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Abstract: Pharmacovigilance is a critical field in healthcare that focuses on the detection, assessment,
understanding, and prevention of adverse drug reactions (ADRs) and other drug-related issues. With the
increasing complexity of modern pharmacotherapy, pharmacovigilance plays a vital role in ensuring
patient safety and the effective use of medications. This review provides a comprehensive overview of
pharmacovigilance, highlighting its importance in both pre-market and post-market drug safety. It
discusses the key components of pharmacovigilance systems, including ADR reporting, signal detection,
risk management, and regulatory frameworks. The review also explores recent advancements, such as the
integration of artificial intelligence, big data, and real-world evidence in monitoring drug safety.
Challenges in pharmacovigilance, including underreporting, data integrity, and the monitoring of biologics
and orphan drugs, are also addressed. Additionally, the review examines the role of pharmacovigilance in
special populations, including pediatric, geriatric, and rare disease patients. In conclusion,
pharmacovigilance remains an essential discipline in ensuring the continued safety and efficacy of
medicinal products, with ongoing advancements enhancing its capabilities.
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L. INTRODUCTION

Pharmacovigilance is “defined as the pharmacological science relating to the detection, assessment, understanding and
prevention of adverse effects, principally long term and short term adverse effects of medicines. It is an important and
integral part of clinical research. India is the world’s second most populated country with over one billion potential
drug consumers. Although, India is participating in the UMC program, its contribution to the UMC database is very
little. This problem is essentially due to the absence of a robust ADR monitoring system & also the lack of awareness of
reporting concept among Indian HCP. The specific aims of Pharmacovigilance are to advance patient care and safety in
relation to the use of medicines and all medical and paramedical interventions, contribute to the assessment of benefit,
harm, effectiveness, and risk of medicines, promising their safe, rational and more effective use, promote indulgent,
education, and clinical training in Pharmacovigilance and its effective communication to the public. Pharmacovigilance
methods must also be capable to designate which patients are at risk of developing an ADR. A suitably working
Pharmacovigilance system is important if medicines are to be used cautiously. It will be advantageous for healthcare
professionals, regulatory authorities, pharmaceutical companies and the consumers. It aids pharmaceutical companies to
monitor their medicines for risk.
It has been known that world health organization (WHO) has initiated the program of reporting all adverse reactions
possessed by the drugs. The further awareness about the adverse drug reactions resulted in the emergence of the
practice and science of Pharmacovigilance.[ 1] Pharmacovigilance is “defined as the pharmacological science relating to
the recognition, assessment, understanding and prevention of adverse effects, particularly long term and short term
adverse effects of med1c1nes [2, 3] After discovery & pre-clinical phase the drug typically undergoes trials in human
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manufacturer. Trails are closely monitored by the investigator & the manufacturing, industrial company and it is a
mandatory regulatory requirement to report all the adverse events in a clinical trial setting in a given time frame. At
least in the clinical trial setting, “GCP” has moved the Pharmacovigilance word from a reactive to a proactive approach.
A robust, well-defined Pharmacovigilance system for monitoring adverse events is in a place for evaluating the safety
of the investigational new drug.[4] Moreover, its concerns have been widened to include the herbal drug products;
traditional and complementary medicines; blood products; Biologicals; medical devices; and vaccines. In addition,
Pharmacovigilance possess various roles like, identification, quantification and documentation of drug-related problems
which are responsible for drug-related injuries.

An adverse event is any untoward medical occurrence in a patient administered a medicinal product & which doesn’t
necessarily have a causal relationship with this treatment. Adverse drug reactions are noxious & unintended responses
to a medicinal product. A reaction, in contrast to an event, is characterized by the fact that a causal relationship b/w the
drug & the occurrence is supposed.;7, s; India is the world’s second most populated country with over one billion
potential drug consumers. Although, India is participating in the UMC program, its contribution to the UMC database is
very little. This problem is essentially due to the absence of a robust ADR monitoring system & also the lack of
awareness of reporting conceptamong Indian HCP. With over 1 billion US worth of clinical trials conducted in India, it
is very important to focus on the attention of the medical community on the importance of adverse drug reporting to
ensure max. benefits for public health and safety. For regulatory reporting purposes, if an event is instinctively reported,
even if the relationship is mysterious or unstated, it meets the definition of an adverse drug reaction.

A serious Adverse Effect (SAE) is any untoward medical manifestation, that at any dose:

e Results in death

e [s life-threatening (well-defined as an event in which the subject was at risk of death at the time of the event)

e Requires in-patient hospitalization or causes prolongation of existing hospitalization

e Results in persistent or significant disability/incapacity

e [sacongenital anomaly/birth defect

e [s an important medical event (defined as an medical event(s) that may not be immediately life-threatening or
result in death or hospitalization but, based upon suitable medical & scientific judgment, may require
intervention to prevent one of the serious outcomes as listed above).

Aims of Pharmacovigilance are too:
e Advancing patient care and safety in relation to the use of medicines and all medical and paramedical
interventions
e  Advance public health and safety in relation to the use of medicines
e Contribute to the valuation of benefit, harm, effectiveness and risk of medicines, encouraging their safe,
rational and more effective use
e  Promote understanding, education and clinical training in Pharmacovigilance and its effective communication
to the public.[11]
Under reporting occurs when the medicinal product hits the market after going through all the required authorization
processes. Many adverse reactions can be noticed only after the medicinal product has been prescribed for, & used by, a
large no. of patients world-wide as this environment, with multiple potential new co-factors of real life, cannot be
replicated in clinical trials.

Clinical trials have its own limitations:-
e Conducted in a limited patient population
e Restricted population in terms of age, sex and ethnicity
e Restricted co-medication
e Restricted conditions of use
e Limited co-morbidity as the trial has strict inclusion and exclusion criteria
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e Reasonably short duration of exposure and follow-up

e  Statistical problems accompanying with looking multiple outcomes

e Knowledge concerning the safety profile of any drug is also limited & cannot be considered complete and

accurate.

1.1 Pharmacovigilance Methods
1] Passive surveillance
a) Spontaneous reports
A spontaneous report is a voluntary communication by healthcare professionals or consumers to a company, regulatory
authority or other organization that defines one or more adverse drug reactions (ADRs) in a patient who was given one
or more medicinal products and that does not originate from a study or any structured data collection scheme.[12] It
plays a key role in the identification of safety signals once a medicine is marketed. In various occurrences, spontaneous
reports can vigilant a company to rare adverse events that were not noticed in earlier clinical trials or other pre-
marketing studies. It can also deliver important information on at-risk groups, risk factors and clinical features of
known serious ADRs.
Newly, systematic methods for the recognition of safety signals from spontaneous reports have begun to be used.
Several of these methods are static in development and their utility for identifying safety signals is being assessed.
These methods include the calculation of the proportional reporting ratio, as well as the use of Bayesian and other
techniques for signal detection.[17-19] Data mining techniques have also been used to examine medicine-medicine
interactions[20], but these techniques should always be used in conjunction with and not in place of, analyses of single
case-reports. Data mining techniques facilitate the evaluation of spontaneous reports by using statistical methods to
detect potential signals that merit further evaluation. However, this tool does not quantify the magnitude of risk and
caution should be exercised when comparing medicines. Further, when using data mining techniques, consideration
should be given to the threshold established for detecting signals, since this will have implications for the sensitivity
and specificity of the method (a high threshold is associated with high specificity and low sensitivity). Confounding
factors that influence reporting of spontaneous adverse events are not removed from data mining. The results of data
mining should thus be interpreted with the knowledge of the weaknesses of the spontaneous reporting system and more
specifically, the large differences in the ADR reporting rate for different medicines and the many potential biases
inherent in spontaneous reporting. All signals should be evaluated while recognizing the possibility of false-positives.
In addition, the absence of a signal does not mean that a problem does not exist.

b) Case series

A series of case-reports can deliver sign of an association between a medicine and an adverse event, but they are
normally more valuable for producing theories than for confirming a relationship between medicine exposure and
outcome.

C) Stimulated reporting

A number of methods have been used to reassure and simplify reporting by health professionals in definite
circumstances for new products or for partial time periods.[23] Such systems comprise on-line reporting of adverse
events and methodical motivation of reporting of adverse events based on a pre-designed method. While these methods
have been shown to advance reporting, they are not invulnerable to the confines of passive surveillance, particularly
discriminating reporting and imperfect information. This should be considered as a procedure of spontaneous event
reporting and thus data acquired from stimulated reporting cannot be used to make precise incidence rates, but reporting
rates can be projected.

IT) Active surveillance :-
Active surveillance, in contrast to passive surveillance, pursues to determine the particular number of adverse events
through a constant pre-organized process.[24] In common, it is more achievable to acquire wide-ranging data on
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a) Sentinel sites

Active surveillance can be attained by revising medical records or questioning patients and/or physicians in a section of
sentinel sites to guarantee that comprehensive and precise data on reported adverse events are collected from these sites.
The selected sites can deliver information, such as data from specific patient subgroups, which would not be accessible
in a passive spontaneous reporting system.[25] The major weaknesses of sentinel sites comprise difficulties with
selection bias, small numbers of patients and augmented costs. Active surveillance with sentinel sites is most effective
for those medicines used primarily in institutional settings such as hospitals, nursing homes and haemodialysis centers.
Institutional settings may use certain medicinal products more commonly and can deliver an arrangement for
enthusiastic reporting. Intensive monitoring of sentinel sites can also be supportive in recognizing risks among patients
taking orphan medicines.

b) Medicine event monitoring

It is a process of active Pharmacovigilance surveillance. Studies using this process are cohort-based and prospective
and observational. For medication event monitoring, patients can be acknowledged from electronic or automated health
insurance claims. A single prescription or a series might be composed over the period of monitoring. A follow-up
questionnaire can then be sent to each prescribing physician or patient at pre-specified intervals to acquire outcome
data. Requests for data on patient demographics, indication for treatment, duration of therapy, dosage, clinical events,
reasons for termination and applicable past history can be involved in the questionnaires.[;.30; The restrictions of
medicine event monitoring can comprise the poor physician and patient reply rates.

c¢) Registries

A registry is a list of patients presenting with the identical representative(s). This representative can be a disease
(disease registry) or a specific exposure (medicine registry). Both types of registrations, which vary only by the type of
patient data of interest, can gather a cordless of information using standardized questionnaires in a prospective fashion.
Disease registries, such as registries for blood dyscrasias, severe cutaneous reactions, or congenital malformations can
help to gather data on medicine exposure and other factors related to a clinical condition. A disease registry might also
be used as a veil for a case control study associating the medicine exposure of cases recognized from the registry with
controls selected either from patients with another condition within the registry, or from patients outside the registry.
Exposure (medicine) registries address populations exposed to the medicines of interest to govern if a medicine has a
distinct influence on this group of patients. Some exposure (medicine) registries address drug exposures in specific
populations, such as pregnant women. Patients can be followed over time and included in a cohort study to collect data
on adverse events using standardized questionnaires. Single cohort studies can quantity incidence, but, without a
comparison group, cannot deliver proof of association. This type of registry can be very valuable when examining the
safety of an orphan medicine indicated for a specific condition. Customary epidemiological methods are a key
constituent in the evaluation of adverse events. There are numerous of observational study designs that are valuable in
validating signals from spontaneous reports, case series or medicine event monitoring. The most imperative of these
designs is cross-sectional studies, case-control studies and cohort studies.

d) Cross-sectional study (survey)

Data collected on inhabitants of patients during a specified interval of time, regardless of exposure or disease status
constitute a cross-sectional study. These types of study are principally used to collect data for surveys or for ecological
analyses. The major disadvantage of cross-sectional studies is that the temporal relationship between exposure and
outcome cannot be straight addressed. These studies are paramount used to scrutinize the prevalence of a disease at one
time point or to inspect trends over time, when data for serial time points can be captured. These studies can also be
used to observe the crude relationship between exposure and outcome in ecological analyses. Cross-sectional studies
are utmost valuable when exposures do not change over time.
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e) Case-control study

In a case-control study, cases of disease (or events) are recognized. Controls, or patients in whom the disease or event
of interest has not happened, are then carefully chosen from the source population that gave rise to the cases. The
controls should be selected in such a way that the prevalence of exposure among the controls exemplifies the
prevalence of exposure in the source population. The exposure status of the two groups is then paralleled using the odds
ratio, which is an estimate of the relative risk of disease in the two groups. Patients can be acknowledged from an
existing database or using data collected unambiguously for the purpose of the study. If safety data is sought for special
populations, the cases and controls can be stratified according to the population of interest. For rare adverse events,
prevailing large population-based databases are a useful and efficient means of providing the necessary data on
medicine exposure and medical outcome relatively quickly. Case control studies are predominantly useful when the
goal is to examine whether there is a relationship between a medicine (or medicines) and one specific rare adverse
event, as well as to identify risk factors for adverse events. Risk factors can include conditions, such as renal and
hepatic dysfunction, which might modify the relationship between the medicine exposure and the adverse event. Under
particular conditions, a case-control study can deliver the complete incidence rate of the event.

f) Cohort study

In a cohort study, a population at risk for the disease (or event) is monitored over time to record the occurrence of the
disease (or event). Information on exposure status is accessible during the followup period for each patient. A patient
might be exposed to a medicine at one time during follow-up, but not exposed at another time. Meanwhile the
population exposure during follow-up is acknowledged, incidence rates can be calculated. In many cohort studies
concerning medicine exposure, appraisal cohorts of interest are selected on the basis of medicine use and monitored
over time. Cohort studies are useful when there is a requisite to know the incidence rates of adverse events in addition
to the relative risks. Multiple adverse events can also be scrutinized using the similar data source in a cohort study.
Conversely, it can be problematic to recruit adequate numbers of patients who are exposed to the medicine of interest or
to study very rare outcomes. Similar to case-control studies, patients in cohort studies can be recognized from large
automated databases or from data collected precisely for the study at hand. In addition, cohort studies can be used to
scrutinize safety issues in special populations through oversampling of these patients or by stratifying the cohort if
adequate numbers of patients are included. There are numerous automated databases obtainable for
pharmacoepidemiological studies.[35, 36, 37] They consist of databases that contain automated medical records or
automated accounting/billing systems. Databases that are fashioned from accounting/billing systems might be
connected to pharmacy claims and medical claims databases. These datasets may contain millions of patients.
Subsequently, they are fashioned for administrative or billing purposes; they might not have all the detailed and precise
information needed for some research, such as authenticated diagnostic information or laboratory data. Even though
medical records can be used to establish and authenticate test results and medical diagnoses, one should know about the
privacy and privacy regulations that apply to patient medical records.

g) Targeted clinical investigations

When significant risks are identified from pre-approval clinical trials, further clinical studies might be called in to
evaluate the mechanism of action for the adverse reaction. In some instances, pharmacodynamics and pharmacokinetic
studies might be conducted to define whether a particular dosing instruction can put patients at an increased risk of
adverse events. Moreover, based on the pharmacological properties and the predictable use of the medicine in general
practice, conducting specific studies to scrutinize potential medicine-medicine interactions and food-medicine
interactions might be entitled to. These studies can comprise population pharmacokinetics studies and medicine
concentration monitoring in patients and normal volunteers. One drawback of this method is that the outcome measure
might be too shortened and this might have an influence on the quality and eventual usefulness of the results of the trial.
Large, simplified trials are similarly resource-intensive.
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Recent development in pharmacovigilance

Pharmacovigilance and the methods used need to continue to develop in order to keep up with the demands of society.
In recent years, three publications have been of utmost importance in terms of providing guidance on the future of
pharmacovigilance. The first is the Erice Declaration on transparency, which was published in 1997 [57]. In this
declaration, pharmacovigilance experts from all over the world, representing different sectors, emphasise the role of
communication in drug safety with the following statements:

Drug safety information must serve the health of the public

Education in the appropriate use of drugs, including interpretation of safety information, is essential for the public at
large, as well as for health care providers

All the evidence needed to assess and understand risks and benefits must be openly available — Every country needs a
system with independent expertise to ensure that safety information on all available drugs is adequately collected,
impartially evaluated and made accessible to all

Innovation in drug safety monitoring needs to ensure that emerging problems are promptly recognised and efficiently
dealt with, and that information and solutions are effectively communicated

The development of new and effective medicinal products makes a positive contribution to the health and well-being of
individuals. However, there is a need to improvepharmacovigilance(PV) systems to more effectively monitor and take
action on safety issues associated with medicines to enhance their contribution to public health. This article looks at the
current trends driving the development of PV strategies in order to achieve this aim.

It is believed that these factors will help risks and benefits to be assessed, explained and acted upon openly and in a
spirit that promotes general confidence and trust. This declaration was followed in 2007 by the Erice Manifesto for
global reform of the safety of medicines in patient care [58]. The Erice Manifesto specifies the challenges which must
be addressed to ensure the continuing development and usefulness of the science, in particular:

The active involvement of patients and the public in the core debate about the risks and benefits of medicines, and in
decisions about their own treatment and health

The development of new ways of collecting, analyzing and communicating information about the safety and
effectiveness of medicines; open discussion about it and the decisions which arise from it

The pursuit of learning from other disciplines about how phamacovigilance methods can be improved, alongside wide-
ranging professional, official and public collaboration

The creation of purposeful, coordinated, worldwide support amongst politicians, officials, scientists, clinicians, patients
and the general public, based on the demonstrable benefits of pharmacovigilance to public health and patient safety

The third article that has had a profound impact on how pharmacovigilance should work in the future is the article
published in 2002 by Waller and Evans in which they give their view on the future conduct of pharmacovigilance. The
key values that should underpin pharmacovigilance are excellence

(defined as the best possible result), the scientific method and transparency. The paper defines five elements that are
considered to be essential for achieving excellence. Three of these are: process-oriented best evidence, robust scientific
decision-making and effective tools to deliver protection of public health. The other two elements, scientific
development and audit, underpin these processes, recognising that excellence cannot be achieved merely by process
[59].

International developments In the past, pharmacovigilance has been most concerned with finding new ADRs, but
Waller and Evans suggest that pharmacovigilance should be less focused on finding harm and more focused on
extending knowledge of safety [59].

In recent years, regulatory agencies have been reforming their systems in order to keep pace with the developments in
pharmacovigilance, with the focus on being more pro-active.

Europe
In 2005, a document was drafted by the Heads of the Medicines Agencies called ‘Implementation of the Action Plan to
Further Progress the European Risk Management Strategy’. In July 2007, the EMEA published a document in which
they discussed the achievements booked to date. These achievements included the implepggatatqn of legal tools for
monitoring the safety of medicines and for regulatory actions. Particular emphasis was pl @gN )
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1. Systematic implementation of risk management plans

2. Strengthening the spontaneous reporting scheme through improvements of the Eudra Vigilance database

3. Launching the European Network of Centres for Pharmacoepidemiology and Pharmacovigilance (ENCePP)

project to strengthen the monitoring of medicinal products
4. The conduct of multi-centre post authorisation safety studies
5. Strengthening the organisation and the operation of the EU Pharmacovigilance system In the course of the next
2 years, two main areas will be covered by the European Risk Management Strategy:

further improving of the operation of the EU Pharmacovigilance System and strengthening the science that underpins
the safety monitoring for medicines for human use [60, 61].
In December 2007, a public consultation ‘Strategy to Better Protect Public Health by
Strengthening and Rationalising EU Pharmacovigilance’ was published on behalf of the European Commission. This
document contains legislative strategy and key proposals for legislative changes within the European Union. Areas
where legislative changes are needed include: fast and robust decision-making on safety issues, clarification of roles
and responsibilities for industry and regulators, strengthening of the role of risk-management planning, improvement of
the quality if of non-interventional safety studies, simplification of ADR reporting, including introducing patient
reporting, strengthening of medicine safety, transparency and communication, including clearer safety warnings in the
product information to improve the safe use of medicines [50]. The USA In the USA, the FDA has had a difficult time
since the withdrawal of rofecoxib. The main concern is that the FDA is not able to protect the public from drug risks as
efficiently as it might. In February 2007, on the basis of the IOM report, the FDA announced several initiatives
designed to improve the safety of prescription drugs [26]. These initiatives fall into four main categories. The first is
increasing the resources for drug safety activities. Perceiving the agency as being overly dependent on industry funding,
some observers propose eliminating user fees. The second category of proposed reform is new authority for the FDA;
the agency needs regulatory tools to help assure drug safety. This authority would be exercised through a required risk.

Factors behind the development of current trends
e  Globalization of the pharmaceutical market.
e Development of innovative products.
e Increasing public awareness and changing expectation with regards to the safety of medicines.
e Large costs associated with drug safety.

Integrated Pharmacovigilance

In the past, PV has concentrated primarily on post-marketing safety surveillance. In recent years, it has been shifted
towards systematic PV throughout the product life cycle (preclinical studies to post marketing surveillance) as
recommended by the CIOMS V Working Group. The effective PV system needs to integrate input from all
stakeholders, both within an organization and externally.

Effective integrated PV also includes preclinical and clinical operations,clinical data management, statistics, medical
writing, regulatory authorities/activities, IT and medical information, sales and marketing, and public relations.

Current Trends
The main method currently used to gather information on a drug in the premarketing phase is by conducting clinical
trials.
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PMS (Post .
Marketing Studies)

N

1.2 Recent Developments

Data Mining Technology in Spontaneous Reporting System

In the past, signal detection in spontaneous reporting has mainly occurred on the basis of case-by-case analyses of
reports. Recently, the reports are validated by ‘data mining’.

The term ‘data mining’ refers to the principle of analyzing data from different perspectives and extracting the relevant
information.

Algorithms are often used to determine hidden patterns of associations or unexpected occurrences, i.e. signals in large
databases.

Three Current Approaches in Data Mining Methods

e Proportional Reporting Ratios (PPRs): This method compares the proportion of reports for a specific
Adverse Drug Reaction (ADR) reported for a drug with the proportion for that ADR in all other drugs. The
calculation is analogous to that of relative risk. Using the same information, it is also possible to calculate a
‘reporting odds ratio’.

o Bayesian Confidence Propagation Neural Network (BCPNN): This approach uses Bayesian statistics to
analyze all reported ADR combinations. Strong relationships in the data are highlighted relative to general
reporting of suspected adverse effects. The WHO Collaborating Centre for International Drug Monitoring uses
this method for data mining.

e  Multi-Item Gamma Poisson Shrinker (MGPS): It is used by the FDA for data mining of their spontaneous
report’s database. The MGPS algorithm computes signal scores for pairs, and for higher-order (e.g. triplet,
quadruplet). The significant more frequent combinations of drugs and events would predict.
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