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Abstract 

Pharmacovigilance plays a pivotal role in ensuring the safety and efficacy of medicines throughout their 

lifecycle. With the increasing complexity of drug therapy, polypharmacy, and global drug distribution, 

monitoring adverse drug reactions (ADRs) has become a critical public health responsibility. This project 

explores pharmacovigilance as a systematic framework designed to detect, assess, understand, and prevent 

adverse effects or any other drug-related problems. Through an extensive review of published review articles 

and regulatory documents, this study synthesizes existing evidence on pharmacovigilance systems, reporting 

mechanisms, signal detection methodologies, and regulatory practices. Key challenges such as underreporting, 

lack of awareness among healthcare professionals, and limitations of spontaneous reporting systems are 

highlighted. The findings emphasize the need for strengthened pharmacovigilance infrastructure, improved 

reporting culture, and integration of advanced data analytics. The study concludes that a robust 

pharmacovigilance framework significantly contributes to safer therapeutic practices and improved patient 

outcomes. 
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1. Introduction 

Medicines play a vital role in disease prevention, diagnosis, and treatment; however, their use 

may be associated with adverse drug reactions (ADRs), medication errors, drug interactions, 

and other safety concerns. These problems can increase morbidity, healthcare costs, 

hospitalization, and mortality, highlighting the need for continuous monitoring of medicine 

safety (World Health Organization, 2002). 

Pharmacovigilance is defined as the science and activities concerned with the detection, 

assessment, understanding, and prevention of adverse effects or other drug-related problems 

(World Health Organization, 2002). Its development was strongly influenced by the 

thalidomide tragedy, which demonstrated the limitations of pre-marketing safety evaluation 

and emphasized the importance of systematic post-marketing surveillance (Kim and Scialli, 

2011). 

Clinical trials cannot identify all potential safety risks because they generally involve limited 

populations and controlled conditions. Rare, delayed, or population-specific adverse effects 

may therefore become evident only after widespread use of a medicine (Rawlins, 1995). 

Pharmacovigilance provides a continuous system for identifying and evaluating such risks 

throughout the drug life cycle. 

The scope of pharmacovigilance has expanded beyond ADR reporting to include medication 

errors, drug interactions, lack of efficacy, misuse and abuse, vaccines, biological products, 

and substandard or falsified medicines (World Health Organization, 2002). Modern systems 

increasingly incorporate electronic health records, real-world data, patient registries, and 

digital reporting platforms to improve safety surveillance (Bate and Evans, 2009). 

Recent advances in artificial intelligence (AI), machine learning, natural language processing, 

and data mining have created new opportunities for automated ADR detection, signal 

identification, case processing, and predictive safety assessment (Harpaz et al., 2012; Dsouza 

et al., 2025). However, under-reporting, poor data quality, reporting bias, and limited 

awareness among healthcare professionals continue to challenge effective pharmacovigilance 

(Hazell and Shakir, 2006). 

Thus, pharmacovigilance represents a continuous and multidisciplinary framework for safer 

therapeutic practices, integrating ADR reporting, causality assessment, signal detection, risk 

management, safety communication, and benefit-risk evaluation. This review discusses the 
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current framework, emerging technologies, challenges, and future perspectives of 

pharmacovigilance in improving medication safety. 

 

Figure 1: Drug Life Cycle and Role of Pharmacovigilance. [Illustration of 

pharmacovigilance activities from pre-clinical development to post-marketing 

surveillance.] 

2. Fundamentals and Scope of Pharmacovigilance 

Pharmacovigilance is a systematic approach to identifying, evaluating, understanding, and 

preventing adverse effects and other medicine-related problems. It forms an important 

component of drug safety because the safety profile of a medicine continues to evolve even 

after regulatory approval and widespread clinical use. Pharmacovigilance therefore supports 

continuous evaluation of the benefit-risk balance of medicines throughout their life cycle 

(World Health Organization, 2002). It also provides essential evidence for regulatory 

decisions and clinical practice. Effective pharmacovigilance ultimately aims to minimize 

preventable medicine-related harm while maintaining therapeutic benefits. 

Pre-Clinical Development(In-
vitro and animal studies) 

•  Initial safety evaluation 

•Toxicity and pharmacological 
profiling 

Clinical Trials – Phase I 

•Safety and tolerability in 
healthy volunteers 

•  Dose range 
determination 

Clinical Trials – Phase II 

•Efficacy and short-term 
safety in patients 

•  Identification of 
common adverse effects 

•Clinical Trials – Phase III 

• Large-scale efficacy and 
safety evaluation 

•  Detection of frequent adverse 
reactions 

•Regulatory Approval 

• Benefit–risk assessment 
by regulatory authorities 

• Authorization for 
marketing 

•Post-Marketing Surveillance 
(Phase IV) 

• Spontaneous ADR reporting 

• Active surveillance and 
pharmacoepidemiological studies 

• Signal detection and risk evaluation 

•Regulatory Action and Risk 
Management 

•  Label updates and safety warnings 

•  Usage restrictions or drug withdrawal 

•  Continuous benefit–risk reassessment 
 



Vishwakarma et al., Pharmacovigilance: A Framework For Safer Therapeutics Practices 

1413 | Global Journal Of Pharmaceutical And Scientific Research, Volume 2, Issue 9, September 2026, ISSN: 3108-0103    

 

2.1 Definition and Core Concepts 

The fundamental concept of pharmacovigilance involves the systematic collection and 

evaluation of safety information associated with medicines. It includes the detection of 

suspected ADRs, assessment of their severity and causality, identification of safety signals, 

and implementation of appropriate risk-minimization measures. Modern pharmacovigilance 

also considers medication errors, drug interactions, misuse, abuse, lack of efficacy, and other 

medicine-related problems (Edwards and Aronson, 2000). The process requires collaboration 

among healthcare professionals, patients, pharmaceutical companies, and regulatory 

authorities. Continuous evaluation of safety information helps identify emerging risks at an 

early stage. 

2.2 Objectives of Pharmacovigilance 

The major objectives of pharmacovigilance are to identify previously unrecognized adverse 

effects, evaluate known risks, determine risk factors, prevent avoidable medicine-related 

harm, and improve the safe and rational use of medicines. Pharmacovigilance also supports 

regulatory decision-making and contributes to maintaining a favorable benefit-risk balance 

throughout the product life cycle (Waller and Evans, 2003). Another important objective is to 

improve awareness and reporting of suspected ADRs among healthcare professionals and 

patients. Timely safety information can facilitate appropriate clinical interventions and reduce 

the recurrence of preventable adverse events. 

2.3 Scope of Pharmacovigilance 

The scope of pharmacovigilance extends from early clinical development to post-marketing 

surveillance. It includes monitoring of conventional medicines, vaccines, biological products, 

herbal medicines, and other health products. It also encompasses ADRs, medication errors, 

drug interactions, therapeutic failure, misuse, abuse, and safety concerns related to 

substandard or falsified products (World Health Organization, 2002). With the expansion of 

healthcare technologies, pharmacovigilance increasingly incorporates electronic health 

records, patient registries, real-world evidence, and digital reporting systems. This broader 

scope enables more comprehensive assessment of medicine-related risks in diverse 

populations. 

 

2.4 Pharmacovigilance Across the Drug Life Cycle 
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Safety monitoring begins during clinical development and continues after marketing 

authorization. Pre-marketing studies provide initial safety information, whereas post-

marketing surveillance allows detection of rare, delayed, or population-specific adverse 

effects that may not be identified in clinical trials (Rawlins, 1995). Safety information 

obtained after marketing can lead to changes in prescribing recommendations, product 

labeling, warnings, or other regulatory actions. Thus, pharmacovigilance remains an ongoing 

process from drug development through routine clinical use. 

2.5 Importance in Clinical Safety 

Pharmacovigilance contributes to safer prescribing, dispensing, and administration of 

medicines by providing evidence about potential risks and appropriate preventive measures. 

Effective safety monitoring can support early intervention, improve patient outcomes, reduce 

preventable medicine-related harm, and strengthen confidence in healthcare systems (Hazell 

and Shakir, 2006). It also promotes rational medicine use by helping healthcare professionals 

recognize and manage potential safety problems. Integration of pharmacovigilance into 

routine clinical practice is therefore essential for achieving patient-centered and safer 

therapeutic outcomes. 

3. Adverse Drug Reactions and Medication-Related Risks 

Adverse drug reactions (ADRs) are an important cause of preventable morbidity and 

represent a major concern in clinical practice. They may occur due to the pharmacological 

properties of medicines, individual patient characteristics, inappropriate use, drug 

interactions, or medication errors. Systematic identification and assessment of these events 

are therefore fundamental components of pharmacovigilance (Edwards and Aronson, 2000). 

3.1 Adverse Drug Reactions 

An ADR is generally considered a harmful and unintended response to a medicinal product 

used at normal doses for prevention, diagnosis, or treatment. ADRs are traditionally classified 

into predictable and dose-related reactions and unpredictable reactions, while the commonly 

used Type A-F classification further describes their mechanisms and characteristics (Rawlins 

and Thompson, 1991). Understanding ADR classification helps healthcare professionals 

recognize potential risks and select appropriate management strategies. It also supports 

systematic analysis of safety data during pharmacovigilance activities. 

3.2 Serious and Unexpected Adverse Drug Reactions 
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Serious ADRs are events that result in death, are life-threatening, require hospitalization or 

prolong existing hospitalization, or cause significant disability or congenital abnormalities. 

Unexpected reactions are those whose nature or severity is not consistent with the available 

product safety information (World Health Organization, 2002). Such events require prompt 

documentation, evaluation, and reporting because they may indicate previously unidentified 

safety concerns. Early recognition can facilitate appropriate regulatory and clinical 

interventions. 

3.3 Medication Errors 

Medication errors are preventable events that may occur during prescribing, transcribing, 

dispensing, preparation, administration, or monitoring of medicines. They can result in 

inappropriate medication use or patient harm and may arise from communication failures, 

inadequate information, system weaknesses, or human factors (National Coordinating 

Council for Medication Error Reporting and Prevention, 2024). Pharmacovigilance systems 

can help identify patterns of medication errors and associated adverse outcomes. Analysis of 

these events supports the development of preventive measures and safer medication-use 

processes. 

3.4 Drug-Drug and Drug-Food Interactions 

Drug interactions occur when the effects or concentrations of one medicine are altered by 

another medicine, food, beverage, or other substance. Such interactions may increase toxicity, 

reduce therapeutic efficacy, or produce unexpected clinical effects, particularly in patients 

receiving multiple medicines (Pirmohamed, 2013). Pharmacovigilance monitoring is 

important for identifying clinically significant interactions that may not be fully recognized 

during clinical trials. Interaction data can subsequently guide prescribing recommendations 

and patient counseling. 

3.5 Drug Abuse, Misuse and Dependence 

Medicine misuse involves inappropriate use of a medicinal product, whereas abuse generally 

refers to intentional use for non-therapeutic purposes or harmful effects. Certain medicines 

can also produce physical or psychological dependence following prolonged or inappropriate 

use (World Health Organization, 2002). Monitoring these patterns is particularly important 

for medicines with dependence or abuse potential. Pharmacovigilance data can assist in 
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recognizing emerging patterns of misuse and supporting appropriate risk-minimization 

measures. 

3.6 Adverse Events Associated with Polypharmacy 

Polypharmacy, particularly the use of multiple medicines in older adults and patients with 

chronic diseases, increases the possibility of drug interactions, medication errors, and adverse 

outcomes. The risk generally increases with the number and complexity of medicines used 

(Maher et al., 2014). Pharmacovigilance can help identify medicine combinations associated 

with increased safety risks. Regular medication review and rational prescribing can reduce 

unnecessary exposure and improve therapeutic safety. 

3.7 Risks in Special Patient Populations 

Certain populations may be particularly vulnerable to medicine-related adverse effects 

because of physiological, developmental, or disease-related differences. These include 

pediatric and geriatric patients, pregnant and breastfeeding women, and individuals with renal 

or hepatic impairment (Lavan and Gallagher, 2016). Limited representation of some 

vulnerable populations in clinical trials makes post-marketing surveillance especially 

important for these groups. Targeted pharmacovigilance can help identify population-specific 

risks and support safer individualized therapy.  

4. Pharmacovigilance Throughout the Drug Development and Life Cycle 

Pharmacovigilance is a continuous process that begins during drug development and 

continues throughout the clinical use of a medicinal product. Safety information collected at 

different stages helps identify potential risks, evaluate the benefit-risk profile, and support 

appropriate regulatory and therapeutic decisions (Waller and Evans, 2003). 

4.1 Preclinical Safety Assessment 

Preclinical studies evaluate the pharmacological and toxicological properties of a candidate 

drug before its administration to humans. Animal studies and laboratory investigations 

provide important information regarding acute, chronic, reproductive, genotoxic, and organ-

specific toxicity (Olson et al., 2000). These investigations help identify potential safety 

concerns and establish appropriate doses for initial clinical studies. However, preclinical 

findings cannot completely predict adverse effects in humans, making subsequent clinical 

safety monitoring essential. 
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4.2 Pharmacovigilance During Clinical Development 

Pharmacovigilance during clinical development involves systematic monitoring of 

participants for adverse events and serious adverse events. Safety information from clinical 

trials is documented, assessed, and reviewed to determine whether observed events are 

related to the investigational product (Crowe et al., 2019). Clinical development provides 

controlled and structured safety data before marketing authorization. Nevertheless, the 

relatively small and selected study populations may limit the detection of rare or long-term 

adverse reactions. 

4.3 Phase I-III Clinical Trial Safety Monitoring 

Phase I trials primarily evaluate tolerability, pharmacokinetics, and dose-related safety, 

whereas Phase II studies provide additional safety information in patients receiving 

therapeutic doses. Phase III trials involve larger populations and provide comparative safety 

and efficacy data before regulatory approval (Kennedy-Martin et al., 2015). Continuous 

adverse-event monitoring across these phases helps identify emerging safety signals. Serious 

or unexpected events may require protocol modifications, additional investigations, or 

regulatory reporting. 

4.4 Post-Marketing Surveillance 

Post-marketing surveillance begins after a medicine receives regulatory approval and is 

introduced into routine clinical practice. It provides safety information from larger and more 

diverse populations than those generally included in clinical trials (Golder et al., 2016). 

Spontaneous ADR reporting, observational studies, registries, and real-world data are 

important sources of post-marketing safety information. These approaches can identify rare, 

delayed, or population-specific adverse effects that were not apparent before approval. 

4.5 Phase IV Pharmacovigilance 

Phase IV studies are conducted after marketing authorization to further evaluate the safety, 

effectiveness, utilization, and long-term outcomes associated with a medicine. These studies 

may include post-authorization safety studies, observational investigations, and targeted 

monitoring programs (Golder et al., 2016). Phase IV pharmacovigilance can provide evidence 

regarding long-term exposure and use in populations underrepresented in clinical trials. 

Findings may contribute to changes in prescribing recommendations, product labeling, or 

risk-management measures. 
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4.6 Continuous Benefit-Risk Assessment 

The benefit-risk profile of a medicine may change as new safety and effectiveness 

information becomes available during routine use. Continuous assessment integrates 

emerging ADR reports, clinical studies, real-world evidence, and utilization data to determine 

whether therapeutic benefits continue to outweigh potential risks (Guo et al., 2010). When 

significant risks are identified, regulatory authorities may introduce warnings, restrictions, 

additional monitoring, or other risk-minimization measures. Thus, pharmacovigilance 

remains active throughout the entire life cycle of a medicinal product. 

5. Pharmacovigilance Data Sources and Reporting Systems 

Pharmacovigilance depends on multiple sources of safety information to identify, assess, and 

monitor medicine-related risks. Combining spontaneous reports with clinical, observational, 

and real-world data improves the detection of safety signals and provides a broader 

understanding of medicine safety (Hazell and Shakir, 2006). The quality, completeness, and 

diversity of these data sources directly influence the effectiveness of pharmacovigilance 

activities. Integration of multiple sources can also help overcome the limitations associated 

with individual reporting systems. 

5.1 Spontaneous ADR Reporting Systems 

Spontaneous reporting systems (SRS) are among the most widely used approaches for 

detecting suspected ADRs after medicines enter clinical practice. Healthcare professionals, 

patients, and pharmaceutical companies can submit reports containing information about the 

suspected medicine, adverse event, patient, and clinical outcome (Inácio et al., 2017). These 

systems are relatively inexpensive and can monitor large populations over long periods. 

However, under-reporting, incomplete information, and reporting bias remain major 

limitations that may affect signal detection. 

5.2 Clinical Trial Data 

Clinical trials provide systematically collected safety information under controlled research 

conditions. Adverse events and serious adverse events are documented throughout clinical 

development and assessed according to predefined procedures (Zhang et al., 2019). Clinical 

trials are essential for establishing the initial safety profile of a new medicine before 

approval. However, their limited sample sizes and restrictive eligibility criteria may prevent 

detection of rare or long-term adverse effects. 
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5.3 Electronic Health Records 

Electronic health records (EHRs) contain information such as diagnoses, prescriptions, 

laboratory results, treatment history, and clinical outcomes. Their increasing availability 

provides opportunities for automated identification and evaluation of medicine-related 

adverse events (Bates et al., 2009). EHR-based surveillance can capture safety information 

from routine clinical practice and diverse patient populations. Appropriate linkage and 

analysis of EHR data can support earlier identification of potential safety concerns. 

5.4 Patient Registries 

Patient registries systematically collect information about individuals with particular diseases, 

treatments, exposures, or clinical outcomes over extended periods. They are particularly 

useful for monitoring medicines in specific populations and evaluating long-term safety 

outcomes (Gliklich et al., 2014). Registries can provide detailed clinical information that may 

be unavailable in spontaneous reports. They are especially valuable for rare diseases, 

biological products, specialized therapies, and vulnerable patient populations. 

5.5 Prescription and Drug Utilization Data 

Prescription and drug-utilization databases provide information regarding medicine-use 

patterns, including prescribing frequency, dosage, treatment duration, and patient 

characteristics. These data can be combined with safety outcomes to investigate potential 

relationships between medicine exposure and adverse events (Wettermark et al., 2013). Such 

databases are valuable for pharmacoepidemiological investigations and population-level 

safety assessments. They can also help determine whether medicines are being used 

according to recommended indications and precautions. 

5.6 Medical Literature and Case Reports 

Published case reports, case series, observational studies, and clinical investigations are 

important sources of pharmacovigilance information. Literature surveillance can identify 

suspected ADRs that may not have been reported through formal spontaneous reporting 

systems (Bergvall et al., 2018). Regular and systematic literature screening is therefore an 

important pharmacovigilance activity. Detailed case descriptions may provide useful 

information for evaluating the clinical characteristics and potential significance of safety 

signals. 
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5.7 Patient-Reported Adverse Events 

Patients can directly provide information regarding adverse effects experienced during 

medicine use. Patient reporting may capture symptoms, treatment experiences, and quality-

of-life effects that may not always be recognized or documented by healthcare professionals 

(Inácio et al., 2017). Direct patient participation strengthens the patient-centered approach to 

pharmacovigilance. It may also improve the identification of subjective or less clinically 

obvious adverse effects and encourage greater public involvement in medicine safety. 

5.8 Social Media and Digital Health Data 

Social media platforms, online patient communities, mobile applications, and other digital 

health resources generate large volumes of health-related information. These sources may 

provide early indications of suspected adverse effects and patient experiences with medicines 

(Sarker et al., 2015). Natural language processing and text-mining techniques can assist in 

extracting potential safety information from large digital datasets. Nevertheless, data 

reliability, duplicate information, privacy, verification, and representativeness remain 

important concerns. 

5.9 Real-World Data and Real-World Evidence 

Real-world data (RWD) are generated from routine healthcare settings, including EHRs, 

claims databases, registries, and other healthcare sources. Appropriate analysis of RWD can 

generate real-world evidence (RWE) regarding the safety and effectiveness of medicines in 

broader patient populations (Sherman et al., 2016). RWE can complement evidence obtained 

from clinical trials by reflecting medicine use under routine conditions. Its integration with 

conventional pharmacovigilance data can strengthen continuous benefit-risk assessment and 

support regulatory decision-making. 

6. ADR Reporting and Pharmacovigilance Case Management 

Adverse drug reaction (ADR) reporting is a fundamental component of pharmacovigilance 

because it provides information for identifying potential medicine-related safety concerns. 

Effective case management ensures that reported information is accurately documented, 

assessed, processed, and followed up for appropriate safety evaluation (World Health 

Organization, 2002). A well-structured case-management process improves the quality and 

reliability of individual case safety reports. It also supports timely identification of signals 

and appropriate regulatory action. 
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6.1 Identification of Suspected ADRs 

Identification of a suspected ADR begins when a healthcare professional or patient observes 

an undesirable clinical event following exposure to a medicinal product. The suspected 

relationship may be based on temporal association, clinical characteristics, previous 

knowledge, or improvement following withdrawal of the medicine (Edwards and Aronson, 

2000). Healthcare professionals should maintain a high level of suspicion when unexpected 

clinical events occur during drug therapy. Early identification allows potentially important 

safety information to enter the pharmacovigilance system without unnecessary delay. 

6.2 ADR Reporting Process 

ADR reports generally contain information regarding the patient, suspected medicine, 

adverse event, concomitant medicines, relevant medical history, and clinical outcome. 

Reports may be submitted through national reporting systems, electronic platforms, 

healthcare institutions, or pharmaceutical companies (World Health Organization, 2002). 

Simple and accessible reporting procedures can encourage greater participation by healthcare 

professionals and patients. Timely reporting is particularly important for serious, unexpected, 

or potentially preventable reactions. 

 

 

Type A (Augmented 
Reactions) 

• Related to the 
pharmacological action 
of the drug. 

• Dose-dependent and 
predictable. 

• Usually preventable by 
dose adjustment. 

• Examples: 
Hypoglycemia with 
insulin; Bleeding with 
anticoagulants. 

Type B (Bizarre 
Reactions) 

• Unpredictable and not 
related to the drug’s 
pharmacological action. 

• Dose-independent. 

• Often associated with 
hypersensitivity or 
genetic factors. 

• Examples: Anaphylaxis 
with penicillin; 
Stevens–Johnson 
syndrome with 
sulfonamides. 

Type C (Chronic 
Reactions) 

• Associated with long-
term drug use. 

• Dose- and time-related. 

• Develop gradually 
during prolonged 
therapy. 

• Examples: Adrenal 
suppression with 
corticosteroids; 
Analgesic nephropathy. 
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Figure 2: Classification of Adverse Drug Reactions 

6.3 Case Documentation and Data Quality 

Accurate documentation is essential for the scientific evaluation of an ADR report. Important 

information includes patient demographics, drug exposure, dosage, treatment dates, clinical 

description, laboratory findings, concomitant therapy, and outcome (Bergvall et al., 2013). 

Incomplete or inconsistent reports may reduce the ability to assess causality and detect safety 

signals. Therefore, follow-up with the reporter may be necessary to obtain missing or 

clinically important information. 

6.4 Individual Case Safety Reports 

An Individual Case Safety Report (ICSR) is a structured record describing a suspected 

adverse reaction associated with one or more medicinal products in an individual patient. 

ICSRs form an important component of national and international pharmacovigilance 

databases (Uppsala Monitoring Centre, 2024). Standardized ICSR processing facilitates 

consistent evaluation and exchange of safety information. High-quality individual reports can 

contribute substantially to the detection of previously unrecognized safety signals. 

6.5 Seriousness and Severity Assessment 

Seriousness and severity are distinct concepts used in ADR assessment. Seriousness refers to 

regulatory outcomes such as death, life-threatening conditions, hospitalization, disability, or 

congenital anomaly, whereas severity describes the intensity of an adverse event (World 

Health Organization, 2002). Correct classification is important because serious cases may 

Type D (Delayed 
Reactions) 

• Occur after prolonged 
exposure or even after 
drug withdrawal. 

• Often serious and 
difficult to detect early. 

• Examples: 
Carcinogenicity with 
certain 
chemotherapeutic 
agents; Teratogenic 
effects of thalidomide. 

Type E (End of 
Treatment) 

• Occur following sudden 
discontinuation of a 
drug. 

• Related to withdrawal 
effects. 

• Examples: Rebound 
hypertension after 
stopping 
antihypertensives; 
Withdrawal symptoms 
with opioids or 
benzodiazepines. 

Type F (Failure of 
Therapy) 

• Unexpected lack of 
therapeutic efficacy. 

• Often related to drug 
interactions, resistance, 
or incorrect dosage. 

• Examples: Antibiotic 
resistance leading to 
treatment failure; Oral 
contraceptive failure 
due to enzyme-inducing 
drugs. 
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require expedited reporting and regulatory review. Consistent assessment also improves the 

prioritization of cases within pharmacovigilance databases. 

6.6 Expectedness Assessment 

Expectedness assessment determines whether the nature, severity, or specificity of an adverse 

reaction is consistent with previously established product safety information. Information 

from approved product labeling, investigator brochures, or reference safety documents may 

be used for this assessment (European Medicines Agency, 2017). Unexpected reactions may 

require additional investigation because they can represent emerging safety concerns. Regular 

comparison with updated safety information is therefore essential during case processing. 

6.7 Duplicate Case Identification 

Duplicate reporting can occur when the same adverse event is reported independently by 

different healthcare professionals, patients, regulatory authorities, or pharmaceutical 

companies. Duplicate cases can distort the apparent frequency of an event and may lead to 

inappropriate signal interpretation (Hoffman et al., 2018). Systematic duplicate detection is 

therefore an important quality-control activity. Electronic matching techniques and 

standardized case identifiers can assist in recognizing potentially duplicate reports. 

6.8 Follow-Up and Case Closure 

Follow-up involves obtaining additional information when an initial ADR report lacks 

important clinical or treatment details. Additional information may include laboratory results, 

treatment history, outcome, rechallenge or dechallenge information, and clarification of 

concomitant medicines (World Health Organization, 2002). Cases should be closed only after 

available information has been appropriately reviewed and documented. Continuous follow-

up of important cases improves the completeness of pharmacovigilance databases and 

strengthens subsequent signal assessment. 
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Figure 3: Factors influencing the Adverse Drug Reactions 

7. Causality Assessment and Signal Detection 

Causality assessment and signal detection are essential components of pharmacovigilance 

used to determine whether an observed adverse event may be associated with a medicinal 

product and to identify previously unrecognized safety concerns. These processes help 

transform individual safety reports into meaningful evidence for clinical and regulatory 

decision-making (Agbabiaka et al., 2008). Causality assessment evaluates the likelihood of a 

drug-event relationship, whereas signal detection identifies patterns of potential safety 

concerns across larger datasets. Together, they support timely evaluation and management of 

medicine-related risks. 

7.1 Causality Assessment of Adverse Drug Reactions 

Causality assessment involves evaluating the likelihood that a suspected medicine caused or 

contributed to an observed adverse event. Factors such as temporal relationship, alternative 

causes, dechallenge, rechallenge, previous evidence, and biological plausibility are 

considered during assessment (Agbabiaka et al., 2008). A systematic approach helps 

distinguish drug-related reactions from events caused by underlying diseases or other factors. 

It also improves the consistency of safety evaluation and supports appropriate clinical and 

regulatory decisions. 

7.2 Common Causality Assessment Methods 

Adverse Drug Reactions 

Patient-Related Factors 

Age 

Genetics 

Gender 

Allergies 

Body weight and 
Composition 

Drug-Related Factors 

Polypharmacy 

Dosage and 
Frequency 

Drug Type 

Medication Errors 

Disease-Related Factors 

Renal/ Hepatic 
Impairement 

Comorbidities 

Social and Exogenous 
Factors 

Alcohol and 
Smoking 

Dietary Factors 
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Several methods have been developed to assess ADR causality, including expert judgment, 

the WHO-UMC system, and structured algorithms such as the Naranjo algorithm. These 

approaches classify suspected reactions according to the probability of a causal relationship 

between the medicine and the adverse event (Naranjo et al., 1981; World Health 

Organization, 2000). Structured assessment methods provide a standardized approach for 

evaluating individual safety cases. However, differences in methodology and available 

clinical information may result in variation between causality assessments. 

7.3 Signal Detection and Signal Generation 

A pharmacovigilance signal is information suggesting a new or incompletely documented 

causal association between a medicine and an event that warrants further investigation. 

Signals may originate from individual case reports, spontaneous reporting databases, clinical 

studies, literature, or real-world data (Hauben and Bate, 2009). Signal detection helps identify 

potential safety concerns before sufficient evidence is available to establish a definitive 

association. Early identification allows potentially important risks to be investigated and 

managed promptly. 

7.4 Quantitative and Qualitative Signal Detection 

Signal detection may involve qualitative clinical review or quantitative statistical methods. 

Disproportionality techniques, including the reporting odds ratio (ROR), proportional 

reporting ratio (PRR), Bayesian confidence propagation neural network (BCPNN), and multi-

item gamma Poisson shrinker (MGPS), are commonly used to identify unexpectedly frequent 

medicine-event combinations (Bate and Evans, 2009). Quantitative methods enable rapid 

screening of large pharmacovigilance databases and help prioritize potential safety signals. 

Nevertheless, statistical disproportionality does not establish causality and must be followed 

by clinical and scientific evaluation. 

7.5 Signal Validation and Prioritization 

Potential signals identified through statistical or clinical methods require validation to 

determine whether the observed association is credible and warrants further investigation. 

Factors such as the strength of association, seriousness of the event, biological plausibility, 

novelty, data quality, and public-health impact may influence signal prioritization (European 

Medicines Agency, 2017). Prioritization helps pharmacovigilance teams focus available 
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resources on the most important safety concerns. Signals involving serious or life-threatening 

events generally receive greater attention because of their potential impact on public health. 

7.6 Signal Evaluation and Confirmation 

Signal evaluation involves detailed examination of available clinical, epidemiological, 

pharmacological, and statistical evidence. Additional sources such as clinical trials, 

observational studies, literature, registries, and electronic health records may be reviewed to 

determine whether the suspected association is supported (European Medicines Agency, 

2017). Further evidence may strengthen, weaken, or refute an initial signal. Confirmed safety 

concerns may result in changes to product information, additional monitoring, restrictions on 

use, or other risk-minimization measures. 

7.7 Benefit-Risk Assessment 

Benefit-risk assessment integrates evidence regarding the therapeutic benefits of a medicine 

with its identified and potential risks. It is a continuous process because new safety 

information may alter the overall profile of a medicinal product (Edwards and Aronson, 

2000). A medicine may remain clinically valuable when its benefits outweigh identified risks 

and appropriate risk-minimization measures are available. Pharmacovigilance therefore 

supports balanced therapeutic decisions rather than focusing exclusively on adverse events.  

9. Risk Management and Risk Minimization 

Risk management and risk minimization are essential components of pharmacovigilance 

aimed at identifying, characterizing, preventing, and reducing medicine-related risks. These 

activities ensure that the benefits of medicines continue to outweigh their potential risks 

during routine clinical use (European Medicines Agency, 2017). Risk management is a 

continuous process that evolves as new safety information becomes available. Effective risk-

minimization measures can reduce preventable harm and promote safer therapeutic practices. 

9.1 Identification and Characterization of Drug-Related Risks 

Risk identification involves recognizing potential and confirmed safety concerns through 

ADR reports, clinical studies, epidemiological investigations, and other pharmacovigilance 

sources. Risk characterization considers the frequency, severity, affected populations, 

contributing factors, and clinical consequences of the identified risk (World Health 

Organization, 2002). Understanding the characteristics of a safety risk is essential for 
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selecting appropriate interventions. Continuous monitoring may reveal changes in the 

frequency or severity of an identified risk over time. 

9.2 Risk Management Plans 

A Risk Management Plan (RMP) describes the known and potential risks associated with a 

medicinal product and outlines measures for monitoring and controlling those risks. RMPs 

generally include routine pharmacovigilance activities and, when necessary, additional safety 

studies or risk-minimization measures (European Medicines Agency, 2017). The plan is 

updated when significant new safety information becomes available. This adaptive approach 

allows risk-management activities to remain relevant throughout the product life cycle. 

9.3 Risk Minimization Strategies 

Risk-minimization strategies are interventions designed to reduce the occurrence or severity 

of adverse drug reactions. Routine measures include appropriate product labeling, warnings, 

contraindications, dosage recommendations, and healthcare-professional information, while 

additional measures may include educational programmes, controlled-access systems, and 

patient monitoring (Duke et al., 2017). The choice of intervention depends on the nature and 

magnitude of the identified risk. Measures should be practical, evidence-based, and 

proportionate to the level of risk. 

9.4 Regulatory Safety Actions 

Regulatory authorities may take safety actions when new evidence indicates that the benefit-

risk profile of a medicine has changed. Actions may include safety warnings, label 

modifications, restrictions on use, additional monitoring requirements, suspension, or 

withdrawal of a product (Breckenridge and Woods, 2017). Regulatory decisions are generally 

based on an integrated assessment of available clinical and pharmacovigilance evidence. 

Timely regulatory intervention can prevent further exposure to serious and avoidable risks. 

9.5 Safety Alerts and Product Labeling 

Product labeling provides important safety information to healthcare professionals and 

patients, including contraindications, warnings, precautions, adverse reactions, and clinically 

significant interactions. Safety alerts may be issued when urgent information needs to be 

communicated to healthcare professionals or the public (European Medicines Agency, 2017). 

Regular updating of safety information ensures that emerging evidence is reflected in clinical 
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practice. Clear and understandable communication is essential for effective implementation 

of safety recommendations. 

9.6 Communication of Drug Safety Information 

Effective communication is a central element of pharmacovigilance because safety 

information must reach the appropriate stakeholders in a timely and understandable manner. 

Regulatory authorities and pharmaceutical companies may use safety communications, 

healthcare-professional letters, websites, prescribing information, and educational materials 

to communicate emerging risks (World Health Organization, 2006). Poor communication can 

reduce the effectiveness of otherwise appropriate risk-minimization measures. Transparent 

and evidence-based communication can improve awareness, support informed therapeutic 

decisions, and maintain public confidence. 

9.7 Continuous Monitoring of Risk-Minimization Measures 

Risk-minimization activities should be evaluated to determine whether they are achieving 

their intended objectives. Monitoring may include assessment of prescribing patterns, 

healthcare-professional knowledge, patient behavior, ADR reporting trends, and other 

relevant safety indicators (European Medicines Agency, 2017). If a measure is found to be 

ineffective, it may need to be modified or strengthened. Continuous evaluation therefore 

ensures that pharmacovigilance remains responsive to changing safety conditions. 

9. Global Pharmacovigilance Framework 

Pharmacovigilance operates through national and international systems designed to collect, 

evaluate, exchange, and act upon medicine-safety information. International collaboration is 

essential because adverse drug reactions may occur across different populations and 

countries, while shared safety databases facilitate the identification of important safety 

signals (World Health Organization, 2004). A coordinated global framework strengthens 

regulatory decision-making and promotes consistent approaches to medicine safety. It also 

supports timely communication of emerging risks among countries and regulatory 

organizations. 

9.1 WHO Programme for International Drug Monitoring 

The WHO Programme for International Drug Monitoring (WHO PIDM) was established in 

1968 to promote systematic international monitoring of medicine safety. It enables 
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participating countries to contribute suspected ADR reports and share safety information for 

global signal detection (World Health Organization, 2024). The programme provides a 

worldwide network connecting national pharmacovigilance centres and regulatory 

authorities. This collaboration forms an important foundation for international medicine-

safety surveillance. 

9.2 Role of the Uppsala Monitoring Centre 

The Uppsala Monitoring Centre (UMC) supports the WHO pharmacovigilance network and 

manages VigiBase, the WHO global database of individual case safety reports. It also 

develops scientific methods and tools for improving international pharmacovigilance 

activities (Uppsala Monitoring Centre, 2024). VigiBase facilitates the analysis of safety 

information collected from multiple countries. UMC also contributes to pharmacovigilance 

training, methodological development, and international safety collaboration. 

9.3 Pharmacovigilance in the United States 

In the United States, medicine safety is monitored primarily by the U.S. Food and Drug 

Administration (FDA) through systems including the FDA Adverse Event Reporting System 

(FAERS). The FDA evaluates adverse-event data and may initiate regulatory actions when 

important safety concerns are identified (U.S. Food and Drug Administration, 2024). The 

system incorporates spontaneous reports and information from post-marketing studies and 

other sources. Regulatory actions may include safety communications, labeling changes, 

additional monitoring, or restrictions on medicine use. 

9.4 Pharmacovigilance in the European Union 

The European Union has a coordinated pharmacovigilance system involving the European 

Medicines Agency (EMA), national competent authorities, and pharmaceutical companies. 

The EudraVigilance database supports collection, management, and analysis of suspected 

adverse reactions associated with medicines used within the European Economic Area 

(European Medicines Agency, 2024). This system facilitates the identification and evaluation 

of potential safety signals across European countries. It also supports coordinated regulatory 

decisions and communication of important safety information. 

9.5 Pharmacovigilance in India 
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India has established the Pharmacovigilance Programme of India (PvPI) to strengthen the 

monitoring of adverse drug reactions. The programme is coordinated by the Indian 

Pharmacopoeia Commission through a network of ADR Monitoring Centres (Indian 

Pharmacopoeia Commission, 2024). Healthcare professionals and patients can report 

suspected ADRs through established reporting mechanisms. Data generated through PvPI 

contribute to national safety assessment and India's participation in the global 

pharmacovigilance network. 

9.6 Role of National Regulatory Authorities 

National regulatory authorities are responsible for ensuring the safety, efficacy, and quality of 

medicines within their jurisdictions. They evaluate pharmacovigilance information and may 

require additional studies, labeling modifications, safety warnings, restrictions, or withdrawal 

of medicines when necessary (World Health Organization, 2004). Regulatory authorities also 

establish pharmacovigilance requirements for pharmaceutical companies. Their decisions 

translate safety evidence into measures aimed at protecting public health. 

9.7 International Collaboration and Harmonization 

International collaboration promotes the exchange of safety information and harmonization of 

pharmacovigilance standards. Organizations such as WHO, ICH, EMA, FDA, and national 

pharmacovigilance centres contribute to developing common terminology, reporting 

standards, and safety-monitoring approaches (International Council for Harmonisation, 

2024). Harmonized practices improve the comparability and quality of safety information 

between countries. They also reduce duplication and facilitate coordinated responses to 

emerging global safety concerns. 

9.8 Role of Pharmaceutical Companies 

Pharmaceutical companies have important responsibilities in monitoring the safety of their 

medicinal products throughout the product life cycle. Their activities include collecting and 

evaluating safety reports, maintaining pharmacovigilance systems, conducting post-

marketing studies, identifying signals, and submitting required safety information to 

regulatory authorities (European Medicines Agency, 2017). Companies are also responsible 

for implementing appropriate risk-management and risk-minimization measures. Effective 

collaboration between industry and regulatory authorities is essential for timely management 

of medicine-related risks. 
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9.9 Global Challenges and Future Directions 

Despite the development of international pharmacovigilance networks, differences in 

reporting practices, healthcare infrastructure, data quality, regulatory requirements, and 

technological capabilities remain challenging. Under-reporting and limited 

pharmacovigilance capacity in some regions can reduce the completeness of global safety 

information (World Health Organization, 2004). Future systems are expected to increasingly 

integrate artificial intelligence, real-world evidence, digital reporting, and international data-

sharing platforms. Greater harmonization and collaboration can support more proactive, 

rapid, and predictive global medicine-safety surveillance. 

10. Strategies for Strengthening Pharmacovigilance 

Strengthening pharmacovigilance requires coordinated efforts to improve ADR reporting, 

data quality, healthcare-professional awareness, regulatory capacity, and the use of emerging 

technologies. An effective system should move beyond passive reporting toward proactive 

identification, evaluation, and prevention of medicine-related risks (World Health 

Organization, 2006). Integration of clinical practice, digital technologies, real-world 

evidence, and patient participation can make safety surveillance more responsive. Such 

improvements are essential for reducing preventable medication-related harm and promoting 

safer therapeutic practices. 

10.1 Improving ADR Reporting Culture 

Under-reporting remains a major limitation of pharmacovigilance systems. Increasing 

awareness among healthcare professionals and patients, simplifying reporting procedures, 

and providing timely feedback can encourage greater participation in ADR reporting (Hazell 

and Shakir, 2006). Electronic and mobile-based reporting platforms can further reduce the 

time and effort required to submit reports. Regular feedback to reporters can also demonstrate 

the value of their contributions and encourage continued reporting. 

10.2 Pharmacovigilance Education and Training 

Continuous education is important for improving the knowledge and practical skills of 

healthcare professionals involved in medicine safety. Training should cover ADR 

recognition, documentation, causality assessment, reporting procedures, and risk 

communication (Lopez-Gonzalez et al., 2009). Pharmacovigilance concepts can be 

incorporated into undergraduate and postgraduate healthcare curricula. Periodic professional 
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training can help maintain awareness of changing regulatory requirements and emerging 

safety concerns. 

10.3 Strengthening Patient Participation 

Patients can provide valuable information about adverse effects and treatment experiences 

that may not always be identified by healthcare professionals. Direct patient reporting has 

therefore become an increasingly important component of patient-centered 

pharmacovigilance (Inácio et al., 2017). Patient-friendly reporting systems and educational 

campaigns can improve public awareness of medicine safety. Greater patient involvement can 

also strengthen the diversity and completeness of pharmacovigilance data. 

10.4 Digitalization of Reporting Systems 

Digital pharmacovigilance platforms can improve the speed, accessibility, and quality of 

safety reporting. Electronic reporting systems can facilitate standardized data collection, 

automated case processing, follow-up, and integration with national safety databases (Bates 

et al., 2009). Digitalization can reduce administrative workload and improve the availability 

of safety information for analysis. Interoperability between healthcare and pharmacovigilance 

systems is particularly important for efficient data exchange. 

10.5 Integration of AI and Big Data 

Artificial intelligence, machine learning, natural language processing, and big-data analytics 

can support automated identification of adverse events and potential safety signals. These 

technologies can analyze large and heterogeneous datasets more rapidly than conventional 

manual approaches (Harpaz et al., 2012). AI-assisted pharmacovigilance may improve case 

triage, literature screening, duplicate detection, and signal prioritization. However, 

appropriate validation, transparency, human oversight, and monitoring for algorithmic bias 

are essential before widespread implementation. 

10.6 Strengthening Regulatory Collaboration 

Effective pharmacovigilance requires strong cooperation among regulatory authorities, 

healthcare institutions, pharmaceutical companies, researchers, and international 

organizations. Sharing safety information and harmonizing regulatory practices can improve 

the identification and management of emerging risks (World Health Organization, 2004). 

International collaboration is particularly important for medicines marketed across multiple 
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countries. Coordinated regulatory action can prevent duplication and facilitate rapid 

responses to significant safety concerns. 

10.7 Improving Data Quality and Interoperability 

High-quality pharmacovigilance data are essential for reliable causality assessment and signal 

detection. Standardized terminology, complete case documentation, consistent coding, and 

interoperable databases can improve the accuracy and usability of safety information 

(Uppsala Monitoring Centre, 2024). Adoption of standardized data formats and 

internationally recognized medical terminology can facilitate information exchange. Better 

interoperability can also enable integration of spontaneous reports with electronic health 

records and real-world data. 

10.8 Development of Predictive Safety Models 

Predictive pharmacovigilance uses statistical methods, machine learning, and real-world data 

to identify patients, medicines, or clinical situations associated with increased safety risks. 

Such approaches have the potential to complement traditional reactive surveillance systems 

(Bate and Evans, 2009). Predictive models may allow earlier identification of high-risk 

situations and support targeted monitoring. Their clinical usefulness, however, depends on 

reliable datasets, appropriate validation, and careful interpretation of predictions. 

11. Future Perspectives 

The future of pharmacovigilance is moving toward more proactive, predictive, patient-

centered, and technology-driven safety surveillance. Increasing access to real-world data, 

digital health technologies, artificial intelligence, and advanced analytical methods is 

expected to improve the early identification and management of medicine-related risks (Bate 

et al., 2018). Future pharmacovigilance systems will increasingly integrate information from 

multiple sources rather than relying solely on spontaneous ADR reporting. This transition can 

support faster safety decisions and more individualized approaches to medication safety. 
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Figure 4: Role of pharmacovigilance in improving patient safety and therapeutic 

outcomes. 

11.1 Pharmacovigilance 4.0 

Pharmacovigilance 4.0 represents the integration of digital technologies, automation, artificial 
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on complex clinical assessments. However, human oversight will remain essential for 

interpreting safety signals and making clinically meaningful decisions. 

11.2 Predictive and Preventive Pharmacovigilance 

Future pharmacovigilance is expected to progress from detecting adverse events after they 

occur toward predicting patients and medicines at increased risk. Machine-learning models 

and real-world data may help identify risk factors before serious adverse outcomes develop 

(Harpaz et al., 2012). Predictive approaches could support targeted monitoring and early 
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databases may enable more individualized risk assessment. Such approaches could contribute 

to safer prescribing and improved therapeutic outcomes. 

11.4 Pharmacogenomics and Pharmacovigilance 

Pharmacogenomics provides information about how genetic variation influences drug 

response and susceptibility to adverse reactions. Genetic biomarkers can help identify 

patients who may be particularly vulnerable to specific drug-related toxicities (Pirmohamed, 

2013). Integration of pharmacogenomic information into pharmacovigilance may strengthen 

risk prediction and support personalized medicine. Further research is required to establish 

clinically useful genetic markers for routine safety monitoring. 

11.5 AI-Driven Real-Time Safety Surveillance 

Artificial intelligence and machine learning have the potential to analyze large volumes of 

clinical, electronic, and real-world data in near real time. AI-based systems may assist with 

ADR identification, automated case processing, signal detection, and risk prediction (Bates et 

al., 2021). Real-time surveillance could shorten the interval between the occurrence of a 

safety event and its detection. Nevertheless, algorithm validation, transparency, data quality, 

and regulatory oversight will be necessary for safe implementation. 

11.6 Integration of Wearables and Digital Biomarkers 

Wearable devices and digital health technologies can continuously collect information such 

as physiological measurements, activity patterns, and other health indicators. These data may 

provide additional evidence for detecting changes associated with medicine use outside 

traditional healthcare settings (Coravos et al., 2019). Integration of wearable-derived 

information with pharmacovigilance systems could facilitate continuous monitoring of 

patients. Appropriate validation and protection of patient privacy will be essential before 

these data are widely incorporated into safety assessments. 

11.7 Patient-Generated Health Data 

Patient-generated health data obtained through mobile applications, online platforms, home-

monitoring devices, and patient-reported outcomes can provide valuable information about 

medicine experiences. Such information may capture symptoms and treatment effects that are 

not always documented in conventional healthcare records (Sarker et al., 2015). Greater use 

of patient-generated data can strengthen patient participation in pharmacovigilance. 
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Standardized methods for verification and interpretation will be necessary to ensure the 

reliability of these data. 

11.8 Global Collaborative Safety Monitoring 

Future pharmacovigilance will require stronger international cooperation and integration of 

safety information across countries and healthcare systems. Global databases and harmonized 

standards can facilitate rapid identification of safety signals and coordinated regulatory 

responses (World Health Organization, 2024). Improved interoperability between national 

pharmacovigilance systems could enhance the detection of rare and geographically 

distributed safety events. International collaboration will therefore remain central to 

achieving comprehensive and responsive medicine-safety surveillance. 

12. Conclusion 

This study comprehensively reviewed the concept, importance, and current practices of 

pharmacovigilance as a framework for safer therapeutic practices. Through systematic 

analysis of review literature, the study highlighted the burden of adverse drug reactions, the 

limitations of existing reporting systems, and the critical role of pharmacovigilance in post-

marketing drug safety. 

The findings emphasize that effective pharmacovigilance requires coordinated efforts 

involving healthcare professionals, regulatory authorities, and patients. Strengthening 

reporting systems, improving awareness, and adopting advanced analytical tools were 

identified as key strategies for enhancing drug safety and patient care. Pharmacovigilance is a 

dynamic and evolving discipline that plays a vital role in ensuring the safe use of medicines 

throughout their lifecycle. As therapeutic options continue to expand and healthcare systems 

become more complex, the importance of proactive drug safety monitoring will continue to 

grow. 

Sustained commitment from regulatory agencies, healthcare institutions, and policymakers is 

essential for the continuous improvement of pharmacovigilance systems. By fostering a 

strong safety culture and embracing innovation, pharmacovigilance can significantly 

contribute to public health protection and strengthen trust in therapeutic interventions. 
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