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Abstract

Adverse drug reactions (ADRs) are estimated to be between the fourth and sixth most common cause of death worldwide,
taking their place among other prevalent causes of mortality such as heart disease, cancer, and stroke. ADRs impact a broad
range of populations across a wide variety of global geography and demographics, with significant mortality and morbidity
burden in vulnerable groups such as older people, pediatric populations, and individuals in low-income settings. Too large
a share of medicines risk management remains limited to signal detection in big ADR databases (USFDA, EMA, WHO,
etc.) This resource allocation is antiquated and applied statistical signal detection methodologies have reached their limits
of usefulness. In addition, existing databases are designed for short-term reactions, closely related to medication use and,
thus, can only partially assess important broader consequences across geography, time, and clinical relevance. There is an
urgent need change the dynamic. We need to identify (earlier and more regularly) many of the important but often over-
looked or missed ADRs. Rather than assigning blame, we need to identify the root causes of the problem so they can be
clearly addressed and fixed. The public health implications are profound—particularly as we recognize the importance of
predicting and mitigating the next pandemic. Consequently, medicines risk management must be integrated within a broader
global public health vision. To accomplish this, we need to develop the new tools and methodologies critical to assessing
these public health imperatives.
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Introduction: A Global Issue

Adverse drug reactions (ADRs) are estimated to be between
the fourth and sixth most common cause of death world-
wide, taking their place among other prevalent causes of
mortality such as heart disease, cancer, and stroke [1, 2].
ADRs impact a broad range of populations across a wide
variety of global geography and demographics, with signifi-
cant mortality and morbidity burden in vulnerable groups,
such as older people, pediatric populations, and individuals
in low-income settings [3].
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As we have previously argued, in a world increasingly
driven by outcomes reporting and Big Data, more patient-
level information from individual consumers is not always
synonymous with validated data. Despite the frustrating
increase in the signals-to-noise ratio, artificial intelligence
is becoming an ever-more significant source of potentially
valuable electronically generated health care information
[4]. Self-reporting must be encouraged throughout the phar-
macovigilance spectrum as well as a concerted effort to opti-
mize current reporting tools. However, that is not enough.

Some have argued that various abbreviated review path-
ways have led to more and more serious ADRs [5], but we
disagree. Safety events were significantly less common
among drugs with the shortest regulatory review times [6].
There are no easy answers.
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The Cost of the Problem

ADR-related healthcare costs are significant—and pre-
ventable. In the United States and Europe, the financial
burden is estimated at $30.1 billion US dollars and €79
billion euros, respectively [7, 8]. Despite improved access
to medicines, the data on the impact of ADRs in low-and
middle-income countries is scarce and very likely underes-
timated. A contextualized assessment of the global burden
of ADRs in terms of both patients, economics, and the
broader public health paradigm is a priority for the World
Health Organization (WHO). The burden of ADRs has
been further accentuated due to the COVID-19 pandemic,
as any drug safety issue can be a contributing risk factor
for vaccine hesitancy [9].

As Kjoersvik and Bate argue, effective identification of
previously implausible safety signals is a core component
of successful pharmacovigilance. Timely, reliable, and
efficient data ingestion and related processing are critical
to this. The term ‘black swan events’ was coined by Taleb
to describe events with three attributes: unpredictability,
severe, and widespread consequences, and retrospective
bias. These rare events are not well understood at their
emergence but are often rationalized in retrospect as pre-
dictable. Pharmacovigilance strives to rapidly respond to
potential black swan events associated with medicine or
vaccine use [10].

Although ADRSs can never be entirely eliminated (due
to unavoidable idiosyncratic events or those events of low
predictivity, such as bone marrow suppression) they can
be significantly mitigated, reducing both financial costs,
and human suffering.

Current Strategies and Tactics

Following the European thalidomide tragedy [11], the WHO
created the Program for International Drug Monitoring
(WHO PIDM) in 1968 [12]. Currently more than 170 coun-
tries are members. The goal of the WHO PIDMs is to detect
signals of any potential harm related to drug usage by gather-
ing all available information and making it publicly available
through a global drug monitoring database. The system is
based on the signals detected through the assessment of spon-
taneous notifications of suspected ADRs. Moving forward,
the WHO PIDM, the program should not only be restricted to
monitor, but also consider developing a context-specific drug
risk management program. In a parallel development, high-
income countries created their own national (i.e., USFDA)
and regional (i.e., EMA) risk management systems based on
regulatory sciences and dedicated resources. The role these
systems is to provide recommendations for all stakeholders,

regulatory, reimbursement, industry, academia, and provider
on all aspects of the drug/biologic lifecycle.

To continuously advance the global harmonization of
medicines regulation, the International Council for Har-
monization of Technical Requirements for Pharmaceuticals
for Human Use (ICH) [13] has, since 1990, issued many
guidance documents on optimizing pharmacovigilance sys-
tems. In 2001, the European Union (EU) established the
first regional pharmacovigilance system implementing a set
of evolving measures which included the EudraVigilance
database [14] for the management, collection, and analysis
of suspected ADRs (among other measures) of medicines
authorized within the European Union.

EudraVigilance and other measures to advance pharma-
covigilance: (“the science and activities relating to the detec-
tion, assessment, understanding and prevention of adverse
effects or any other medicine-related problems” [15]) exist
not only as regulatory concepts, but as legally binding,
evolving, and actionable public health practices, within the
broader regulatory concept of drug risk management.

Even with these transnationally coordinated and techno-
logically sophisticated efforts, the results are not particu-
larly impressive. Moving forwards, we must consider ways
to more fully maximize the institutional knowledge and
resources (both human and financial) of the biopharmaceu-
tical industry, and regulatory agencies, as well as the experi-
ences of both healthcare providers and patients.

Thinking Beyond the Status Quo

Pharmacovigilance policies and practices evolve through the
continuous assessment of benefit-risk ratios of medicines
in the post-marketing setting, through signal detection and
assessment, prevention, and interventions such as prophy-
lactic risk mitigation tools (such as the USAFDA’s REMS
programs [16]) and pharmacoepidemiologic studies. Phar-
macovigilance systems aim collect, analyze, and share and
promote access of safe and effective medicines,—even if the
facts sometime diverge from national public health interests
in low- and middle-income countries [17].

As an example, the implementation of any given interven-
tion designed for the reduction of medication harm specific
to Europe or the United States, may not be as easily adapted
in lower- and middle-income countries due to different
political, economic, and public health priorities. This can
be clearly seen in the utilization of pre-prescription gen-
otype-screening for the prevention of drug-induced severe
cutaneous adverse drug reactions (SCARS) which is neither
feasible nor affordable everywhere.

Similarly, probability scales, developed to help standard-
ize assessment of causality for all adverse drug reactions
[18] are one way to assign ADR predictability scores, but
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such tools still require advanced (and robust) collection
capabilities. As Liang, et al. point out, the quantity and qual-
ity of data directly affect the performance of Al, and there
are particular challenges to implementing Al in limited-
resource settings [19].

As we have argued previously, the widely variable ability
of nations to build reliable regulatory systems (from precise
review to robust pharmacovigilance) is a dangerous source
of health care inequality [20].

Williams, et al. [21] have argued that using iterative pair-
wise external validation to contextualize prediction model
performance, but the lack of interoperability of healthcare
databases has been the biggest barrier to this occurring on
a large scale.

Developing validated tools and techniques for “predictive
pharmacovigilance” will assist all health systems in better
understanding the risks and benefits of the medicines they
regulate by understanding what should be happening once a
new medicine moves from risk-benefit regulatory efficacy
to real-world risk-effectiveness. This will be of particular
utility for smaller regulatory agencies with fewer resources.
By comparing preapproval predictive pharmacovigilance
data, developing regulatory authorities will be able to bet-
ter understand the potential gap between what was predicted
and what was actually measured (via more traditional phar-
macovigilance methodologies). Predictive pharmacovigi-
lance recognizes the value of understanding the imperfect
reporting of real-world clinical use and that the absence of
reporting is an important post-marketing signal [20].

Global Challenges and Opportunities

Currently, national, regional, and global systems are con-
fronting several daunting challenges.

Today, generally accepted pharmacovigilance “best”
practice is largely focused on promoting spontaneous noti-
fication to enhance relevant signal detection. Consequently,
the number of case reports increases steadily, requiring
development of the statistical tools to identify potential “sig-
nals” from the broader “noise” and, as a result, the major-
ity of pharmacovigilance activities rely more on statistical
screening rather than comprehensive clinical assessment.

Statistical detection of signals in huge national, regional,
and global databases depends on the magnitude of dispro-
portionality of an association [22], which is based on the
number of case reports of interest and those used as refer-
ence. For example, a clinical event, like hepatitis, is more
often observed with the drug of interest than compared with
all other available drugs in a database. However, when the
number of case reports increases to exhaustivity (i.e., over
several hundred thousand case reports), even a small dif-
ference become statistically significant and could generate
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false-positive signals. In the same way, a high number of
reported side effects with the same drug in a short period
of time, such as the COVID-19 vaccine roll-out, can mask
signals associated with other drugs or combination of drugs.
In the short term, these statistical challenges can be handled
through modifications of current algorithms based on dispro-
portionality, but there is a strong need for innovative statisti-
cal approaches and the integration of both machine learning
and artificial intelligence [23] New challenges require new
and better solutions.

Spontaneous case reports refer mainly to easily recog-
nized side effects occurring in a short time frame and to a
limited number of patients (for example anaphylactic reac-
tions related antibiotic use), while delayed and less easily
recognized clinical side effects of significant public health
impact may not be identified at all. A good example of this
phenomenon is dementia related to benzodiazepine use [24].
Public health concerns related to medicines may stem not
only from unsuspected associations that affect a small num-
ber of cases, but from associations related to drugs, which
can increase the occurrence of common outcomes. Thus, the
current systems need to be improved to identify drug-related
side effects of wider public health concern.

In order to consider the wider impact of medications in
various areas (including society and economics), a novel
paradigm of drug risk management relating directly to public
health is needed. For such purpose, the definition of Global
Public Health may be useful: “Global health emphasis trans-
national health issues, determinants, and solutions; involves
many disciplines within and beyond the health sciences and
promotes interdisciplinary collaboration; and is a synthesis
of population-based prevention with individual-level clini-
cal care.” [25] Global Public Health needs to encompass
medicines risk management strategies and tactics as part
of a more inclusive interdisciplinary approach. Tools, such
as indicators for assessing the global impact of identified
and validated side effects within a more defined parameters
(nation, region, etc.) identified side effects settings of and the
new methodologies identifying drug associated public health
issues need to be developed. It also requires policy experts
and government officials to leave their comfort zones. Alas,
the status quo is a harsh mistress.

Conclusion: We Must Transcend the Status

Quo

Too large a share of medicines risk management remains
limited to signal detection in big ADR databases (USFDA,
EMA, WHO, etc.) This resource allocation is antiquated
and applied statistical signal detection methodologies have
reached their limits of usefulness. In addition, the existing
databases are designed for short-term reactions, closely



Therapeutic Innovation & Regulatory Science (2023) 57:100-103

103

related to medication use and, thus, can only partially assess
important broader consequences across geography, time, and
clinical relevance.

There is an urgent need to change the dynamic. We need
to identify (earlier and more regularly) many of the impor-
tant but often overlooked or missed ADRs. The public
health implications are profound—particularly as we rec-
ognize the importance of predicting and mitigating the next
pandemic. Consequently, medicines risk management must
be integrated within a broader global public health vision.
To accomplish this, we need to develop the new tools and
methodologies critical to assessing these public health
imperatives.
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