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ABSTRACT: 

Pharmacovigilance (PV) is a vital scientific 

discipline dedicated to monitoring, assessing, and 

mitigating adverse drug reactions (ADRs) and other 

drug-related risks throughout a medication’s 

lifecycle—from preclinical trials to post-marketing 

surveillance. By leveraging advanced technologies 

such as artificial intelligence (AI), machine 

learning, and real-world evidence (RWE), PV 

enhances drug safety through proactive signal 

detection and risk management. Despite challenges 

like underreporting, data inconsistencies, and 

resource limitations—particularly in low- and 

middle-income countries (LMICs)—global 

collaboration among regulatory agencies, 

pharmaceutical companies, and healthcare 

providers strengthens pharmacovigilance 

frameworks. The future of PV lies in personalized 

medicine, digital health integration, and patient-

centric approaches, ensuring safer medications and 

improved public health outcomes. 

Keywords: Pharmacovigilance, Drug Safety, 

Adverse Drug Reactions (ADRs), AI in Healthcare, 

Real-World Evidence (RWE), Regulatory 

Compliance. 

 

I. HISTORY: 
The history of pharmacovigilance reflects 

humanity's growing understanding of drug safety 

through centuries of medical practice. Ancient 

civilizations like Egypt, Greece, China, and India 

were among the first to document the toxic effects 

of herbal remedies. Hippocrates (460-370 BCE) 

laid important groundwork by establishing early 

principles of drug observation, emphasizing the 

need to monitor patient responses to treatments. 

These early efforts, while primitive by modern 

standards, represented the first attempts to 

understand and mitigate the risks associated with 

medicinal substances. 

During the Middle Ages, poisonings from 

unregulated medicines became increasingly 

common, yet systematic monitoring remained 

nonexistent. The situation changed with the 

Industrial Revolution, which introduced new risks 

through the mass production of drugs in the 19th 

century. This period saw the introduction of early 

regulations like Britain's 1848 Pharmacy Act and 

the 1906 U.S. Pure Food and Drug Act. While 

these measures primarily addressed the problem of 

dangerous adulterated medicines, they focused 

more on product quality than comprehensive safety 

monitoring, setting the stage for more sophisticated 

approaches to emerge later. 

A dramatic transformation in drug safety 

occurred following the 1937 Sulphanilamide 

disaster in the United States, where a toxic solvent 

in a liquid antibiotic formulation caused over 100 

deaths. This tragedy directly led to the passage of 

the 1938 Food, Drug and Cosmetic Act, which 

mandated pre-market safety testing for the first 

time. However, the defining moment for modern 

pharmacovigilance came with the thalidomide 

tragedy of the 1950s-60s, when thousands of babies 

worldwide were born with severe birth defects after 

their mothers took the morning sickness drug. This 

catastrophe exposed critical deficiencies in drug 

monitoring systems and served as the catalyst for 

establishing comprehensive pharmacovigilance 

programs. 

The modern era of pharmacovigilance 

began in earnest in 1968 when the World Health 

Organization established the International Drug 

Monitoring Programme and the Uppsala 

Monitoring Centre. These initiatives created the 

first global framework for adverse reaction 

reporting and analysis. The field continued to 

advance through the 1990s with the development of 

ICH guidelines that harmonized safety standards 

across international borders. The digital revolution 

of the 2000s brought transformative technologies 

like AI and big data analytics, enabling real-time 

surveillance and more sophisticated risk detection 

capabilities. 

In recent years, pharmacovigilance has 

faced its greatest test with the COVID-19 

pandemic, playing a crucial role in monitoring 

vaccine safety on an unprecedented scale. This 

experience has demonstrated pharmacovigilance's 

vital function in balancing rapid medical innovation 
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with patient safety. From ancient observations to 

today's high-tech surveillance systems, 

pharmacovigilance has continuously evolved to 

meet new challenges while protecting public 

health. As medicine continues to advance with new 

therapies and technologies, pharmacovigilance 

remains essential for ensuring that therapeutic 

benefits outweigh potential risks in an ever-

changing healthcare landscape. 

 

Key Milestone of Pharmacovigilance
[5-7] 

Year Event Significance 

1550 BCE Ebers Papyrus Early documentation of drug safety. 

1875 British Pharmacy Act First regulation to control drug content. 

1937 Sulfanilamide Disaster Led to mandatory pre-market drug safety testing. 

1960s Thalidomide Tragedy Established global pharmacovigilance systems. 

1968 
WHO’s Uppsala Monitoring 

Centre 
Global adverse event tracking begins. 

1990s 
International Council for 

Harmonisation (ICH) 
Unified global pharmacovigilance standards. 

2000s Digital Pharmacovigilance AI and Big Data transform drug safety monitoring. 

2020s AI-Driven ADR Prediction Shift from reactive to proactive drug safety strategies. 

 

II. INTRODUCTION: 
Pharmacovigilance (PV) is the scientific 

and strategic discipline dedicated to unveiling, 

evaluating, understanding, and pre-empting adverse 

effects and other drug-related concerns. 

As per the World Health Organization 

(WHO), it is "the science and activities relating to 

the detection, assessment, understanding, and 

prevention of adverse effects or any other drug-

related problems."[1] 

Essentially, it acts as the watchtower of medicine 

safety, ensuring that pharmaceutical innovations 

remain beneficial rather than harmful. 

 

Importance of Pharmacovigilance:- 

Pharmacovigilance serves as the backbone 

of ensuring the safe and effective use of medicines 

throughout their lifecycle. Pharmacovigilance is not 

just a regulatory requirement but a critical public 

health function that protects patients, enhances 

healthcare outcomes, and builds trust in 

pharmaceutical products.[1] 

Here are some importance of pharmacovigilance: 

i. Ensures Patient Safety. 

ii. Improves Public Health. 

iii. Enhances Drug Efficacy and Quality 

iv. Supports Regulatory Decision-Making 

v. Builds Trust in Healthcare Systems 

vi. Provides Economic Benefits 

vii. Addresses Emerging Challenges 

viii. Enables Crisis Management and Preparedness 

 

Overview of Safety Data Generation 

Safety data generation is a crucial process 

used to evaluate and ensure the safety of products, 

interventions, and procedures in various industries 

such as pharmaceuticals, food, chemicals, and 

consumer goods. This systematic approach 

involves risk assessment, regulatory compliance, 

and continuous monitoring to protect public health. 

 

Various Aspects of Safety data generation are - 

i. Preclinical and Clinical Studies 

(Pharmaceuticals & Medical Devices)- In the 

pharmaceutical and medical device sectors, 

safety data generation starts with preclinical 

testing, where laboratory experiments and 

animal studies assess toxicity, 

pharmacokinetics, and pharmacodynamics. 

Clinical trials then follow, progressing through 

multiple phases to determine safety, efficacy, 

dosage, and long-term effects in humans. 

Adverse event reporting and post-marketing 

surveillance are essential for tracking 

unexpected reactions and ensuring ongoing 

safety after a product reaches the market.[13] 

 

ii. Risk Assessment (Food, Chemicals, and 

Consumer Products)- For food, chemical, and 

consumer products, safety data generation 

involves conducting toxicological studies to 

determine exposure limits and potential 

hazards. Environmental impact assessments 

evaluate how substances affect ecosystems, 
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while regulatory compliance testing ensures 

that products meet national and international 

safety standards. These steps are vital for 

minimizing health risks associated with daily 

consumer use. 

 

iii. Post-Marketing Surveillance-After a product 

enters the market, continuous monitoring is 

necessary to detect any previously unidentified 

safety concerns. Pharmacovigilance systems 

track adverse events in drugs and medical 

devices, while consumer feedback and 

complaints provide real-world data for 

analysis. Companies must also submit periodic 

safety updates to regulatory authorities, 

ensuring that any emerging risks are addressed 

promptly.[23] 

 

iv. Regulatory Framework & Guidelines-

Global safety data generation follows 

established regulatory frameworks, including 

Good Laboratory Practice (GLP) and Good 

Clinical Practice (GCP), which ensure ethical 

and high-quality data collection. The 

International Conference on Harmonization 

(ICH) provides standardized safety protocols 

for global compliance, while post-approval 

regulations mandate continuous safety 

monitoring and reporting. 

 

v. Challenges in Safety Data Generation- 

Despite stringent regulations, several 

challenges exist, including incomplete or 

biased data collection, variations in regulatory 

requirements across countries, and ethical 

concerns surrounding data privacy. 

Additionally, new safety risks, such as 

unexpected drug interactions and long-term 

effects, require ongoing assessment and 

adaptation of safety measures. 

 

Importance of Safety Data from Drug 

Development to Post-Marketing: 

Safety data can play very important role from the 

development phase to the post marketing phase. 

These are- 

 

i. Safety Data in Drug Development- 
During drug development, safety data is 

generated through preclinical and clinical trials. In 

the preclinical phase, laboratory and animal studies 

assess toxicity, pharmacokinetics, and 

pharmacodynamics to determine a drug’s potential 

risks and benefits. Clinical trials, conducted in 

phases I to III, evaluate the drug’s safety and 

efficacy in humans, identifying side effects and 

establishing appropriate dosages. Without robust 

safety data, regulatory agencies such as the FDA 

and EMA cannot approve a drug for public use.[10] 

 

ii. Role of Safety Data in Post-Marketing 

Surveillance- 

Once a drug enters the market, safety 

monitoring continues through post-marketing 

surveillance (Phase IV trials). This is essential 

because clinical trials have limitations, such as 

small sample sizes and controlled conditions that 

may not reflect real-world use. Post-marketing 

safety data is collected through adverse event 

reporting systems, pharmacovigilance programs, 

and real-world evidence (RWE) studies. These data 

help detect rare, long-term, or previously unknown 

side effects, leading to necessary regulatory 

actions, such as label changes, dosage 

modifications or even drug recalls.[9] 

 

iii. Regulatory and Public Health Significance- 

Regulatory agencies rely on safety data to 

make informed decisions regarding drug approvals, 

warnings, and restrictions. Continuous safety 

monitoring helps maintain drug efficacy while 

minimizing risks. Moreover, transparent reporting 

of safety data fosters public trust in the 

pharmaceutical industry and ensures that patients 

receive safe and effective treatments. 

 

Key stakeholders in Safety Data Generation 

Pharmacovigilance is a collaborative 

effort involving multiple stakeholders, each playing 

a critical role in drug safety monitoring.[12,32,34] 

i. Regulatory Authorities- These organizations 

set drug safety standards, review reports, and 

take necessary actions. Examples include – 

FDA (U.S.) European Medicines Agency 

(EMA), CDSCO (India) World Health 

Organization (WHO) and Uppsala Monitoring 

Centre (UMC). 

ii. Pharmaceutical Companies- Drug 

manufacturers must conduct post-marketing 

surveillance (PMS), report ADRs, and comply 

with regulatory requirements to ensure 

ongoing safety. 

iii. Healthcare Professional– Doctors, 

pharmacists, and nurses play a crucial role in 

identifying and reporting ADRs, ensuring 

patient safety in clinical practice. 

iv. Patients and Consumers– Patients contribute 

by reporting side effects they experience, 
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enhancing real-world safety data collection. 

Many countries have direct patient reporting 

systems like the Yellow Card Scheme (UK) or 

MedWatch (USA). 

v. Academic and Research Institutions– 
Universities and research centers conduct 

pharmacovigilance studies, helping in drug 

risk assessment and improvement of safety 

protocols. 

 

SAFETY DATA GENERATION IN PRE-

CLINICAL PHASE: 

Preclinical safety assessment is a series of 

tests performed on new drugs before they are given 

to humans. These tests are done in a lab and in 

animals to evaluate the safety of the drug. 

 

Objectives of Pre-Clinical Safety Assessment: 

Pre-clinical safety assessment is a critical 

step in drug development that ensures the safety 

and feasibility of a drug candidate before it enters 

human clinical trials. The primary objectives of 

pre-clinical safety assessment include the 

following: 

 

a. Identify Potential Toxicity 

A primary objective of pre-clinical safety 

assessment is to evaluate the potential toxic effects 

of a drug on various organ systems. Toxicity 

studies, including acute, sub-chronic, and chronic 

toxicity tests, help determine the safe dosage range 

and identify any harmful effects. These studies 

ensure that drugs do not cause severe adverse 

reactions before progressing to human trials.[15] 

 

b. Determine Safe Starting Dose for Humans 

Pre-clinical studies help establish the 

highest non-toxic dose in animals, which is then 

used to calculate the human equivalent dose 

(HED). Determining the appropriate starting dose 

is crucial to minimize risks in early-phase clinical 

trials while ensuring the drug achieves its intended 

therapeutic effect.[14]  

 

c. Assess Pharmacokinetics and 

Pharmacodynamics (PK/PD)- 

Understanding how a drug behaves in the 

body is essential before testing it on humans. 

Pharmacokinetic (PK) studies analyze how the drug 

is absorbed, distributed, metabolized, and excreted 

(ADME), while pharmacodynamic (PD) studies 

examine how the drug interacts with biological 

targets to produce therapeutic effects. These 

assessments help predict drug efficacy and 

optimize dosing strategies.[17] 

 

d. Identify Target Organs for Toxicity- 

Certain drugs may specifically affect 

organs such as the liver, kidneys, heart, or central 

nervous system. Pre-clinical safety studies help 

identify which organs are at risk by conducting 

histopathological and biochemical analyses. 

Detecting organ-specific toxicity early allows 

researchers to modify drug formulations or dosages 

to reduce potential harm. 

 

e. Evaluate Genotoxicity and Carcinogenicity- 

Pre-clinical assessments also determine 

whether a drug has the potential to cause genetic 

mutations (genotoxicity) or contribute to cancer 

development (carcinogenicity). Standard tests, such 

as the Ames test and chromosomal aberration 

assays, help detect these risks and ensure that the 

drug does not pose long-term health hazards.[13] 

 

Types of Pre-Clinical studies: 

a. In Vitro Studies- In vitro studies are 

conducted in controlled environments outside 

living organisms, such as petri dishes or test 

tubes, and focus on cellular or molecular 

interactions. These studies are essential for 

understanding the mechanisms of action, 

toxicity, and efficacy of potential drugs at a 

fundamental level. Examples include cell 

culture studies, biochemical assays, and 

protein-binding experiments. In vitro research 

provides a cost-effective and ethical way to 

screen compounds before advancing to more 

complex in vivo studies.[14] 

 

b. In Vivo Studies- In vivo studies involve 

testing drugs or treatments in living organisms, 

typically animals like rodents (mice, rats) or 

non-rodents (rabbits, dogs, primates). These 

studies provide critical insights into how a 

drug behaves in a whole-body system, 

including its pharmacokinetics (absorption, 

distribution, metabolism, and excretion) and 

pharmacodynamics (biological effects). In vivo 

research is a key step in translating laboratory 

findings into potential human therapies.[14] 

 

c. Pharmacodynamics (PD) Studies- 
Pharmacodynamics studies examine the 

relationship between drug concentration and its 

biological effects. These studies help 

researchers understand how a drug interacts 
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with its target and the resulting therapeutic or 

toxic effects. PD studies are crucial for 

optimizing drug efficacy and minimizing side 

effects.[17] 

 

Limitations of Safety data Generation in Pre 

Clinical Trials: 

Preclinical trials (conducted in vitro and in 

animal models) are essential for initial safety 

assessments but have several key limitations that 

can affect their predictive value for human safety: 

 Animals may metabolize drugs differently than 

humans, leading to inaccurate toxicity 

predictions. 

 Preclinical studies use small animal cohorts 

and short exposure periods, missing rare or 

long-term adverse effects. 

 Unpredictable human-specific immune-

mediated reactions (e.g., drug-induced liver 

injury) are rarely identified in animals. 

 Healthy animals do not replicate human 

disease conditions (e.g., diabetes, renal 

impairment), which can alter drug toxicity. 

 Overly sensitive animal models may flag safe 

drugs as toxic (false positives), while others 

may miss human-relevant toxicities (false 

negatives). 

 Animal welfare regulations (e.g., 3Rs 

principle) limit testing, reducing the ability to 

fully characterize risks. 

 Comprehensive toxicology studies (e.g., 2-year 

carcinogenicity studies) delay drug 

development and increase costs. 

 Cell-based assays cannot replicate complex 

organ interactions or systemic effects seen in 

humans. 

 

Transition to Clinical Trials: 

The transition to clinical trials involves 

moving from pre-clinical studies to testing a drug 

in humans. Researchers must first submit an 

Investigational New Drug (IND) application to 

regulatory agencies like the FDA, including data 

from pre-clinical studies and plans for human trials. 

If approved, Phase I trials begin, focusing on safety 

and dosing in a small group of healthy volunteers 

or patients. Successful results lead to Phase II 

(testing efficacy and optimal dosing) and Phase III 

(confirming efficacy and monitoring side effects in 

larger groups). However, many drugs that succeed 

in pre-clinical studies fail in human trials due to 

safety issues, lack of effectiveness, or unexpected 

complications. 

 

SAFETY DATA GENERATION IN CLINICAL 

TRIALS: 

Safety monitoring in clinical trials is a 

well-organized, step-by-step process that focuses 

on keeping participants safe while making sure the 

trial produces reliable results. It follows ethical 

rules, government regulations, and strict scientific 

methods. Here’s a basic details about how safety is 

monitored in each phase of clinical trials (Phase I, 

II, and III). 

 

Monitoring of safety across Clinical Trail Phases 

a. Phase I Clinical Trial 

In Phase I trials, the primary focus is on 

assessing the safety, tolerability, and 

pharmacokinetics of a new drug in a small group of 

participants, typically 20 to 100 healthy volunteers 

or, in some cases, patients with the target condition 

(disease condition). Safety monitoring is intensive, 

with frequent assessments of vital signs, laboratory 

tests, and physical examinations to detect any signs 

of toxicity. Adverse events are meticulously 

recorded, and dose escalation is carefully managed 

to identify the maximum tolerated dose. 

Independent Data Safety Monitoring Boards 

(DSMBs) or internal safety teams may review data 

in real-time, and predefined stopping rules are in 

place to halt the trial if severe or unexpected 

adverse events occur.[21] 

 

b. Phase II Clinical Trial 

In Phase II trials, the focus expands to 

include both efficacy and safety in a larger group of 

participants, typically 100 to 300 patients with the 

target disease or condition. Adverse event 

monitoring continues, with an emphasis on 

identifying common side effects and evaluating the 

balance between the drug’s efficacy and safety 

profile. DSMBs play a more active role in 

reviewing interim data, and participants are 

monitored for longer durations to detect delayed or 

cumulative adverse effects. Risk mitigation 

strategies, such as dose adjustments or exclusion 

criteria for high-risk participants, are often 

implemented to enhance safety.[22] 

 

c. Phase III Clinical Trials 

In Phase III trials, the drug is tested in a 

large and diverse population of 1,000 to 3,000 or 

more patients with the target condition to confirm 

its efficacy, monitor side effects, and compare it to 

standard treatments or placebo. Safety monitoring 

at this stage focuses on identifying rare or long-

term adverse events and comparing the safety 
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profile of the investigational drug to existing 

treatments. DSMBs are heavily involved in 

reviewing interim results and making 

recommendations regarding trial continuation or 

termination based on safety concerns. The risk-

benefit ratio is continually assessed to ensure the 

drug’s benefits outweigh any observed risks, and 

potential safety signals are identified for further 

investigation in post-marketing studies.[21] 

 

Role of Data Safety Monitoring Boards DSMB 

A Data Safety Monitoring Board (DSMB) 

is an independent committee responsible for 

ensuring the safety of participants and the integrity 

of clinical trials. DSMBs play a crucial role in 

monitoring safety data, assessing risk-benefit 

balance, and making recommendations on trial 

continuation, modification, or termination.[19-20] 

a. Participant Safety- Data Safety Monitoring 

Boards (DSMBs) are primarily responsible for 

ensuring the safety of participants in clinical 

trials. They achieve this by regularly reviewing 

data on adverse events (AEs) and serious 

adverse events (SAEs) to identify any potential 

risks associated with the investigational 

product. By monitoring safety data, DSMBs 

can detect unexpected harms early and 

recommend actions to protect participants, 

such as modifying dosages, halting enrollment, 

or stopping the trial altogether if risks 

outweigh benefits. 

 

b. Trial Integrity and Scientific Validity- 
DSMBs play a key role in maintaining the 

scientific integrity of clinical trials. They 

review interim data to assess whether the trial 

is meeting its objectives, including evaluating 

efficacy endpoints to determine if the 

investigational product is effective or harmful. 

Using advanced statistical methods, DSMBs 

analyze accumulating data to ensure the trial’s 

results are valid and reliable. In blinded trials, 

they may access unblended data to make 

informed decisions without compromising the 

study’s integrity.[22] 

 

c. Ethical Oversight- Ethical oversight is a 

critical function of DSMBs. They ensure that 

clinical trials are conducted in an ethical 

manner and that participants are not exposed to 

unnecessary risks. This includes reviewing 

whether participants are adequately informed 

about potential risks and benefits, particularly 

if new safety concerns arise during the trial. By 

prioritizing participant welfare, DSMBs 

uphold the ethical principles of clinical 

research. 

 

d. Decision-Making Authority- DSMBs have 

the authority to make recommendations about 

the continuation, modification, or termination 

of a clinical trial. Based on their review of 

safety and efficacy data, they can recommend 

stopping a trial early if there is clear evidence 

of harm, overwhelming efficacy, or futility. 

They communicate these recommendations to 

trial sponsors, investigators, and regulatory 

agencies, ensuring transparency and 

accountability in the decision-making 

process.[21-22] 

 

e. Independence and Objectivity- DSMBs 

operate independently, consisting of experts 

such as clinicians, statisticians, and ethicists 

who have no conflicts of interest with the trial 

sponsors or investigators. This independence 

ensures that their decisions are objective and 

unbiased, free from external influence. Their 

impartial oversight is crucial for maintaining 

trust in the trial’s outcomes. 

 

Challenges in Clinical Safety Data Generation 

Clinical safety data generation is a critical 

component of drug development and post-

marketing surveillance, but it comes with several 

challenges. These challenges can arise at various 

stages, from data collection to analysis and 

interpretation.[21,29,33-35] 

Here are some challenges 

i. Data Quality and Completeness- One of the 

primary challenges in clinical safety data 

generation is ensuring data quality and 

completeness. Inconsistent reporting methods 

across different sites or regions, missing 

information, and inaccuracies in data entry or 

coding can significantly compromise the 

integrity of safety assessments. Without 

reliable and comprehensive data, it becomes 

difficult to draw accurate conclusions about a 

drug's safety profile.[21,33] 

 

ii. Patient Diversity and Representation- 
Clinical trials often lack diverse representation, 

which can lead to incomplete safety data. 

Genetic differences, pre-existing conditions, 

and environmental factors influence drug 

response, making it essential to gather safety 

data from a broad and representative 
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population. However, logistical barriers, 

recruitment challenges, and ethical concerns 

limit diversity in clinical trials. 

 

iii. Real-Time Safety Monitoring- Timely 

detection of adverse events is crucial for 

participant safety, but traditional monitoring 

methods rely on periodic site visits and manual 

reporting, leading to delays. While digital 

health tools like wearable devices and 

electronic health records (EHRs) have 

improved real-time monitoring, they also 

introduce concerns related to data security, 

integration, and validation.[29] 

 

iv. Regulatory Compliance and Global 

Variability- Regulatory agencies such as the 

FDA, EMA, and WHO have different safety 

reporting requirements, making compliance 

complex. Harmonizing safety data collection 

across multiple regulatory bodies and ensuring 

adherence to global standards is a resource-

intensive task for clinical trial sponsors.[35] 

 

v. Long-Term Safety Assessment- Many 

adverse effects may appear only after 

prolonged drug exposure, making long-term 

safety assessment crucial. However, Phase III 

trials may not always capture these risks, 

necessitating Phase IV post-marketing 

surveillance. Ensuring continuous patient 

follow-up and consistent data collection in 

real-world settings remains a challenge.[21] 

 

POST-APPROVAL SAFETY DATA 

GENERATION 

Post-approval safety data generation refers 

to the collection and analysis of safety information 

about a drug, medical device, or vaccine after it has 

been approved for use by regulatory authorities 

(e.g., FDA, EMA). This process is critical for 

monitoring the long-term safety and effectiveness 

of products in real-world settings, as pre-approval 

clinical trials may not capture all potential risks due 

to limited sample sizes, duration, or patient 

diversity. 

 

Here are some importance of PMS- 

 Detection of Rare or Long-Term Adverse 

Effects 

 Compliance with Regulatory Requirements 

 Risk Management and Mitigation 

 Enhancing Public Health and Patient Safety 

 Supporting Post-Marketing Studies and Real-

World Evidence (RWE) 

 Maintaining Market Confidence 

 Economic and Legal Protection for 

Manufacturers 

 

Methods of Data Collection 

The methods of data collection in post-

marketing surveillance can be classified into 

passive and active surveillance, each with its own 

strengths and limitations.[10] 

a. Passive Surveillance- Passive surveillance 

relies on voluntary reporting of adverse events 

by healthcare providers, patients, or 

pharmaceutical companies. It is a cost-

effective approach that allows for the 

collection of data from a wide geographic area. 

However, it is often delayed by underreporting, 

inconsistent data quality, and a lack of 

denominator data (i.e., the total number of 

patients exposed to the drug).[9,12]Despite 

these challenges, passive surveillance systems 

like FAERS and EudraVigilance have been 

instrumental in identifying safety signals, such 

as the association between SSRIs and suicidal 

behaviour in adolescents.[24] 

 

Example of passive surveillance are spontaneous 

reporting systems and notifiable disease 

reporting etc. 

 

b. Active Surveillance-Active surveillance 

involves proactive and systematic data 

collection, often through targeted initiatives 

such as sentinel sites, registries, or longitudinal 

studies. This approach ensures higher data 

quality and completeness, making it 

particularly useful for monitoring high-risk 

drugs or populations.[24] 

 

For example, the FDA’s Sentinel Initiative 

uses distributed data networks to actively monitor 

the safety of medical products in real-time.[25,29] 

Active surveillance is also employed in vaccine 

safety monitoring, where rapid detection of adverse 

events is critical. 

 

Challenges in Post-Marketing Safety Data 

Despite its importance, post-marketing safety data 

generation faces several challenges:[29-36] 

 Underreporting and Data Quality Issues 

 Complexity of Real-World Data 

 Signal Validation 

 Regulatory and Ethical Considerations 
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 Global Coordination 

 

Challenges in Safety Data generation 

Despite significant advancements in 

pharmacovigilance, several challenges continue to 

hinder the generation of robust safety data, which is 

crucial for effective drug safety monitoring. These 

challenges can compromise the ability to detect and 

respond to adverse drug reactions (ADRs), 

potentially putting patients at risk. 

Here are several Challenges in safety data 

generation: 

a. Underreporting– The Silent Gap in Drug 

Safety One of the biggest hurdles in 

pharmacovigilance is that many adverse drug 

reactions (ADRs) slip through the cracks. 

Doctors, pharmacists, and even patients often 

miss reporting side effects—sometimes 

because they’re too busy, sometimes because 

they don’t realize it’s important, and 

sometimes because they aren’t sure if the drug 

was really to blame. This "silent gap" means 

dangerous side effects—especially rare or 

delayed ones—can go unnoticed until it’s too 

late, putting patients at risk.[33-36] 

 

b. Data Quality– Garbage In, Garbage Out- If 

safety reports are messy, incomplete, or 

inconsistent, the whole system suffers. Imagine 

trying to solve a puzzle with missing pieces—

pharmacovigilance faces the same problem. 

Poor-quality data can lead to wrong 

conclusions, misleading regulators, and even 

endangering patients. High-quality, 

standardized reporting isn’t just helpful—it’s a 

lifeline for accurate drug safety 

monitoring.[24-29] 

 

c. Globalization - A Patchwork of Safety 

Standards- Drugs travel the world, but safety 

monitoring doesn’t always keep up. Different 

countries have different rules, different 

reporting habits, and different levels of 

resources. What’s considered a serious ADR in 

one country might go unnoticed in another. 

This inconsistency makes it harder to spot 

global safety threats, leaving gaps in patient 

protection.[35] 

 

d. Resource Constraints – The Uneven Playing 

Field Not every country has the tools to track 

drug safety effectively. Many low- and middle-

income nations struggle with too few trained 

staff, weak healthcare systems, and outdated 

technology. Without proper funding and 

infrastructure, even the best pharmacovigilance 

plans can fall short. Bridging this gap is key to 

making drug safety a reality for everyone—not 

just the lucky few.[35-36] 

 

Future Trends in Pharmacovigilance 

Emerging technologies and trends are 

transforming the field of pharmacovigilance, 

offering new opportunities to enhance drug safety 

monitoring. The future of safety data generation is 

being shaped by several key trends, driven by 

advancements in Artificial Intelligence (AI), Big 

Data, Personalized Medicine, and Digital Health. 

These trends are transforming how safety data is 

collected, analysed, and utilized to improve patient 

outcomes and ensure drug and medical device 

safety. 

Below are the various future trends in safety data 

generation- 

a. Artificial Intelligence (AI) and Machine 

Learning (ML) 

b. Big Data and Advanced Analytics 

c. Personalized Medicine 

d. Digital Health and Wearable Technologies 

e. Enhanced Pharmacovigilance 

f. Regulatory and Ethical Considerations 

g. Collaborative Ecosystems 

h. Patient-Centric Approaches 

 

III. CONCLUSION: 
Pharmacovigilance is a cornerstone of 

drug safety, ensuring that medications remain 

beneficial throughout their lifecycle—from 

preclinical development to post-marketing 

surveillance. Despite significant advancements in 

safety data generation, challenges such as 

underreporting, data quality inconsistencies, global 

regulatory disparities, and resource limitations 

persist, particularly in low- and middle-income 

countries. 

The evolution of pharmacovigilance from 

ancient observations to modern AI-driven analytics 

demonstrates its critical role in public health. Key 

milestones, such as the thalidomide tragedy and the 

establishment of global monitoring systems, have 

shaped today’s robust frameworks. However, the 

future demands further innovation, including AI 

and RWD, enhanced global collaboration, Patient-

centric approaches, personalized medicine as 

medical science advances with biologics, gene 

therapies, and digital therapeutics, 

pharmacovigilance must adapt to address emerging 

risks. 
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Strengthening regulatory compliance, 

investing in global pharmacovigilance 

infrastructure, and fostering stakeholder 

collaboration will be pivotal in safeguarding patient 

health. Ultimately, the goal remains clear: to 

balance therapeutic innovation with unwavering 

commitment to safety, ensuring that the benefits of 

medicines always outweigh their risks. 

 

REFERENCE: 
[1]. World Health Organization (WHO) (2002) 

the importance of pharmacovigilance: 

Safety monitoring of medicinal products. 

Geneva: World Health Organization. 

[2]. European Medicines Agency (EMA). 

(2017). Guideline on good 

pharmacovigilance practices (GVP): 

Module I – Pharmacovigilance systems 

and their quality systems. 

[3]. Edwards, I. R., & Aronson, J. K. (2000). 

Adverse drug reactions: Definitions, 

diagnosis, and management. The Lancet, 

356(9237), 1255-1259. 

[4]. Fornasier, G., Francescon, S., Leone, R., 

& Baldo, P. (2018). An historical 

overview over pharmacovigilance. 

International Journal of Clinical 

Pharmacy, 40(4), 744–747. 

[5]. Edwards, I.R. (2017). The WHO 

Programme for International Drug 

Monitoring: 50 years young. Drug Safety, 

40(1), 3-8. 

[6]. McBride, W.G. (1961). Thalidomide and 

congenital abnormalities. The Lancet, 

278(7216), 1358. 

[7]. Rawlins, M.D. (2016). 

Pharmacovigilance: Paradise lost, 

regained or postponed? Journal of the 

Royal College of Physicians of Edinburgh, 

46(1), 72-75. 

[8]. Stricker, B. H., & Psaty, B. M. (2004). 

Detection, verification, and quantification 

of adverse drug reactions. BMJ, 

329(7456), 44-47. 

[9]. Bate, A., & Evans, S. J. W. (2009). 

Quantitative signal detection using 

spontaneous ADR reporting. 

Pharmacoepidemiology and Drug Safety, 

18(6), 427-436. 

[10]. Almenoff, J. S., Pattishall, E. N., Gibbs, T. 

G., DuMouchel, W., Evans, S. J. W., & 

Yuen, N. (2007). Novel statistical tools for 

monitoring the safety of marketed drugs. 

Clinical Pharmacology & Therapeutics, 

82(2), 157-166. 

[11]. Moore, T. J., Cohen, M. R., & Furberg, C. 

D. (2007). Serious adverse drug events 

reported to the Food and Drug 

Administration, 1998-2005. Archives of 

Internal Medicine, 167(16), 1752-1759. 

[12]. Lindquist, M. (2008). VigiBase, the WHO 

global ICSR database system: Basic facts. 

Drug Information Journal, 42(5), 409-419 

[13]. U.S. Food and Drug Administration 

(FDA). (2020). Preclinical research. 

[14]. Greaves, P., Williams, A., & Eve, M. 

(2004). First dose of potential new 

medicines to humans: How animals help. 

Nature Reviews Drug Discovery, 3(3), 

226-236. 

[15]. Olson, H., Betton, G., Robinson, D., 

Thomas, K., Monro, A., Kolaja, G. & 

Dorato, M. (2000). Concordance of the 

toxicity of pharmaceuticals in humans and 

in animals. Regulatory Toxicology and 

Pharmacology, 32(1), 56-67. 

[16]. Kola, I., & Landis, J. (2004). Can the 

pharmaceutical industry reduce attrition 

rates? Nature Reviews Drug Discovery, 

3(8), 711-716. 

[17]. Pugsley, M. K., Authier S., & Curtis, M. J. 

(2008). Principles of safety pharmacology. 

British Journal of Pharmacology, 154(7), 

1382-1399. 

[18]. DiMasi, J. A., Grabowski, H. G., & 

Hansen, R. W. (2016). Innovation in the 

pharmaceutical industry: New estimates of 

R&D costs. Journal of Health Economics, 

47, 20-33. 

[19]. National Institute of General Medical 

Sciences. Guidelines for Data and Safety 

Monitoring in Clinical Trials. 

[20]. National Institute on Drug Abuse. (n.d.). 

Guidelines for Establishing and Operating 

a Data and Safety Monitoring Board. 

[21]. Hammad T. A., Pinheiro, S. P., & 

Neyarapally G. A. (2011). Drug safety 

assessment in clinical trials: 

Methodological challenges and 

opportunities. Trials, 13, 138. 

[22]. Sperl-Hillen, J. M., & O’Connor, P. J. 

(2019). Principles and procedures for data 

and safety monitoring in pragmatic 

clinical trials. Trials, 20, 690. 

[23]. Almenoff, J. S., Pattishall, E. N., Gibbs, T. 

G., DuMouchel, W., Evans, S. J., & Yuen, 

N. (2007). Novel statistical tools for 



 

 

International Journal of Pharmaceutical Research and Applications 

Volume 10, Issue 2 Mar–Apr 2025, pp: 2390-2399 www.ijprajournal.com ISSN: 2456-4494 

                                       

 

 

 

DOI: 10.35629/4494-100223902399    Impact Factor value 7.429  | ISO 9001: 2008 Certified Journal Page 2399 

monitoring the safety of marketed drugs. 

Clinical Pharmacology & Therapeutics, 

82(2), 157–166. 

[24]. Council for International Organizations of 

Medical Sciences (CIOMS). (2010). 

Practical aspects of signal detection in 

pharmacovigilance: Report of CIOMS 

Working Group VIII. Geneva, 

Switzerland: CIOMS. 

[25]. Strom, B. L., Kimmel, S. E., & Hennessy, 

S. (2012). Pharmacoepidemiology (5th 

ed.). Hoboken, NJ: Wiley-Blackwell. 

[26]. Trenor, C. C., Chung, R. J., Michelson, A. 

D., Neufeld, E. J., Gordon, C. M., Laufer, 

M. R., & Emans, S. J. (2011). Hormonal 

contraception and thrombotic risk: A 

multidisciplinary approach. Pediatrics, 

127(2), 347–357. 

[27]. World Health Organization (WHO). 

(2002). The importance of 

pharmacovigilance: Safety monitoring of 

medicinal products. Geneva, Switzerland: 

WHO 

[28]. International Council for Harmonization 

of Technical Requirements for 

Pharmaceuticals for Human Use. (2023). 

ICH guidelines. 

[29]. U.S. Food and Drug Administration. 

(2023). Real-world evidence. Retrieved 

from https://www.fda.gov/science-

research/science-and-research-special-

topics/real-world-evidence 

[30]. European Medicines Agency. (2023). Data 

standardization and integration in 

medicines regulation. 

[31]. World Health Organization. (2023). 

Global benchmarking tool (GBT) for 

evaluation of national regulatory systems. 

[32]. Berger, M. L., Sox, H., Willke, R. J., 

Brixner, D. L., Eichler, H.-G., Goettsch, 

W. & Schneeweiss, S. (2017). Good 

practices for real-world data studies of 

treatment and/or comparative 

effectiveness. Pharmacoepidemiology and 

Drug Safety, 26(9), 1033–1039. 

[33]. Hazell, L., & Shakir, S. A. W. (2006). 

Under-reporting of adverse drug reactions: 

A systematic review. Drug Safety, 29(5), 

385–396. 

[34]. International Council for Harmonization 

of Technical Requirements for 

Pharmaceuticals for Human Use (ICH). 

(2016). ICH E2B(R3) guideline: Clinical 

safety data management: Data elements 

for transmission of individual case safety 

reports. 

[35]. Olsson, S., Pal, S. N., Stergachis, A., & 

Couper, M. (2015). Pharmacovigilance 

activities in 55 low- and middle-income 

countries: A questionnaire-based analysis. 

Drug Safety, 38(4), 355–368. 

[36]. Rolfes, L., van Hunsel, F., Wilkes, S., van 

Grootheest, K., & van Puijenbroek, E. 

(2018). Adverse drug reaction reporting in 

low- and middle-income countries: A 

systematic review. Drug Safety, 41(8), 

801–810. 

 


