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ABSTRACT

Pharmacovigilance has evolved from focusing solely on adverse drug reaction (ADR) reporting to a comprehensive,
patient-centered approach that ensures medication safety throughout a drug's life cycle. It now includes the monitoring of
medication errors, drug interactions, vaccine safety, materiovigilance, and continuous benefit—risk assessment. Advances in
artificial intelligence, machine learning, big data, electronic health records, digital reporting, and real-world evidence have
strengthened signal detection and regulatory decision-making. However, challenges such as under-reporting, poor data
quality, privacy concerns, and unequal pharmacovigilance infrastructure remain. Enhancing global collaboration, increasing
the involvement of healthcare professionals and patients, and adopting advanced digital technologies are essential for
improving medication safety and protecting public health.
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INTRODUCTIO

Burden of Adverse drug reactions worldwide:

Adverse drug reactions (ADRs) are a major cause of morbidity and mortality worldwide and remain one of the leading
medication-related challenges in healthcare. They contribute significantly to hospital admissions, prolonged
hospitalization, increased healthcare costs, and reduced quality of life [1]. Although medicines undergo rigorous testing
before approval, rare or delayed adverse effects often become evident only after widespread use in diverse patient
populations. According to the World Health Organization (WHO), unsafe medication practices and medication-related
harm account for millions of preventable injuries each year, emphasizing the need for continuous monitoring of
medicine safety [2].

Why medication safety is a Global priority

Medication safety is the prevention of avoidable harm while maximizing the therapeutic benefits of medicines. It is a
global priority because medication-related harm is a leading cause of preventable patient injury and increased
healthcare costs. Medication errors can occur at any stage of the medication-use process, particularly during
polypharmacy, complex treatment regimens, and transitions of care[3]. Effective pharmacovigilance, continuous
monitoring, timely reporting, and collaboration among healthcare professionals are essential to reduce preventable
harm and improve patient outcomes [4].

Evolution of Pharmacovigilance

Pharmacovigilance has evolved from ADR reporting to a proactive, patient-centered approach to medication safety. It
now includes medication errors, vaccine safety, materiovigilance, risk management, benefit—risk assessment, and
continuous safety monitoring throughout the drug life cycle [5]. Advances in electronic health records, real-world
evidence, artificial intelligence, big data analytics, and digital reporting have strengthened safety signal detection and
regulatory decision-making, improving public health [6].
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HISTORY AND EVOLUTION OF PHARMACOVIGILANCE
I. Historical drug disasters:
The evolution of pharmacovigilance has been largely influenced by several historical drug disasters that highlighted the
need for effective drug safety monitoring. The first major incident was the chloroform disaster in 1848, in which the
death of a young patient following chloroform anaesthesia raised concerns about medicine safety. Later, the Elixir
Sulphanilamide disaster of 1937 resulted in the deaths of more than 100 people due to the use of the toxic solvent
diethylene glycol, leading to the introduction of stricter drug safety regulations before medicines could be marketed.
Another significant event was the thalidomide tragedy in 1961, where the use of thalidomide during pregnancy caused
severe congenital birth defects in thousands of infants worldwide. This tragedy emphasized the importance of rigorous
drug testing and post-marketing surveillance. More recently, Vioxx (rofecoxib) was withdrawn from the market in 2004
after post-marketing studies revealed an increased risk of serious cardiovascular events such as heart attack and stroke
[7]. These incidents demonstrated that clinical trials alone cannot identify all drug-related risks and highlighted the
importance of continuous monitoring of medicine safety throughout a drug’s life cycle [8]. As a result, they laid the
foundation for the development and strengthening of modern pharmacovigilance systems to protect public health [9].
2. Birth of modern Pharmacovigilance:
The thalidomide tragedy of 1961 marked the beginning of modern pharmacovigilance by highlighting the need for
continuous monitoring of medicine safety after marketing. In response, regulatory authorities across the world
strengthened drug approval processes and introduced stricter safety regulations[10]. To promote international
collaboration in monitoring adverse drug reactions (ADRs), the World Health Organization (WHO) established the
Programme for International Drug Monitoring (PIDM) in 1968. This programme encouraged member countries to
collect, evaluate, and share ADR reports to improve patient safety [I1]. In 1978, the Uppsala Monitoring Centre
(UMC) in Sweden became the WHO Collaborating Centre for International Drug Monitoring and was entrusted with
managing the global database of Individual Case Safety Reports (ICSRs). These initiatives established the foundation of
modern pharmacovigilance by creating an organized international system for detecting, assessing, and preventing
medicine-related risks while promoting safer use of medicines worldwide [12].
3. Major milestones:
Since its establishment, pharmacovigilance has achieved several important milestones that have strengthened
medicine safety worldwide. During the 1990s, the International Council for Harmonisation (ICH) introduced
harmonized guidelines for adverse event reporting and safety data management, improving consistency among
regulatory agencies [13]. The establishment of the European Medicines Agency (EMA) in 1995 enhanced post-
marketing surveillance and benefit—risk assessment across Europe. The launch of EudraVigilance in 2001 improved
electronic reporting and signal detection of adverse drug reactions [l14]. Later, the European Union
Pharmacovigilance Legislation (2012) strengthened risk management, increased patient involvement in ADR
reporting, and enhanced transparency in medicine safety monitoring [15]. Together, these milestones have made
pharmacovigilance a more efficient and patient-centred system for ensuring the safe use of medicines [16].
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FUNDAMENTALS OF PHARMACOVIGILANCE

e Detecting adverse effects, toxicities, or

/ . ® Assessing if the therapeutic benefits of a
\ | medication continue to outweigh it’s potential
3 risks to patients.

F

Definition:
Pharmacovigilance is the science and activity of detecting, assessing, understanding, and preventing adverse
effects or any other drug-related problems [17].

Objectives:

e The primary objective is to protect public health
and enhance patient safety by continuously
monitoring medicines.

ADVERSE |
EFFECT REPORT

interactions that were not identified during
initial clinical trials.

e Minimising the risk of medication errors and N ARy
taking regulatory action if a drug’s safety
profile becomes unacceptable.

e Encouraging the safe, effective, and cost-effective
use of medicines by educating both patients
and healthcare professionals.

Figure 02:
Scope:
The scope of pharmacovigilance extends beyond adverse drug reaction (ADR) monitoring to ensure
medicine safety throughout the drug life cycle. It includes clinical trial safety, post-marketing surveillance,
development of Risk Management Plans (RMPs), and regulatory compliance through timely reporting of
safety information [18]. These activities help identify and minimize medicine-related risks, maximize
therapeutic benefits, and ensure the safe and effective use of medicines while protecting public health [19].
Importance in healthcare:
Pharmacovigilance plays a crucial role in improving healthcare by ensuring the safe and effective use of
medicines. It supports real-world safety monitoring to identify rare or long-term adverse effects, helps
prevent patient harm and reduce healthcare costs through early detection of medication-related risks, and
contributes to safer drug development and regulatory decision-making [20]. By ensuring transparency,
timely communication, and appropriate regulatory actions, pharmacovigilance also maintains public trust
and promotes the rational use of medicines [21].

ADVERSE DRUG REACTIONS

I. Definition:
The unintended, noxious, or harmful response to a drug that occurat normal therapeutic doses, medication
errors, misuse, abuse, overdoses or off-labeluses [22].
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3. Risk factors:
I. Clinical impact:
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¢ Increased Morbidity and Mortality: ADRs can increase disease severity, cause serious complications, and
may lead to preventable deaths [23].

e Prolonged Hospitalization: ADRs often result in extended hospital stays, increased healthcare costs, and
the need for additional medical care [24].

e Treatment Disruption: ADRs may require dose reduction, temporary interruption, or discontinuation of
therapy, leading to reduced treatment effectiveness and poor patient outcomes [25].
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DRUG SAFETY MONITORING THROUGHOUT THE DRUG LIFE CYCLE

Preclinical safety:

Preclinical safety is the initial stage of drug safety evaluation conducted before a new medicine is tested in
humans. It involves in vitro (laboratory) and in vivo (animal) studies to assess the safety profile of a drug
candidate. These studies evaluate acute, subacute, and chronic toxicity, genotoxicity, carcinogenicity,
reproductive and developmental toxicity, and safety pharmacology to identify any harmful effects on major
organ systems [26]. Preclinical studies also help determine the No Observed Adverse Effect Level (NOAEL),
which is used to estimate a safe starting dose for human clinical trials. The primary goal of preclinical safety
assessment is to identify potential risks, ensure an acceptable safety margin, and support regulatory approval
before clinical trials are initiated [27].

Clinical trial safety:

Clinical trial safety is an essential part of drug development that evaluates the safety of a medicine in human
participants before it is approved for marketing. Clinical trials are conducted in different phases to identify
adverse events, assess the frequency and severity of adverse drug reactions (ADRs), determine a safe dosage
range, and evaluate the overall benefit-risk profile of the drug [28]. Throughout the trial, participants are
closely monitored, and all adverse events are documented, assessed, and reported to regulatory authorities
and ethics committees. Continuous safety monitoring helps identify potential risks early, ensures participant
protection, and supports decisions regarding the continuation, modification, or termination of clinical trials
[29].

Post-marketing surveillance:

Post-marketing surveillance is the continuous monitoring of a medicine after it has been approved for public
use. It aims to identify rare, delayed, or long-term adverse drug reactions (ADRs) that may not have been
detected during preclinical studies or clinical trials. Safety information is collected through spontaneous ADR
reporting systems, patient registries, electronic health records, observational studies, and pharmacovigilance
databases [30]. The collected data help identify new safety concerns, evaluate the long-term safety of
medicines, update prescribing information, implement risk minimization measures, and support regulatory
decisions when necessary. Therefore, post-marketing surveillance is an essential component of
pharmacovigilance that ensures the continued safe and effective use of medicines throughout their life cycle
[311.

Continuous benefit-risk assessment:

Continuous benefit—risk assessment is the ongoing evaluation of whether the benefits of a medicine outweigh
its potential risks after it is approved for use. As new safety information is collected from adverse drug
reaction reports, clinical studies, scientific literature, and real-world clinical practice, the benefit-risk profile of
the medicine is regularly reviewed [32]. If new safety concerns are identified, regulatory authorities may
update prescribing information, issue safety warnings, recommend risk minimization measures, restrict the use
of the medicine, or withdraw it from the market if necessary. Continuous benefit—risk assessment ensures that
medicines continue to provide maximum therapeutic benefit while maintaining patient safety throughout their
life cycle [33].

THE PHARMACOVIGILANCE PROCESS

Ensuring Medicine Safety Throughout the Product Lifecycle
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PHARMACOVIGILANCE SYSTEMS AROUND THE WORLD

World Health Organization programme:

The World Health Organization (WHO) plays a leading role in promoting pharmacovigilance globally through
the WHO Programme for International Drug Monitoring (PIDM), established in 1968. The programme
supports member countries in monitoring the safety of medicines by encouraging the collection, assessment,
and sharing of adverse drug reaction (ADR) reports [34]. WHO develops international guidelines, promotes
collaboration among national pharmacovigilance centres, and supports signal detection and risk communication
to improve patient safety worldwide [35].

Uppsala Monitoring Centre:

The Uppsala Monitoring Centre (UMC), located in Sweden, became the WHO Collaborating Centre for
International Drug Monitoring in 1978. It manages VigiBase, the world’s largest global database of Individual
Case Safety Reports (ICSRs), received from countries participating in the WHO Programme. UMC supports
signal detection, causality assessment, data analysis, training, and the development of pharmacovigilance tools
such as VigiFlow, thereby strengthening global medicine safety monitoring [36].

Pharmacovigilance programme of India:

In India, pharmacovigilance is coordinated through the Pharmacovigilance Programme of India (PvPl), which
was launched in 2010 by the Ministry of Health and Family Welfare. The Indian Pharmacopoeia Commission
(IPC) serves as the National Coordination Centre (NCC) and is responsible for collecting, analysing, and
monitoring ADR reports received from Adverse Drug Reaction Monitoring Centres (AMCs) across the
country [37]. The programme supports signal detection, benefit—risk assessment, regulatory decision-making,
and communication of medicine safety information. India is also an active member of the WHO Programme
for International Drug Monitoring and contributes ADR reports to the global database managed by UMC [38].

ROLE OF HEALTHCARE PROFESSIONALS

2,

3.

Pharmacists:
Pharmacists play a key role in pharmacovigilance by contributing to the safe and effective use of medicines
through:
e Detecting suspected adverse drug reactions (ADRs) during routine patient care.
o  Assessing the causality, severity, preventability, and clinical significance of ADRs.
e Reporting suspected ADRs accurately and promptly to pharmacovigilance centres or regulatory
authorities.
e Monitoring patients for medicine-related problems, particularly those receiving high-risk drugs or
multiple medications [39].
e Preventing ADRs by identifying medication errors, drug interactions, and providing medication
counselling.
o  Educating patients and healthcare professionals about ADR reporting and the rational use of
medicines.
o Collaborating with physicians, nurses, and other healthcare professionals to improve medication
safety and patient outcomes [40].
Physicians:
Physicians play a central role in pharmacovigilance by:
¢ Diagnosing suspected adverse drug reactions (ADRs) based on clinical evaluation.
Identifying medicines responsible for ADRs and evaluating possible risk factors.
Managing ADRs by modifying, discontinuing, or changing drug therapy when necessary.
Reporting suspected ADRs to national pharmacovigilance centres or regulatory authorities.
Prescribing medicines rationally by considering the patient’s medical history and risk factors.
Monitoring treatment outcomes and medicine safety during follow-up.
Counselling patients about the benefits, risks, and possible adverse effects of medicines.
Contributing to pharmacovigilance programs through active participation in ADR reporting and
medication safety initiatives [41].
Nurses:
Nurses play a crucial role in pharmacovigilance by ensuring patient safety through:
e  Observing patients closely for signs and symptoms of adverse drug reactions (ADRs).
e Recognizing and identifying unexpected or unusual reactions during treatment.

[7]
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Documenting ADRs accurately in patient records.
Reporting suspected ADRs promptly to the physician or pharmacovigilance centre.
Administering medicines safely by following the prescribed dose, route, and timing.
Educating patients and caregivers about possible adverse effects and the importance of reporting
them.
Communicating ADR-related information effectively with the healthcare team.
e Supporting continuous monitoring of patients to improve medication safety and quality of care
[42].
Patients:
Patients contribute to pharmacovigilance by:
e Reporting adverse drug events (ADEs) directly to pharmacovigilance centres or regulatory
authorities.
e  Providing patient-reported outcomes (PROs) that reflect real-world experiences with medicines.
e  Supporting signal detection by reporting new, rare, or unexpected adverse drug reactions.
e Reducing blind spots in pharmacovigilance by reporting adverse effects that may not be
recognized or reported by healthcare professionals.
e  Sharing complete information on medicine use, symptoms, and treatment outcomes.
e  Participating actively in medicine safety monitoring to improve patient care and public health [43].

MEDICATION SAFETY BEYOND ADVERSE DRUG REACTIONS REPORTING

Medication errors:

Medication errors are preventable events that may lead to inappropriate medication use or patient harm
and can occur at any stage of the medication-use process. Common causes include poor communication,
incorrect prescribing, look-alike or sound-alike medicines, inadequate labelling, lack of training, and
system-related failures. As an important component of pharmacovigilance, identifying, reporting, and
analyzing medication errors help prevent adverse events, improve medication practices, and enhance
patient safety [44].

Drug Interactions:

Drug interactions occur when the effects of a medicine are altered by another medicine, food, herbal
product, or disease, affecting its safety or effectiveness. They may increase adverse drug reactions, reduce
therapeutic efficacy, or cause unexpected clinical outcomes. Drug interactions are classified as drug—drug,
drug—food, drug-herb, and drug—disease interactions, as well as pharmacokinetic and pharmacodynamic
interactions. Patients receiving multiple medications, older adults, and individuals with chronic diseases are
at higher risk. Therefore, identifying, monitoring, and preventing drug interactions are essential
components of pharmacovigilance to optimize drug therapy and improve patient safety [45].

Medication Conciliation:

Medication reconciliation is the systematic process of obtaining, verifying, and documenting a patient’s
complete medication list during transitions of care. It involves comparing current and newly prescribed
medicines during admission, transfer, and discharge to identify and resolve discrepancies. This process
helps prevent medication errors, drug interactions, and adverse drug events, improving patient safety
through collaboration among physicians, pharmacists, nurses, and patients [46].

Vaccine Pharmacovigilance:

Vaccine pharmacovigilance involves the detection, assessment, understanding, and prevention of adverse
events following immunization (AEFIs). It continuously monitors vaccine safety, identifies rare or
unexpected adverse events, evaluates the benefit—risk profile of vaccines, and supports timely regulatory
action. By collecting safety information through reporting systems and surveillance programs, vaccine
pharmacovigilance strengthens public confidence and promotes the safe and effective use of vaccines [47].
Materiovigilance:

Materiovigilance is the systematic monitoring of the safety, performance, and quality of medical devices to
identify, assess, and prevent device-related adverse events. In India, the Materiovigilance Programme of
India (MvPI), launched in 2015 and coordinated by the Indian Pharmacopoeia Commission (IPC), monitors
and evaluates medical device-related adverse events. Materiovigilance helps identify device-related risks,
improve device performance, support regulatory decision-making, and ensure the safe and effective use of
medical devices [48].

(8]



CHALLANGES IN PHARMACOVIGILANCE
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Despite significant advancements, pharmacovigilance continues to face several challenges that affect the
effectiveness of medicine safety monitoring. These include:

Addressing these challenges through improved reporting systems, education, international collaboration, and
technological advancements is essential to strengthen pharmacovigilance and ensure patient safety [49].

FUTURE PERSPECTIVES

Artificial Intelligence:

Artificial Intelligence (Al) is transforming pharmacovigilance by enabling the rapid analysis of large volumes of
safety data. Al-based tools can automate adverse drug reaction (ADR) case processing, support signal
detection, assist in causality assessment, and improve benefit—risk evaluation. By reducing manual effort and
improving efficiency, Al is expected to strengthen future pharmacovigilance systems and support faster
regulatory decision-making [50].

Big Data:

Big data has become an important resource for pharmacovigilance by integrating information from electronic
health records, pharmacovigilance databases, insurance claims, clinical studies, and social media [51]. The
analysis of these large datasets helps identify rare adverse events, detect safety trends, and improve the
understanding of medicine safety in diverse populations.

Real-World Evidence:

Real-world evidence provides information on the safety and effectiveness of medicines in routine clinical
practice [52]. It is generated from sources such as electronic health records, patient registries, and healthcare
databases. RWE complements clinical trial data by identifying long-term and rare adverse drug reactions,
supporting regulatory decisions, and improving benefit—risk assessment [53].

Digital Reporting

Digital reporting systems have simplified the collection and reporting of adverse drug reactions through online
portals, mobile applications, and electronic reporting platforms [54]. These systems enable faster submission
of safety reports, improve data quality, promotepatient participation, and facilitate timely signal detection and
regulatory action.

Personalized machine

Advances in pharmacogenomics and personalized medicine are expected to improve medication safety by
tailoring drug therapy according to an individual’'s genetic profile, disease characteristics, and treatment
response[55]. This approach helps minimize adverse drug reactions, optimize therapeutic outcomes, and
support safer, patient-centeredhealthcare [56].

[9]
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REAL-TIME PHARMACOVIGILANCE

From Delayed Detection to Instant Action for Patient Safety

REAL-TIME
PHARMACOVIGILANCE

TRADITIONAL
PHARMACOVIGILANCE

Slow Continuous Monitoring
g Manual processes Real-time data collection from
multiple sources

.-.-. Months to Detect ‘ Al-Powered Analysis
Safety Signals Instant signal detection and
risk assessment

MONTHS TO DETECT
SAFETY SIGNALS DAYS

Figure 07:

CONCLUSION

Pharmacovigilance has evolved from ADR reporting to a comprehensive approach for ensuring medication safety
throughout the medicine life cycle. It includes post-marketing surveillance, risk management, medication error
reporting, vaccine pharmacovigilance, and materiovigilance. Advances in artificial intelligence, big data, real-world
evidence, and digital reporting systems have made pharmacovigilance more proactive and efficient. Although
challenges such as under-reporting and data quality remain, collaboration among healthcare professionals,
regulatory authorities, pharmaceutical industries, and patients is essential to strengthen pharmacovigilance and
ensure the safe, effective, and rational use of medicines.
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