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INTRODUCTION

Medicines safety monitoring is a continuous and dynamic process throughout all the phases of the
life cycle of a drug. During the drug development, safety is investigated in different phases. In pre-
clinical studies, the primary goal of safety evaluation is the identification of a safe dose in humans and
of safety parameters for clinical monitoring. In clinical phase, phase I studies are designed to estimate
the tolerability of the dose range expected to be needed for later clinical studies in healthy volunteers;
phase II studies are focused on determining appropriate range of drug doses in patients with a disease
or condition of interest, while phase III clinical trials are the most important studies to refine
understanding of benefit-risk profile of the drug and to identify less common adverse drug reactions.
Although drug safety evaluation is very rigorous and thorough, pre-marketing clinical trials have
however intrinsic limitations that do not allow to exhaustively evaluate drug safety profile (Singh and
Loke, 2012). These studies are conducted on limited numbers of patients that are selected based on
strict eligibility criteria and not fully representing real-world populations and have limited duration,
thus preventing detection of rare and long-term adverse reactions.

Therefore, the post-marketing assessment of medicines plays a key role for better defining drugs’
safety profile in real-world setting and filling the evidence gap of pre-marketing studies.

In the field of drug safety and regulation, a number of challenges have to be faced in the near
future. First of all, COVID-19 pandemic highlighted how relevant pharmacovigilance and proper
risk communication during public health emergency are. Second, the development of advanced
methodologies including machine learning techniques and the availability of large amount of
electronic healthcare data offer opportunity for optimizing drug benefit-risk profile evaluation in real
world setting. Finally, innovative therapeutics, such as advanced therapy medicinal products, digital
therapeutics, vaccines developed based on advanced technologies, requiring special
pharmacovigilance monitoring have been increasingly marketed in recent years, often upon
accelerated pathway approval. Some of the challenges and future opportunities in this field are
briefly discussed below.

PHARMACOVIGILANCE IN HEALTHCARE EMERGENCY

During the first waves of the pandemic, the absence of vaccines and drugs for treatment/
prevention of COVID-19 led to a rush to repurpose drugs already approved for other
indications. As a consequence, a large number of drugs (e.g., hydroxychloroquine,
ivermectin and azithromycin) has been off-label used for the treatment of COVID-19
patients, even if underlying scientific evidence on benefits was of low quality and mostly
based on in vitro studies (Sultana et al., 2020a).

Pharmacovigilance monitoring in this context has been crucial for identifying the risks associated
to drugs off-label used, thus reminding the “do not harm first” principle, especially if no or weak
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evidence on benefits is available. This is the case of azithromycin,
a macrolide antibiotic that has been widely used, for the treatment
of COVID-19 patients (Crisafulli et al., 2021). Its known
proarrhythmogenic activity, which can be exacerbated when
used in combination with other drugs proposed for COVID-
19 treatment (e.g., hydroxychloroquine), led regulatory agencies
to issue warnings against the use of this drug, unless in case of
bacterial superinfection occurrence (Sultana et al., 2020b).

Accelerated approvals of drugs and vaccines to tackle the
COVID-19 pandemic emphasized also the need to expeditely
generate safety data in post-marketing setting by identifying and
preventing serious risks and ultimately ensuring patients’ safety.

Another lesson learned from COVID-19 pandemic is the
importance of drug- and vaccine-related risk communication
to healthcare providers as well as patients for informed
therapeutic choice and ease of appropriate use of medicines/
vaccines. On the contrary, failure to effectively communicate to
public and healthcare professionals can lead to a loss of trust and
reputation of regulators and other stakeholders, as well as loss of
lives (World Health Organization, 2020). It is the case of
hydroxychloroquine, one of the drugs that gained much
attention to be repurposed for COVID-19 treatment. Despite
its efficacy was not proven, it has been praised by numerous
public figures, such as the United States past President Donald
J. Trump. As a consequence, several observational studies
documented a substantial increase in purchases and internet
searches for hydroxychloroquine and chloroquine after being
promoted by Donald J Trump (Liu et al., 2020; Niburski and
Niburski, 2020), showing how misleading information, especially
if coming from individuals in positions of power, may increase
inappropriate drug use and the risk of serious adverse reactions.

DATABASE NETWORKS FOR
POST-MARKETING SURVEILLANCE FOR
VACCINES AND MEDICINES
The increased access to large scale distributed database networks
provides new ways and opportunities to monitor the post-
marketing safety of vaccines and medicines and to generate
real-world evidence to support decision-making. With this
aim, in May 2008 the FDA launched the Sentinel Initiative, an
infrastructure analyzing electronic healthcare data to assess the
safety of approved medical products. To date, Sentinel has
developed one of the largest distributed database networks for
the assessment of medical product safety, comprising the Sentinel
System, which uses common data models and analytic tools to
analyze pre-existing real-world data, and the FDA-Catalyst,
which uses routine queries, interventions and interactions with
health plan members and/or providers (Food and Drug
Administration, 2019).

Conducting pharmacoepidemiological studies combining
multiple databases is particularly useful when outcomes or
exposure of interest are rare, or when evidence is needed from
different countries, to generate evidence rapidly and with
stronger external validity (Gini et al., 2020). The
combination of several claims databases may provide the

statistical power needed to investigate the association
between clinically relevant safety outcomes and specific
drug exposure. In this regard, the Italian VALORE project
is a good example of how the creation of a distributed network
of administrative databases can have a great potential for
conducting post-marketing surveillance of biological drugs,
including biosimilars, in Italian patients affected by immune-
mediated inflammatory diseases (Trifirò et al., 2021).

One of the lessons learned from COVID-19 is that the
potential of distributed networks of administrative databases to
promptly generate robust real-world evidence is particularly high
in conditions of public health emergency. This is the example of
the ITA-COVID19 network, an Italian multiregional network
established for the conduction of pharmacoepidemiological
studies to evaluate the association between drugs, vaccines and
COVID-19 through the linkage of claims databases to COVID-19
registries (Spila-Alegiani et al., 2021; Trifirò et al., 2020). Other
examples of distributed networks of real-world data sources being
widely used to support COVID-19 research are OpenSAFELY, an
English analytics platform for analysis of electronic health records
data (Williamson et al., 2020) and the Observational Health Data
Sciences and Informatics (OHDSI) program, an interdisciplinary
collaborative aiming at generating real-world evidence through
large-scale analytics (Lane et al., 2020).

ARTIFICIAL INTELLIGENCE IN
PHARMACOVIGILANCE

The availability of healthcare data has been tremendously
increasing over the last years and will further increase in the
near future thanks to massive marketing of digital tools collecting
patient-derived data.

Huge amounts of electronic data present an opportunity to
apply artificial intelligence (AI) techniques to improve drug safety
assessment. Information extraction, using natural language
processing (NLP) techniques and text mining to gather
relevant insights from available, largely unstructured sources,
has been gaining importance within the field of clinical
research. As regards pharmacovigilance, text mining and NLP
methods can be very useful to gather information on adverse drug
reactions (ADRs) and drug-drug interactions from various
textual sources, supporting researchers and clinicians in
monitoring drug safety (Wong et al., 2018). Indeed, both
public and private entities are currently trying to develop AI
tools that can allow to automatically process ADRs (Basile et al.,
2019).

Artificial intelligence and machine learning may also be
useful in pharmacovigilance for 1) the automatic execution of
tasks associated with case report entry and processing, 2) the
identification of clusters of adverse events representing
symptoms of syndromes, 3) the conduction of
pharmacoepidemiological studies, 4) data linkage, through
the conduction of probabilistic matching within datasets
and 5) the prediction and prevention of adverse events
through specific models using real-world data (Bate and
Hobbiger, 2021).
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SAFETY MONITORING OF DIGITAL
THERAPEUTICS

Digital therapeutics (DTx) one of the most recent frontiers of
medicine and can be defined as “technologies that deliver medical
interventions directly to patients using evidence-based, clinically
evaluated software to treat, manage, and prevent a broad
spectrum of diseases and disorders” (Digital Therapeutics
Alliance, 2021).

As for conventional medicines, with the increasing uptake of
DTx into clinical practice, a proper post-marketing surveillance
of DTx has to be implemented to rapidly identify potential safety
signals and establish the safety profile of these technologies. Side
effects associated with DTxmay be generally less severe and easier
to manage than those caused by conventional drugs. However,
based on findings from pivotal trials, adverse effects of DTx may
still occur to a greater extent than in respective control arms, thus
requiring careful post-marketing monitoring.

Another important aspect of DTx is that they allow to collect a
massive quantity of post-marketing patient-level data that can be
harnessed to re-assess their safety and effectiveness in real-world
setting. However, the increase in individual patient-related data
poses concerns about data privacy and quality, thus highlighting
the need to define a legal framework that allows on the one hand
to guarantee individual privacy and on the other hand to
transparently share data for research purposes.

PHARMACOVIGILANCE OF ADVANCED
THERAPY MEDICINAL PRODUCTS

Advanced therapy medicinal products (ATMPs) are medicines
for human use that are based on genes, cells or tissue engineering
(European Medicines Agency, 2021). ATMPs provide new
opportunities to restore, correct or modify physiological
functions or make a medical diagnosis. Due to their high
innovativeness, these medicines usually benefit from
accelerated assessment and accelerated approval pathways,
thus highlighting the need to generate post-marketing
evidence about their benefit-risk profile. However,
uncertainties concerning the safety profile of new ATMPs
cannot be ascribed only to regulatory pathways. As these
medicines often target rare diseases, pre-marketing evidence is
generally weak because of inherent limitations of clinical trials
due to small number of recruited patients, use of surrogate
endpoints and single-arm design (Augustine et al., 2013).
Therefore, post-marketing studies play a key role in generating
long term evidence about the safety of these medicines and to fill
the knowledge gap of pre-marketing studies. The detection of
safety issues should start early and continue throughout the
development of the ATMP in order to prevent or minimize
the risk when possible. In some cases, the use of ATMPs is
expected to be a once in a life-time treatment, therefore the
sustainability of efficacy over time is a question that can only be
answered by long-term efficacy follow-up. The objectives of the

safety and efficacy follow-up will depend on the characteristics of
the product (European Medicines Agency, 2018a). In the case of
chimeric antigenic therapies (CAR-T) routine risk minimization
measures have to be supplemented with additional risk
minimization measures under relevant important risks (e.g.,
cytokine release syndrome, infections and serious neurological
adverse reactions) (European Medicines Agency, 2018b;
European Medicines Agency, 2018c).

ECOPHARMACOVIGILANCE

Ecopharmacovigilance is “the science and activities concerning
detection, assessment, understanding and prevention of adverse
effects or other problems related to the presence of
pharmaceuticals in the environment, which affect both human
and the other animal species” (Velo and Moretti, 2010),
ecopharmacovigilance is a very important issue nowadays and
it plays a crucial role to reduce the environmental risk of
pharmaceutical pollutants. Indeed, pharmaceuticals are
widespread environmental pollutants that may be excreted
into the environment through different routes, such as the
excretion by the patient as parent compound or active
metabolites via the sewer system and the release into the waste
waters by manufacturers or hospitals and the terrestrial
depositions (Holm et al., 2013). Several studies documented
the effects of pharmaceutical pollution on various animal
species, such as vultures and fish (Wang et al., 2017). The role
of ecopharmacovigilance is becoming more and more important
to control and minimize the sources of pharmaceutical pollution
through the detection, assessment and prevention of adverse
effects related to the presence of pharmaceuticals in the
environment.

Although the detected concentrations of pharmaceuticals in
the environment were mainly low (ng/L to μg/L) potential direct
and indirect risks for humans exist and should be carefully
monitored. Indeed, it is known that sex hormones exert their
pharmacological activity at very low concentrations and that
exposure to antibiotics may contribute to bacterial resistance
(Velo and Moretti, 2010). Furthermore, special populations like
pregnant women, children and older patients may be more
vulnerable also to low concentrations of medicines. Addressing
issues related to pharmaceutical pollution is therefore one of the
main current aims of pharmacovigilance.

At Frontiers in Drug Safety and Regulation, we are interested in
promoting research concerning the disciplines of
pharmacovigilance, pharmacoepidemiology, regulatory science
and public health to elevate regulatory sciences with patient-
oriented approaches addressing emerging issues concerning drug
safety.
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