluation of aRMMs in Europe is a complex but essential process 
to ensure that the benefits of a medicine outweigh its risks. It involves 
a combination of pre-market assessments, real-world surveillance, 
and ongoing monitoring of patient outcomes. Effective risk evaluation 
requires assessing the direct impact of the measures on patient safety, 
as well as evaluating any unintended consequences such as burden 
on healthcare systems or reduced access to essential treatments. By 
carefully weighing these factors, regulators can ensure that the benefits 
of a drug are maximized, and its risks are minimized to the greatest 
extent possible.
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