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Abstract

The research carried out to find a better treatment, improve
healthcare, and benefit the current medical practice is termed
clinical research. Clinical trial includes the pharmacodynamics
(mechanisms of action of a new drug), pharmacokinetics (drug
metabolism inside the body), therapeutics (efficacy of the drug), and
adverse effects (safety of the drug) of the novel medical products.
Clinical research is a process that involves human subjects and their
biological specimens. The clinical trial is a meticulously planned
protocol-based study of a drug/device to discover a new/better
way to prevent, diagnose, and treat a disease/illness. Considering
the involvement of both healthy and diseased people in clinical
trials, the regulatory authorities have a significant role in the
processes involving the conduction of clinical research and carefully
evaluate their potential implications on humans. Because clinical
trials are usually aimed at assessing the safety and efficacy of novel
pharmaceutical compounds and medical devices,
pharmacovigilance laws and risk management assume increased
significance while conducting clinical research/ trials. In this review,
we attempt to discuss the regulatory authorities' roles in different
geographical regions, including the United States of America, The
European Union, and India. We also focus on the importance of
pharmacovigilance laws and risk management during clinical trials.
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INTRODUCTION

The importance of the need for clinical research, clinical research types, groups, and phases of clinical research has assumed
increased significance. Clinical research studies are undertaken to assess the safety and efficacy of a drug, vaccine, device, or
medical diagnostic test assay in treating, preventing, diagnosing, and controlling diseases'?. In most instances, clinical
research is carried out to satisfy unmet medical needs that include discovering a treatment for a newly emerged microbial
species, like the Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2)%%. They can also be conducted to find
treatment for an existing illness with no/limited therapeutic options, like various types of cancers (breast cancer, arthritis,
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and others)®”. The international clinical trial registry platform (ICTRP) provided by the World Health Organization (WHO)
aims to increase awareness of the need to register the clinical trial, improve the comprehensiveness, completeness, and
accuracy of registered clinical trial data, enable access, and ensure data utilization.

Clinical research types include observational studies and experimental/analytical studies. Observational studies do not
involve any intervention and depend majorly on the collection of data and its analysis. Experimental studies are considered
the gold standard, and intervention is integral to such research, including cases and control subjects®. Two groups of clinical
research trials include comparative and open-label clinical research trials. The comparative clinical research trial includes the
case group (who receive the test drug) and the control group (who receive a placebo/dummy). Such research is carried out
as a randomized, double-blinded clinical trial where neither the investigator nor the patient/participant knows about the
kind of intervention. This helps neutralize any bias which may influence the study results. Different types of randomizations
in clinical trials'®, types of clinical research trials, phases of clinical trials'®?, their roles, and the nature of studies are
elaborated in Table I to III, respectively.

TableI.  Different types of randomizations in clinical trials

Randomization type Functions
Simple randomization The participants are assigned to a case, or a control group based on flipping coin results/computer
assignment
Block randomization Equal and small groups of both cases and controls
Stratified randomization = Randomization based on age of the participant and other covariates
Co-variate adaptive  Sequential assignment of a new participant into a group based on the covariates
randomization

Table II.  Types of clinical research trials and their functions

Clinical trial type Functions
Treatment New/improved therapeutics
Prevention Reduce/ prevent disease, includes healthy participants
Early diagnosis/screening Minimizes the risk of diseases, includes, both the diseased and healthy subjects
Confirmation of diagnosis To diagnose the disease accurately in infected population
Management (quality /support) Minimize the adverse effects of the drugs, benefits of nutrition

Table III. Phases, types, and nature of a clinical trial study

Phase,
subtypes of Type of study Nature of study
clinical trial

Phase 0 Exploratory Examines too low concentrations (micro dosing) of drug for less time. Study the
pharmacokinetics and to determine the dose for phase I studies. Presently done in animals
and future human micro dosing studies are expected

Phase I Non-therapeutic trial ~ Around <50 healthy subjects are recruited.

Phase Ia Establishes safe dose range, the maximum tolerated dose and examines the

Phase Ib pharmacokinetic and pharmacodynamic effects
Single centre studies
Phase la: SAD-single ascending dose, MTD-maximum tolerated dose. Duration of one week
including 6-8 groups of 3-6 participants
Phase Ib: MAD-multiple ascending doses, and the dose is gradually narrowed down. Three
groups of 8 individuals each

Phase II Exploratory trial Recruiting around 5-100 patients of either sex.

Phase Ila Examines the effective dosage and the therapeutic effects in patients

Phase IIb It decides the therapeutic regimen, drug-drug interactions.
Multicentre studies
Phase Ila: decides the drug dosage, includes 20-30 patients, and takes up to weeks/months
Phase IIb: studies dose response relationship, drug-drug interactions, comparison with a
placebo

Phase 111 Therapeutic More than 300 patients (up to 3000) of either sex are recruited in this study, multicentric

confirmatory trial trials.

Pre-marketing phase
Examines the efficacy and the safety of the drug
Comparison of test drug with the placebo/standard drug
Adverse drug reactions/adverse events
Initiate the process of New Drug Application (NDA) with appropriate regulatory agency
like the Food and Drug Administration (FDA)
Phase IV Post-approval study  After approval/post-licensure and post-marketing studies/surveillance.
Following up of the patients for an exceptionally long time for potential adverse reactions
and drug-drug interactions
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Clinical trials and research are undertaken to satisfy unmet medical needs, and this assumes increased significance in the
era of antibiotic resistance and the emergence and re-emergence of both contagious and non-contagious diseases?. Clinical
research demands the practice of ethical principles while conducting a clinical trial. It becomes a real challenge to conduct a
clinical trial during an epidemic/pandemic situation”?. An emergency-like situation arises due to the lack of an approved
drug against a novel microbial infection, as noticed in the recent pandemic of SARS-CoV-2/Coronavirus disease-19
(COVID-19)%. It is interesting to note that the first description of clinical trials dates to 550 BC, and several ancient instances
discuss and describe the process of a clinical trial. It was noted that the clinical trials started with dietary interventions
(legumes and lemons), and after hundreds and thousands of years, we reached the status where we discovered and
manufactured drugs*.

REGULATORY REQUIREMENTS IN CLINICAL RESEARCH

Clinical research and drug trials involve human participants and pose significant ethical concerns. History has witnessed
many such instances where human participants were recruited in a drug trial, resulting in significant morbidity and
mortality. Given such experiences, there needed to be regulatory bodies overseeing the clinical trials involving human
participants®. The regulatory bodies and the episodes of unethical practices that occurred worldwide are depicted in
chronological order in Figure 1.

Figure 1. Chronological depiction of unethical practices and the emergence of ethical principles in clinical research

After the Nazi experiments on prisoners, the Nuremberg Code was implemented on August 19t, 1947. This code made
voluntary consent an essential element while conducting clinical trial research. The requirement for voluntary consent
protects the rights of participants against deceit. It was also made mandatory that the research on animals is performed
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before human trials and that the trial will not lead to death or permanent injury to study participants®. Given several reports
of unethical practices related to clinical trials and research in the past, it was imminent that a regulatory body is present
which takes responsibility for all the ethical concerns related to clinical research with special reference to patient safety and
well-being. The first regulatory recommendation was the Nuremberg Code (August 9%, 1947), followed later by the WMA's
Declaration of Helsinki (June 1964). In 1974, the National Research Act was passed by the US Congress, which aims to protect
human subjects for biomedical and behavioral research. The regulations under this act included an institutional review
board (IRB) and 45 CFR46 (Title 45 Code of Federal Regulations Chapter 46)7.

The objectives of regulatory bodies in satisfying ethics concerns include safeguarding the participant's dignity, justice,
equality, protection against exploitation and injury/harm, truth, and trust. They also promote the importance of acting
appropriately in each situation and provide necessary and strong reasons to support the act. The first ethical concept in
medical practice dates to 400 BC, when Hippocrates proposed an oath that is deemed to be followed by all medical
practitioners. Although the Belmont Report was introduced on April 18%, 1979, its proposed principles include respect for
the persons (informed consent), beneficence (causing no harm), and justice, which remains the mainstay even today for
conducting clinical trials. While conducting a clinical trial, the first and foremost concern which needs to be addressed by
the stakeholders is the assurance of the safety and well-being of the study participants®. A previous study? highlighted the
significance of federal rules that govern participants' rights and safety. In a recent development, the ICMR prescribed
guidelines for clinical research during the SARS-CoV-2 pandemic. Along with the basic principles, twelve more general
principles were added. These include principles of essentiality, voluntariness, non-exploitation, social responsibility,
ensuring privacy and confidentiality, risk minimization, professional competence, maximization of benefit, institutional
arrangements, transparency and accountability, the totality of responsibility, and protection of the environment¥.

GOOD CLINICAL PRACTICE GUIDELINES IN CLINICAL RESEARCH

Good clinical practice (GCP), as the name suggests, are specific guidelines prescribed for the physicians involved in patient
treatment, management, and research involving humans. GCP statute dates to the Hippocratic oath, where the physicians
take an oath that they do not harm the patients. Due to increasing complexities concerning patient management and
scientific research involving human subjects, GCP guidelines have been formulated more elaborately. The GCP guidelines
cover almost all aspects of clinical research, including design, conduct, termination, audit, analysis, reporting, and
documentation of clinical trials among human subjects. The GCP guidelines ensure that clinical trials on humans are
conducted after considering the rights and safety of the study subjects and that the data generated through the trial is reliable
and authentic®.

The systematic and regulated process of conducting clinical research that results in reliable data, which helps make public
health-related decisions and improves health care, is called the GCP. The GCP guidelines were framed after considering the
recommendations of the WHO, ICH, USFDA, European GCP guidelines, and the ethical guidelines for biomedical research
involving human subjects of the Indian Council for Medical Research (ICMR). The terminologies included in the GCP
guidelines’%, which form the clinical research process, are shown in Tables IV to VIIL.

Table IV. Definitions and Terminologies used in clinical research/ trials

Terminology Function

Clinical trial A systematic study of a novel pharmaceutical product in humans including its pharmacodynamics/
pharmacokinetics, adverse effects, safety and/ or efficacy

Comparator product A drug/placebo used to compare the pharmaceutical product

Confidentiality The privacy of the human participants in a clinical trial

Act Drugs & Cosmetics Act 1940 (23 of 1940)

Adverse Event (AE) Medical consequences (symptoms) of the drug therapy

Adverse Drug Reaction (ADR)  Unintended consequence of the treatment with trial drug

Type A ADR Dose dependent ADR, which is reversed with reducing/withdrawing the drug

Type B ADR ADR that was not predicted

Serious adverse event (SAE) The AE or an ADR that results in death, permanent disability, and hospitalization, including birth
defects

Escape treatment A therapeutic intervention in the control subjects (placebo) for symptomatic relief

96


https://portal.issn.org/resource/ISSN/2621-4814

Kandi V, Vadakedath

S, Addanki PS, Godishala V, Pinnelli VB. 2023. Clinical Trials: The Role of Regulatory Agencies, Pharmacovigilance ...

Table V.  Definitions and roles of major clinical trial bodies

Terminology Function
Sponsor An individual or an institution which takes the responsibility of initiation, conduction, management, and
financing the clinical trial /research
Principal An individual, qualified adequately, who oversees the clinical research at the trial site and co-ordinates with the
investigator investigators at other trial sites in case of multi-centric trials
Investigator A qualified person who is responsible for trial at the site

Co-investigator

Study subject
Monitor

CRO

Ethics committee
Audit

A qualified person who is designated to share the responsibilities of an investigator, they are usually a part of
multi-centric studies

A person who volunteers to participate in a clinical trial

A person designated by the sponsor to ensure the trial is conducted in accordance with the protocol, and the
standard operating procedures (SOP’s)/Contract/ clinical research organization (CRO)

The organization chosen (contract) by the Sponsor to make sure that the research trial at the site is conduct
scientifically.

A committee which works independently, and which approves the clinical research after a thorough evaluation
The independent body which verifies/inspects trail procedures are done according to protocol, and data validity

Table VI. Documents and their significance in the clinical research

Terminology Function
Contract A written document which is dated and signed by the sponsor, the investigators, and the institution
Protocol A document that details the background, aims, objectives, design, methodology, and other relevant
considerations of the clinical trial
Standard operating The documents which delineate the process to maintain uniformity related to the conduction,

procedures (SOP’s)

recruitment of study participants, data collection and evaluation of data

Case record form (CRF) A systematically designed document to collect the data with respect to the clinical trial subjects record

Informed consent

data accurately, minimize manipulation, and ease of verification, and audit
A document signed by the study participants which confirms the voluntariness

Investigator’s broacher A document delineating the justification for the proposed study, also having the clinical, and non-

Source data/Raw da
Final report

Contract
Protocol

clinical details of the investigational product

ta All certified and verified documents related to the study participants that includes laboratory data like
the X-ray film, hospital records, and others
A document which comprehensively describes the study that includes the materials, statistical methods,
results, and final inputs from the investigator
A written document which is dated and signed by the sponsor, the investigators, and the institution
A document that details the background, aims, objectives, design, methodology, and other relevant
considerations of the clinical trial

Table VII. Important activities and their functions in a clinical trial

Terminology

Function

Protocol amendments A document stating modification in the protocol, which must be signed by the investigator and relevant

parties, and approved by the ethics committee

Quality Assurance (QA)  The system/process developed to make sure that the clinical research is conducted in accordance with

GCP guidelines

Quality Control (QC) A fool proof check system that ensures that all the elements (planning, conduction, data collection,

evaluating, and reporting) of a clinical trial are conducted under controlled environment

Regulatory authority The central drugs standards control organization of India, the food and drugs administration of the USA

are a few examples of regulatory authorities which approves clinical research and the pharmaceutical
product

Validation The process undertaken to confirm the authenticity of a clinical trial, and all the elements in it to establish
the reliability of the results

Binding/masking Type of intervention, double blind, single blinded, remove bias

Randomization Assigning the patients into the study and control groups to minimize bias

Multi-centric studies A clinical trial which is conducted at multiple sites but is done in accordance with the same protocol

Non-clinical trial study A study that does not include human subjects

Non-therapeutic study A study that does not result in any clinical benefit to the subjects

Clinical research results are meant to be used for providing better health care. Statistics and their application assume
increased significance in assessing and analyzing the data generated from clinical research. Clinicians need to understand
the statistics to evaluate the current study results generated from evidence-based medicine and apply them in regular clinical
practice®. A previous research study attempted to evaluate the clinician’s abilities to understand the statistical concepts,
knowledge of biostatistics, and familiarity with the statistical methods. It was observed that 75% of the physicians had better
knowledge of statistical methods, which helped them to correctly interpret and understand the evidence-based research
results and apply them while treating the patients®.
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REGULATORY AUTHORITIES FOR PHARMACEUTICAL IN THE UNITED STATES

Clinical research or a trial must be done after adhering to the regulatory requirements, which are majorly done to ensure the
reliability of the clinical trial results/data. The regulatory agency which is responsible for protecting human health by
regulating/supervising the production and marketing of several products in the united states of America is the Food and
Drugs Administration (FDA). It is the oldest consumer protection regulatory agency. The FDA regulates food (human and
animal), tobacco, pharmaceutical drugs (prescription and on-the-counter drugs), medical devices, and cosmetics. The
president of the USA appoints the commissioner of the FDA and reports directly to the secretary of health and human
services¥”. The FDA has its headquarters in Maryland and has foreign offices in India, Belgium, Costa Rica, Chile, China,
and the United Kingdom. First, federal laws were enforced against the use of harmful food colors, misbranding foods, and
food adulteration. In 1820, the first publication on the regulations concerning pharmaceutical drugs was published as US
Pharmacopeia3.

Although the US had a regulatory agency that looked after food and pharmaceutical products from the early 1800s, the
original FDA was passed on June 30, 1906, during President Theodore Roosevelt's leadership. From the year 1935, the USA
started publishing the federal register. In 1999, the US FDA introduced the online portal called https:/ /clinicaltrials.gov/, a
registering agency for nationally funded and privately financed clinical research. The Pandemic and All-Hazards
Preparedness Reauthorization Act (PAHPRA) was passed in 2013. It regulates the programs under the Public Health Service
Act and the Food, Drug, and Cosmetic (FDC) Act concerning public health security and all-hazards preparedness and
response. The Drug Quality and Security Act (DQSA) was enacted in 2013, which regulates the electronic and interoperable
system for prescription drugs. The federal register, which delineates the permanent rules and regulations, is published as
the Code of Federal Regulations (CFR), which consists of 50 titles, each divided into chapters, parts, subparts, and sections,
and is updated yearly. The regulatory requirements constitute laws and rules for research approval, registration, licensure,
manufacture, handling, storing, import, export, and distribution or sale®.

Although regulatory authorities are functioning worldwide, a recent research study has highlighted the need for increased
assistance regarding the quality of the probiotics available in the market®. It is the responsibility of regulatory agencies like
the US FDA to protect people's safety and welfare. It was suggested that a comprehensive information base is to be
established which may provide reliable information and facilitate the decision-making process of regulatory agencies*.

REGULATORY AUTHORITIES FOR PHARMACEUTICAL IN EUROPEAN NATIONS

The European Union (EU) is not single but a consortium of many countries (27 member states). The EU constituted the
European Medicines Agency (EMA), which evaluates medicinal products. It was established in 1995 with the aid of the EU,
pharma industries, and member states' contributions. The EU contributes one third of the new pharmaceutical products
introduced worldwide. The EU protects and promotes public and animal health by evaluating and supervising medicinal
products. It provides technical guidance and scientific advice to the sponsors concerning medicinal products, including
biologics, advanced therapeutics, and herbal medicinal products®2. The EU medicines agency work process is shown in
Figure 2.

The EU manufacturers follow a centralized approach to obtain permission from marketing authorization (MA) valid in all
EU and European Economic Area (EEA)-European Free Trade Association (EFTA) states (Iceland, Liechtenstein, and
Norway). Also, some committees include Committee for Medicinal Products for Human Use (CHMP), Committee on
Orphan Medicinal Products (COMP), Paediatric Committee (PDCO), Committee for Advanced therapy medicinal
products (ATMPs), and Pharmacovigilance Risk Assessment Committee (PRAC). The drug filing process in the EU
happens through the National procedure, Mutual recognition procedure (MRP), Decentralized procedure (DCP), and
Centralized procedure (CP).

Because of no uniform data source, most European countries rely on the quantitative data on health services provided by
the World Health Organization (WHO) Regional Office for Europe's European Health for All Database. Other reliable
sources of data are derived from the national statistical offices, Eurostat, the Organisation for Economic Co-operation and
Development (OECD), International Monetary Fund (IMF), and the World Bank's World Development Indicators®. A
systematic and strategic approach, including direct and indirect regulatory policies, was done to shape pharmaceutical care
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and improve patient access to better healthcare/medicine. This was implemented by a group of 16 countries where
regulatory mechanisms were applied to contain pharmaceutical expenditure and ensure quality and efficiency in
pharmaceutical care®.

1. Directorate
2.Human medicines development

and evaluation
- MANAGEMENT - 3. Patient health protection
BOARD ‘ 4.veterinary medicines and product
data management

5.Information and communications

technology and administration

Figure 2. The EU medicines agency work process

REGULATORY AUTHORITIES FOR PHARMACEUTICAL IN INDIA

Pharmaceutic products and related matters in India are regulated by the central drugs standards control organization
(CDSCO), headed by the director-general of health services under the Ministry of Health and Family Welfare founded
under the Drugs and Cosmetics Act (DCA 1940). The national capital Delhi is where the CDSCO's headquarters is located,
with six other cities being identified as zonal offices, including Mumbai, Chennai, Kolkata, Ghaziabad, Hyderabad, and
Ahmedabad. Besides, Bangalore, Jammu, and Chandigarh function as sub-zonal offices; the other 11 offices are located at
seaports/airports across the country. CDSCO has six offices as drug testing centers in Kolkata, Mumbai, Chennai,
Guwahati, Chandigarh, and Hyderabad. The Drug Controller General of INDIA (DCGI) functions to regulate the clinical
trials in India and issues licenses to import drugs®.

The clinical trial regulations and guidelines are in function through the Amended (2013) Schedule Y of DCA, 1940. The
CDSCO publishes the GCP guidelines, and the Indian Council for Medical Research (ICMR) publishes the guidelines for
ethical principles of biomedical research. Also, the clinical trials conducted in India are registered at the Clinical Trial Registry
of India (CTRI). To minimize the disparities and increase the efficiency of the regulatory authority concerning clinical
research, the CDSCO made an amendment that ensures registration of the ethics committees, registration of clinical research
organizations (CROs), audio-visual recording of informed consent, letter of permission to conduct a clinical trial, and
reporting/recording SAE's and study participants redressals (compensation)®. The central office/headquarters and the
zonal offices function in a specified manner, as shown in Table VIII.

Table VIIL The functions of central office/headquarters and the zonal offices of CDSCO

Functions of central office/headquarter Functions of the zonal offices

1. Approving grants for the manufacture, and import of new 1. Regular inspection of the premises of drug
drugs/medicinal products including vaccines, etc. manufacturers

2. Grants licences to import drugs 2. Inspection of manufacturers for WHO good

manufacturing practices (GMP)

3. Approves grants for conducting clinical trials 3. Inspection of private testing laboratories

4. Functions as Central License Approving Authority (CLAA) for 4. Inspection for capacity assessment as required by
running blood banks, manufacturing diagnostic kits, etc. the central agency

5. Registering foreign manufacturers 5. Inspections in response to complaints

6. Grants permission to manufacture drugs exclusively for export 6. Investigating the ‘Low drug standards’

7. Constitute meetings of Drugs Technical Advisory Board (DTAB) 7. Launching legal actions in discrepancies

Drugs Consultative Committee (DCC) to scrutinize the functioning
of the DCA and suggest amendments if necessary, and to maintain
uniformity
8. Co-ordinating with the state drug authorities to maintain uniformity 8. Grant no objection certificate (NOC) to
manufacturer for examination, test, and analysis

9. Monitors ADR'’s (pharmacovigilance) 9. Grant NOC to manufacture drugs exclusively for
export purposes
10. Enforcing Section 26A of the Drugs and Cosmetics Act to ban 10. Grant permission to import drugs for personal use
harmful drugs
11. Inspection of clinical trial sites 11. Grant NOC to import dual use material not for
medical use
12. Conducting training and workshops to improve quality control 12. Test and analyse drugs and cosmetics
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The regulatory authority in India for pharmaceutical products functions under the CDSCO, which is plagued by structural
challenges related to harmonizing its activities in coordination with the individual states' drug regulatory authorities
(SDRA's)#. The organizational structure of the Indian pharmaceutical regulatory authorities depicted in Figure 3. The
Indian regulatory authority for drugs constitutes seven main bodies that include the CDSCO, National Institute of Health

& Family Welfare (NIHFW), ICMR, Drug Technical Advisory Board (DTAB), Central Drug Testing Laboratory (CDTL),
Indian Pharmacopoeia Commission (IPC), and the National Pharmaceutical Pricing Authority (NPPA)%.

Figure 3. The organizational structure of Indian pharmaceutical regulation

THE PHARMACOVIGILANCE LAWS AND GUIDELINES

Pharmacovigilance is a process of assessing a drug's safety, and such a process will ensure that the drugs do not harm but
benefit. The process of Pharmacovigilance is a lengthy one that involves four crucial phases that includes the collection of
data, collation of data, analysis of data, and communication®. Regulatory agencies like the US FDA perform
Pharmacovigilance. The FDA regulates all the issues related to drugs, food, cosmetics, biologics, and medical devices. FDA
does not regulate advertising (except drugs, medical devices, and tobacco), alcoholic beverages, meat, poultry, illicit drug
abuse, and health insurance. In the EU, all matters related to the regulation of medicinal products come under the EU
legislation (EudraLex), European Directorate for the Quality of Medicines and Healthcare (EDQM), European Medicines
Agency (EMEA), and Heads of Medicines Agencies (HMA). Created in 1996, the EDQM harmonizes the regulatory
activities across the EU and ensures the quality and safety of pharmaceutical products¥. In Japan, pharmaceutical affairs are
regulated by the pharmaceutical affairs law (2005), the Ministry of Health, Labour and Welfare (MHLW), the
Pharmaceuticals and Medical Devices Agency (PMDA), and the National Institute of Infectious Diseases (INIID)>".

It was important to have a harmonized approach because the regulatory agencies have different rules and regulations in the
respective countries. This was brought about by the International Conference on Harmonization (ICH) of clinical research
that proposes technical requirements for registering pharmaceutical products for human use®. ICH was first convened in
1990, when the US, EU, and Japanese regulatory policies were harmonized since drug development was a global scenario.
The structure and organization of ICH consisted of six major sponsors/parties and three official observers, as shown in
Table IX.
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Table IX. The structure and organization of ICH

ICH-six official partners ICH-observers
EU: European Commission + EMA and CHMP World Health Organisation (WHO)
EFPIA (European Federation of Pharmaceutical Industries & Associations) European Free Trade Area (EFTA)
Japan: MHLW (Ministry of Health and Welfare) Canada (Health Protection Branch)
JPMA (Japanese Pharmaceutical Manuf. Association) Interested Parties

US: FDA (US Food and Drug Administration)
PhRMA (Pharmaceutical Research and Manufacturers of America)

Pharmacovigilance deals with the assessment of risks associated with pharmaceutical products. It deals with the activities
that find, evaluate, understand, and prevent adverse drug reactions (ADR) and other unwarranted drug-related
consequences. In India, pharmacovigilance activities date back to 1986, when for the first time, an adverse drug reaction
monitoring system was proposed in India. India started participating in the WHO-ADR in 1998, and in 2004, it started a
national pharmacovigilance program (PvPl). The ADR reporting system in India follows reports of ADR by healthcare
workers, consumer reporting, and public health programs (PHP). It is regulated by the CDSCO, the ministry, and the India
pharmacopeia commission headquartered in Ghaziabad, the national coordinating center (NCC)%. India, the third-highest
active pharmaceutical ingredient (API) producing/ testing country in the world, requires a robust system of ADR reporting,
as noted by recent research™.

RISK MANAGEMENT AND SPONTANEOUS REPORTING IN CLINICAL RESEARCH

The most significant aspect of a clinical trial/research is data collection. Because there is a tremendous amount of
patient/ participant data that needs to be collected and because there are many medical terminologies, we need a
harmonized approach®. We have what is called MedDRA or Medical Dictionary to solve this issue. MedDRA includes a
clinically validated international medical terminology dictionary, which can be used by the regulatory authorities and the
pharmaceutical industry during various clinical trial processes that include pre- and post-marketing activities, data entry,
retrieval, evaluation, and presentation. MedDRA is now available in English, Japanese, Chinese, Czech, Dutch, French,
German, Hungarian, Italian, Portuguese, and Spanish®. ICH also recommends an adverse event classification dictionary
which can be used for reposting the adverse events through human phases of the clinical trial. The MedDRA (Version 19.0,
March 2016, latest version) consists of internationally accepted medical terminology derived from various sources like the
WHO-ART, COSTART, HARTS, ICD-9, and ICD 9-CM, which saves time, resources, and money. It is managed by the
Maintenance and Support Services Organization (MSSO). The International Federation of Pharmaceutical Manufacturers
and Associations (IFPMA) is the trustee, and the ICH steering committee holds the intellectual property rights of MedDRA.
MedDRA aims to provide a standard and uniform platform for communication between regulatory agencies and the
pharmaceutical industry. MedDRA encourages online/ electronic submissions for applications related to various phases of
clinical research. MedDRA database includes disease, diagnosis, signs and symptoms, therapeutic interventions, diagnostic
tests and their qualitative results, medical and surgical procedures, and medical and social history. The terms related to the
patient demographic characteristics, drug product device failure, and clinical trial/study design are not included in
MedDRA¥. The MedDRA is organized into five levels; the System Organ Class (SOC) forms the first level, which has 26
terms that include Card-Cardiac disorder, Cong-Congenital, familial, and genetic disorders, Endo-Endocrine disorders,
Gastr-Gastrointestinal Disorders, Genrl-General disorders, and administration site conditions, Inj & P-Injury, poisoning, and
procedural complications, Preg-Pregnancy, puerperium, and perinatal conditions. Levels 24, respectively, are High-Level
Group Terms (HLGT), High-Level Terms (HLT), Preferred Terms (PT), and finally into, Lowest Level Terms (LLT) forming.
MedDRA also includes Standardized MedDRA Queries (SMQs), which define a medical condition within an area of
interest®,

Spontaneous reporting is an observation by the clinician/ physician during their patient management procedure related to
the activity of a drug. Because of their nature of spontaneity, such reports face criticism and demand confirmation before
being accepted by healthcare practitioners®. Medical practitioners contribute to spontaneous reporting because they are
motivated to advance clinical knowledge/understanding, a previously unknown reaction, the reaction in response to a
novel drug, drug, and reaction associations, and the severity of ADR®. Spontaneous reporting of ADRs is intended to
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convey an important message to the medical practitioners who prescribe the drugs, to understand the epidemiological
implications, and as a part of continuing medical education®'.

RESEARCH WRITING, COMMUNICATION, AND THE ROLES OF STAKEHOLDERS

Research is considered complete only if its results have been discussed as a scientific publication. It is the responsibility of
researchers and publishing editors/publishers to carefully evaluate the results submitted by the authors and publish both
positive and negative results, which will improve patient care. There is an increased gap between the research activities,
their results, and clinical practice. Wherever necessary, the research results must be made available to the policymakers and
all the stakeholders (patients, others), allowing discussions to make public health-related policy decisions®. Scientific
publications are generally done in journals, which are peer-reviewed before being published. The journals are
indexed/archived in various databases, protecting the content permanently. The major indexing agencies for medical
journals include Index Medicus, PubMed, Scopus, Web of Science, and others®.

Different research publications include evidence-based reviews (systematic reviews/Cochrane reviews). Such publications
evaluate the available research studies and present the results in a manner that healthcare practitioners can easily
understand. It helps in developing detailed knowledge which can be translated into practice. Although scientific
publications in journals are intended for the scientific community, there are several other communications which are needed
to be done. Other communications include communications to the funding agencies, health professionals, policymakers,
patients, the community, the public, and the media®. A scientific publication is a clear and honestly written research work
intended for the public's benefit. An original research work (observational/experimental) is usually divided into an
Abstract/summary, Keywords, Introduction, Methods, Results, and Discussion. To have uniformity in scientific
communications, the International Committee of Medical Journal Editors (ICMJE) recommends that biomedical journals
follow specific guidelines for considering the publication of scientific papers in journals®. A few recommendations of ICMJE
are listed in Table X.

The manuscript may contain acknowledgments, financial declarations, and conflicts of interest at the end of the entire
manuscript before the references. Finally, the manuscript lists cited references that follow a uniform pattern, like the
Vancouver and Harvard styles®. Research communications assume increased importance when the results are
communicated /presented to the stakeholders, who may be interested in/affected by the research results/conclusions. It is
often crucial that the research results are considered a cornerstone for making policy decisions, especially concerning
protecting the environment and public health?”. Interaction between researchers and the stakeholders is essential for
improved communication of the research results. There is a responsibility on the part of both the researchers and the
scientists for their responsibility towards society®. Stakeholders are all those individuals and institutions that may be affected
by the research outcome. A strong relationship and understanding between the stakeholders and the researchers are
essential for research success®.

Table X.  The recommendations of ICMJE with respect to scientific publications

Section of the scientific communication Recommended guideline

Title Must convey the zest of the paper in as few words as possible, no abbreviations, ideally
restricted to 10-12 words and 30-50 characters

Abstract Convey the message of the full paper, may be structured or unstructured, limited to 250
characters, written in past tense describing in brief about the work, no references

Keywords Facilitates indexing, and retrieval, must have a minimum of three, and may be up to 10,

chosen from within the abstract, no abbreviations, preferably listed in the medical subject
heading (MeSH) as listed in PubMed

Introduction The perspective of the chosen work, background, and why did the authors choose to work
on it? Can have limited references

Methods What has been done? clear methodology including the ethical concerns, statistical
applications, can have references

Results What has been found out? Clearly presented in Tables, Figures, Graphs, etc., no references

Discussion Results are analysed and discussed, generally in comparison to available literature,
mention the limitations of study with future perspectives, and well referenced

Conclusions Should be a minimum of two sentences, drawn from the results of the study, abstain from

claims not drawn from the results
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PATENTING, PUBLICATION, ASSESSMENT, AND EVALUATION OF RESEARCH

Among the various essential aspects of clinical research/trials, the publication of the research results assumes increased
significance. Also, the sponsor may proceed with the patent application with the help of the data generated from a clinical
trial. Other significant issues include ethical concerns, conflict of interest (COI), and copyright-related aspects. The sponsors
may influence the research publications drawn from a clinical trial, and only favorable results may be published by not
revealing the study's negative results. Also, authorship problems could arise when a ghostwriter is chosen to write the
manuscript and the authorship criteria do not follow the ICMJE recommendations!. Research publications also involve
copyright issues, where the authors of previous research must be given due credit. All material should be cited only after
acquiring the permission of the concerned parties. Journal publications can also be plagued by the issue of plagiarism and
duplicate/ redundant publications. The copy of an idea, words, and any other material from previously published content
without citation and not giving due credit to the copyright holder is termed plagiarism. Protection of patient privacy is
another critical aspect of journal publication, where the study's participants and their identities should not be revealed™.
Scientific fraud may also arise because of improper study design, bias, inappropriate statistical methods to draw conclusions,
fabrication, cooking up the data, and undue data trimming. The Committee on Publication Ethics (COPE) was constituted
in the year 1997 in the United Kingdom to control unethical practices in the research and publication processes. The COPE
vests the responsibility of the published content on the editors, and it was recommended that the journals retract the
fraudulent papers after a thorough inquiry”’. Assessment and evaluation of research is the most crucial step in a journal
publication process. Mostly it is done through the peer-reviewing process. For the research to be useful / fruitful, the research
results must be applied by patenting and manufacturing. Patents are legal documents that entitle the inventor with the rights
to novel technical innovations/ideas”. Published research requires evaluation by peers in the respective field. More so, the
parameter that is taken as the criteria for assessing the published article is its citations”. The number of times the published
content has been cited by another researcher in their research publication reveals the citation's impact on the
article/ publication. Patents are also an indicator that determines the potential of the research in the industry?. In recent
research from Germany, the main motive was to produce a publication, and in most instances, a patent has a commercial
motive™.

THE CURRENT PERSPECTIVES

The clinical research process requires certain concepts that include the identification of a research problem. A thorough
literature review is performed, and a conceptual framework is developed. Later experts in the related field are approached
for collaboration and conduction of clinical trials. Another significant aspect of clinical research is identifying the population's
opinion. Constructing a theoretical design is essential while conducting clinical research, achieved only through an extensive
literature survey and expert collaboration. The pictorial representation of the clinical research type is shown in Figure 47.
Recent research has stressed the importance of establishing state-of-the-art research and development facilities in India. It
also signifies the necessity for Indian pharmaceutical manufacturing companies to adhere to international (US and EU)
regulatory requirements. Such practices by the Indian pharmaceutics firm may encourage the production of generic drugs
and enhance drug exports to foreign countries. This study also observed that the expenditure on pharmaceutical R&D by
Indian manufacturers had significantly increased in the last decade-and-a-half, and India contributed to 40% of the world's
Abbreviated New Drug Applications (ANDA)7. Recently, the Association of Southeast Nations (ASEAN) was formed as a
regional organization that could become a platform for Southeast Asian countries to harmonize drug regulatory
requirements. There are currently ten countries, including the major country Singapore, Malaysia, Thailand, Indonesia,
Philippines, Brunei Darussalam, Laos, Myanmar, Vietnam, and Cambodia, unfortunately without India™.

Approval of novel drugs is essential to functioning regulatory authorities like the US FDA. Novel and repurposed drugs
are significantly essential concerning improved patient care. A recent study assessed the trends in approving new drugs by
the USFDA in the last decade (2000-2017). It was observed that the FDA's Centre for Drug Evaluation and Research (CDER),
which summarizes novel drugs, is instrumental in advancing clinical research and improving clinical care. It was noted that
there was an increased approval rate for new drugs against cancer and related biologics and relatively slow progress for the
approval of neurological drugs (antipsychotic, anti-depression) and lifestyle diseases (obesity, diabetes, and others)”. There
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is no doubt about the contribution of clinical research to the advancement of healthcare, as evidenced by the reduction in
the morbidity and mortality associated with several illnesses that include both contagious and non-contagious diseases.
Vaccines against polio and many treatments for cardiovascular diseases are a couple of examples that signify the importance
of clinical research®. The regulatory requirements for manufacturing pharmaceutical products vary between different
countries. But the prominent function/role played by the regulatory bodies is to supervise the manufacture, distribution,
and promotion and ensure that the medicinal products are safe and have quality and efficacy®!.

The efficiency of the regulatory bodies is instrumental in developing quality generic medicines. Generic drugs are
remarkably like the innovator product (patented) and show an equal bioequivalence value as an innovator drug in terms of
quality, safety, and efficiency®2. The prevalent inconsistencies among various regulatory authorities worldwide have been
highlighted by the perception/categorization of herbal medicine (HM) compared to five countries. This study noted that
HM had a different definition and was under a different law, requirement, restriction, and preparation type. Except for the
US, which considered HM a food supplement/herb that does not require prior permission before marketing, other
countries, including the UK, Germany, United Arab Emirates (UAE), and Bahrain, offered simple regulatory
requirements®.

Good knowledge of the standards and procedures followed by national and international regulatory agencies could
improve the standards of pharmaceutical manufacturing companies. It must be noted that the US FDA approves generic
drugs following the same stringent regulatory approval procedures, and therefore the quality of the generic drugs will be
very similar to that of an innovative/patented drug?. It has recently been emphasized that pharmacovigilance assumes
increased significance in the era of 'Big data' where a large amount of clinical research data is generated. The post-marketing
stage has been noted to have a significant role in pharmacovigilance, and it is instrumental in identifying additional safety
issues with the drugs®.

m Non-causal Causal

Diagnostic Interventional
Prognostic Etiologic

Figure 4. The pictorial representation of the types of clinical research

CONCLUSION

Clinical trials and research related to developing, manufacturing, and marketing novel pharmaceutical drugs and devices
have been instrumental in resolving many public health-related problems. However, this process is highly critical due to the
national and international regulatory requirements. Also, because clinical research involves human participants, the role
played by the regulatory authorities, pharmacovigilance laws, and risk assessment assumes increased significance. The
patents obtained and the research publications consequent to the clinical research/trials are equally crucial for the
pharmaceutical drug and devices to enter the markets and be available in the public domain for use among humans.

ACKNOWLEDGMENT

The authors thank our respective Institutions and Universities. This study did not receive any funding.

104


https://portal.issn.org/resource/ISSN/2621-4814

Kandi V, Vadakedath S, Addanki PS, Godishala V, Pinnelli VB. 2023. Clinical Trials: The Role of Regulatory Agencies, Pharmacovigilance ...

AUTHORS’ CONTRIBUTION

Venkataramana Kandi: conceptualized, prepared the initial draft, revised, and edited the manuscript. Sabitha
Vadakedath, Purna Singh Addanki, Vikram Godishala, and Venkata Bharatkumar Pinnelli: performed revisions. All

the authors approved the final draft.

DATA AVAILABILITY

Not applicable.

CONFLICT OF INTEREST

None.

REFERENCES

1. KandiV, Vadakedath S. Clinical Trials and Clinical Research: A Comprehensive Review. Cureus. 2023;15(2):e35077.
doi:10.7759/ cureus.35077

2. Kandi V, Suvvari TK, Vadakedath S, Godishala V. Microbes, Clinical trials, Drug Discovery, and Vaccine
Development: The Current Perspectives. Borneo ] Pharm. 2021;4(4):311-23. doi:10.33084/ bjop.v4i4.2571

3. TuYF, Chien CS, Yarmishyn AA, Lin YY, Luo YH, Lin YT, et al. A Review of SARS-CoV-2 and the Ongoing Clinical
Trials. Int ] Mol Sci. 2020;21(7):2657. doi:10.3390/ ijms21072657

4. Park JJH, Mogg R, Smith GE, Nakimuli-Mpungu E, Jehan F, Rayner CR, et al. How COVID-19 has fundamentally
changed clinical research in global health. Lancet Glob Health. 2021,9(5):e711-20. doi:10.1016/52214-109X(20)30542-8

5. Bassi A, ArfinS, Joshi R, Bathla N, Hammond NE, Rajbhandari D, et al. Challenges in operationalising clinical trials in
India during the COVID-19 pandemic. Lancet Glob Health. 2021;10(3):€317-9. doi:10.1016/52214-109x(21)00546-5

6.  Spigel DR. The value of observational cohort studies for cancer drugs. Biotechnol Healthc. 2010;7(2):18-24.

7. Mamounas EP. NSABP breast cancer clinical trials: recent results and future directions. Clin Med Res. 2003;1(4):309-26.
doi:10.3121/cmr.1.4.309

8. Juneja A, Gupta J, Yadav N, Sharma S, Panchal Y, Adhikari T, et al. An overview of primary registries of WHO's
international clinical trial registry platform. Ayu. 2019;40(3):141-6. doi:10.4103/ayu.ayu_62_20

9. KandiV, Vadakedath S. Clinical Research: An Overview of Study Types, Designs, and Their Implications in the Public
Health Perspective. Am ] Clin Med Res. 2021;9(2):36-42. doi: 10.12691/ ajcmr-9-2-1

10. Lim CY, In]J. Randomization in clinical studies. Korean ] Anesthesiol. 2019;72(3):221-32. doi:10.4097 /kja.19049

11. Kang M, Ragan BG, Park JH. Issues in outcomes research: an overview of randomization techniques for clinical trials.
J Athl Train. 2008;43(2):215-21. doi:10.4085/1062-6050-43.2.215

12. LinY, Zhu M, Su Z. The pursuit of balance: An overview of covariate-adaptive randomization techniques in clinical
trials. Contemp Clin Trials. 2015;45(Pt A):21-5. doi:10.1016/j.cct.2015.07.011

13. Selukar S, May S, Law D, Othus M. Stratified randomization for platform trials with differing experimental arm

eligibility. Clin Trials. 2021;18(5):562-9. doi:10.1177 /17407745211028872

105


https://doi.org/10.7759/cureus.35077
https://doi.org/10.33084/bjop.v4i4.2571
https://doi.org/10.3390/ijms21072657
https://doi.org/10.1016/s2214-109x(20)30542-8
https://doi.org/10.1016/s2214-109x(21)00546-5
https://doi.org/10.3121/cmr.1.4.309
https://doi.org/10.4103/ayu.ayu_62_20
http://doi.org/10.12691/ajcmr-9-2-1
https://doi.org/10.4097/kja.19049
https://doi.org/10.4085/1062-6050-43.2.215
https://doi.org/10.1016/j.cct.2015.07.011
https://doi.org/10.1177/17407745211028872

Borneo Journal of Pharmacy, Vol 6 Issue 1, February 2023, Pages 93 - 109 e-ISSN: 2621-4814

14.

15.

16.

17.

18.

19.

20.

21.

23.

24.

26.

27.

28.

29.

30.

31.

32.

106

Yang HL, Wu XB, Mao C. [Block randomization in clinical trials]. Zhonghua Yu Fang Yi Xue Za Zhi. 2019;53(4):437-
40. doi:10.3760/ cma.j.issn.0253-9624.2019.04.022

Park Y. Challenges and opportunities in biomarker-driven trials: adaptive randomization. Ann Transl Med.
2022;10(18):1035. doi:10.21037 / atm-21-6027

Tavana B, Chen A. Determination of Drugs in Clinical Trials: Current Status and Outlook. Sensors. 2022;22(4):1592.
doi:10.3390/522041592

Yan F, Thall PF, Lu KH, Gilbert MR, Yuan Y. Phase I-II clinical trial design: a state-of-the-art paradigm for dose finding.
Ann Oncol. 2018;29(3):694-9. d0i:10.1093 / annonc/ mdx795

Sramek JJ, Murphy MF, Adcock S, Stark JG, Cutler NR. Phase 1 Clinical Trials of Small Molecules: Evolution and State
of the Art. Rev Recent Clin Trials. 2021;16(3):232-41. doi:10.2174/1574887116666210204125844

Pascual CD. Clinical Drug Trials: The Path to the Patient. Methods Mol Biol. 2021,2296:411-21. doi:10.1007 /978-1-0716-
1358-0_24

Torres-Saavedra PA, Winter KA. An Overview of Phase 2 Clinical Trial Designs. Int ] Radiat Oncol Biol Phys.
2022;112(1):22-9. doi:10.1016 /j.ijrobp.2021.07.1700

Vadakedath S, Godishala V, Suvvari TK, Kandi V. Pharmacology and Pharmacotherapeutics: Finding New Avenues
of Research. Am J Pharmacol Sci. 2021;9(2):46-55. doi:10.12691/ ajps-9-2-1

Bhatt A. Clinical trials during the COVID-19 pandemic: Challenges of putting scientific and ethical principles into
practice. Perspect Clin Res. 2020;11:59-63. doi:10.4103 / picr.PICR_77_20

Pal M, Berhanu G, Desalegn C, Kandi V. Severe Acute Respiratory Syndrome Coronavirus-2 (SARS-CoV-2): An
Update. Cureus. 2020;12(3):€7423. doi:10.7759/ cureus.7423

Bhatt A. Evolution of clinical research: a history before and beyond james lind. Perspect Clin Res. 2010;1(1):6-10.

Fogel DB. Factors associated with clinical trials that fail and opportunities for improving the likelihood of success: A
review. Contemp Clin Trials Commun. 2018;11:156-64. doi:10.1016/j.conctc.2018.08.001

Annas GJ. Beyond Nazi War Crimes Experiments: The Voluntary Consent Requirement of the Nuremberg Code at
70. Am ] Public Health. 2018;108(1):42-6. doi:10.2105/ ajph.2017.304103

Muthuswamy V. Ethical issues in clinical research. Perspect Clin Res. 2013;4(1):9-13. doi:10.4103 / 2229-3485.106369

Williamson AE, Burns N. The safety of researchers and participants in primary care qualitative research. Br ] Gen Pract.
2014;64(621):198-200. doi:10.3399/ bjgp14x679480

Collins JF, Sather MR. Regulatory Issues for Clinical Trials in Humans. Epidemiol Rev 2002; 24(1):59-66.
doi:10.1093/ epirev/24.1.59

Bierer BE, White SA, Barnes JM, Gelinas L. Ethical Challenges in Clinical Research During the COVID-19 Pandemic.
Bioeth Inq. 2020;17(4):717-22. doi:10.1007 /s11673-020-100454

Viajayanathan A, Nawawi O. The importance of Good Clinical Practice guidelines and its role in clinical trials. Biomed
Imaging Interv J. 2008;4(1):e5. doi:10.2349/biij4.1.e5

Devine S, Dagher RN, Weiss KD, Santana VM. Good clinical practice and the conduct of clinical studies in pediatric
oncology. Pediatr Clin North Am. 2008;55(1):187-209. doi:10.1016/j.pcl.2007.10.008


https://portal.issn.org/resource/ISSN/2621-4814
https://doi.org/10.3760/cma.j.issn.0253-9624.2019.04.022
https://doi.org/10.21037/atm-21-6027
https://doi.org/10.3390/s22041592
https://doi.org/10.1093/annonc/mdx795
https://doi.org/10.2174/1574887116666210204125844
https://doi.org/10.1007/978-1-0716-1358-0_24
https://doi.org/10.1007/978-1-0716-1358-0_24
https://doi.org/10.1016/j.ijrobp.2021.07.1700
http://doi.org/10.12691/ajps-9-2-1
https://doi.org/10.4103/picr.picr_77_20
https://doi.org/10.7759/cureus.7423
https://doi.org/10.1016/j.conctc.2018.08.001
https://doi.org/10.2105/ajph.2017.304103
https://doi.org/10.4103/2229-3485.106369
https://doi.org/10.3399/bjgp14x679480
https://doi.org/10.1093/epirev/24.1.59
https://doi.org/10.1007/s11673-020-10045-4
https://doi.org/10.2349/biij.4.1.e5
https://doi.org/10.1016/j.pcl.2007.10.008

Kandi V, Vadakedath S, Addanki PS, Godishala V, Pinnelli VB. 2023. Clinical Trials: The Role of Regulatory Agencies, Pharmacovigilance ...

33.

35.

36.

37.

38.

39.

40.

41.

43.

45.

47.

49.

Castelino LJ, Narayanan AV, Fernandes SD, Kumar P, Sandeep DS. Good Clinical Practices: An Indian Perspective.
Res J Pharm Technol. 2018;11(7):3209-15. doi:10.5958 /0974-360X.2018.00590.5

Arango J, Chuck T, Ellenberg SS, Foltz B, Gorman C, Hinrichs H, et al. Good Clinical Practice Training: Identifying Key
Elements and Strategies for Increasing Training Efficiency. Ther Innov Regul Sci. 2016;50(4):480-6.
doi:10.1177/2168479016635220

Barkan H. Statistics in clinical research: Important considerations. Ann Card Anaesth. 2015;18(1):74-82.
doi:10.4103/0971-9784.148325

Ganasegeran K, Ch'ng ASH, Jamil MFA, Looi . Clinicians' Perceived Understanding of Biostatistical Results in the
Medical Literature: A Cross-Sectional Study. Medicina. 2019;55(6):227. doi:10.3390/ medicina55060227

Feehan AK, Garcia-Diaz ]. Investigator Responsibilities in Clinical Research. Ochsner J. 2020;20(1):44-9.
doi10.31486/t0j.19.0085

Haller Jr JS. The United States Pharmacopoeia: its origin and revision in the 19th century. Bull N Y Acad Med.
1982,58(5):480-92.

National Research Council (US) Committee on the Review of Food and Drug Administration's Role in Ensuring Safe
Food. Appendix E: The U.S. Food and Drug Administration and Imported Food Safety. Wallace RB, Oria M, editors.
Enhancing Food Safety: The Role of the Food and Drug Administration. Washington: National Academies Press; 2010.

Sniffen JC, McFarland LV, Evans CT, Goldstein EJC. Choosing an appropriate probiotic product for your patient: An
evidence-based practical guide. PLoS One. 2018;13(12):e0209205. doi:10.1371 /journal.pone.0209205

National Academies of Sciences, Engineering, and Medicine; Division on Earth and Life Studies; Board on Chemical
Sciences and Technology; Board on Agriculture and Natural Resources; Board on Life Sciences; Committee on Future
Biotechnology Products and Opportunities to Enhance Capabilities of the Biotechnology Regulatory System. The
Current Biotechnology Regulatory System. Preparing for Future Products of Biotechnology. Washington: National
Academies Press; 2017. doi:10.17226 /24605

Santoro A, Genov G, Spooner A, Raine J, Arlett P. Promoting and Protecting Public Health: How the European Union
Pharmacovigilance System Works. Drug Saf. 2017,40(10):855-69. d0i:10.1007 / s40264-017-0572-8

Panteli D, Arickx F, Cleemput I, Dedet G, Eckhardt H, Fogarty E, et al. Pharmaceutical regulation in 15 European
countries: Review. Health Syst Transit. 2016;18(5):1-118.

Kruk ME, Gage AD, Arsenault C, Jordan K, Leslie HH, Roder DeWan S, et al. High-quality health systems in the
Sustainable Development Goals era: time for a revolution. Lancet Glob Health. 2018;6(11):€1196-252.
doi10.1016/s2214-109x(18)30386-3

Gogtay NJ, Ravi R, Thatte UM. Regulatory requirements for clinical trials in India: What academicians need to know.
Indian ] Anaesth. 2017;61(3):192-9. doi:10.4103/ija.ija_143_17

Singh N, Madkaikar NJ, Gokhale PM, Parmar DV. New drugs and clinical trials rules 2019: Changes in responsibilities
of the ethics committee. Perspect Clin Res. 2020;11(1):3743. doi:10.4103/ picr.picr_208_19

Chowdhury N, Joshi P, Patnaik A, Saraswathy B. Administrative Structure and Functions of Drug Regulatory
Authorities in India. New Delhi: Indian Council for Research on International Economic Relations; 2015.

Kalita KN, Kalita A. Psychiatry Update: Psychopharmacology. Guwahati: Department of Psychiatry, Lokopriya
Gopinath Bordoloi Regional Institute of Mental Health; 2018.

Talbot JC, Nilsson BS. Pharmacovigilance in the pharmaceutical industry. Br ] Clin Pharmacol. 1998;45(5):427-31.
doi:10.1046/}.1365-2125.1998.00713 x

107


https://doi.org/10.5958/0974-360X.2018.00590.5
https://doi.org/10.1177/2168479016635220
https://doi.org/10.4103/0971-9784.148325
https://doi.org/10.3390/medicina55060227
https://doi.org/10.31486/toj.19.0085
https://doi.org/10.1371/journal.pone.0209205
https://doi.org/10.17226/24605
https://doi.org/10.1007/s40264-017-0572-8
https://doi.org/10.1016/s2214-109x(18)30386-3
https://doi.org/10.4103/ija.ija_143_17
https://doi.org/10.4103/picr.picr_208_19
https://doi.org/10.1046/j.1365-2125.1998.00713.x

Borneo Journal of Pharmacy, Vol 6 Issue 1, February 2023, Pages 93 - 109 e-ISSN: 2621-4814

50.

51.

52.

53.

55.

56.

57.

58.

59.

61.

62.

63.

65.

67.

108

Makwana RG, Desai KV, Kikani V, Vaja MD. Regulatory advances and prospects of variation filing for the registered
parenteral products in USA and Europe. Int ] Drug Reg Affairs. 2021,9(2):52-5. doi:10.22270/ijdra.v9i2.470

Azuma K, Yamanaka S. Recent policies that support clinical application of induced pluripotent stem cell-based
regenerative therapies. Regen Ther. 2016;4:36-47. doi:10.1016/j.reth.2016.01.009

Singh J. International conference on harmonization of technical requirements for registration of pharmaceuticals for
human use. ] Pharmacol Pharmacother. 2015;6(3):185-7. doi:10.4103 / 0976-500x.162004

Jadav BH, Thula KC, Maheshwari DG. Regulatory requirements of Pharmacovigilance system and its comparison in
India and USA. ] Glob Trends Pharm Sci. 2015;6(1):2351-6.

Jaani M, Venkatesh ND. Pharmacovigilance-A Master Key for Drug Safety. ] Pharm Sci Res. 2019;11(5):1963-70.

Saczynski ]S, McManus DD, Goldberg RJ. Commonly used data-collection approaches in clinical research. Am ] Med.
2013;126(11):946-50. d0i:10.1016 /j.amjmed.2013.04.016

Brown EG, Wood L, Wood S. The medical dictionary for regulatory activities (MedDRA). Drug Saf. 1999,20(2):109-17.
doi:10.2165,/00002018-199920020-00002

Zink RC, Marchenko O, Sanchez-Kam M, Ma H, Jiang Q. Sources of Safety Data and Statistical Strategies for Design
and Analysis: Clinical Trials. Ther Innov Regul Sci. 2018;52(2):141-58. doi:10.1177/2168479017738980

Grofse-Michaelis I, Proestel S, Rao RM, Dillman BS, Bader-Weder S, Macdonald L, et al. MedDRA Labeling Groupings
to Improve Safety Communication in Product Labels. Ther Innov Regul Sci. 2023;57(1):1-6. doi:10.1007/s43441-022-
00393-1

Asamah M, Akuffo KO, Nortey P, Donkor N, Danso-Appiah A. Spontaneous reporting of adverse drug reaction
among health professionals in Ghana. Arch Public Health. 2022;80(1):33. doi:10.1186/s13690-021-00783-1

Salvador MR, Monteiro C, Pereira L, Duarte AP. Quality of Spontaneous Reports of Adverse Drug Reactions Sent to
a Regional Pharmacovigilance Unit. Int ] Environ Res Public Health. 2022;19(7):3754. doi:10.3390/ jjerph19073754

Edwards IR. Spontaneous reporting—-of what? Clinical concerns about drugs. Br ] Clin Pharmacol. 199948(2):138-41.
doi:Bebayar kah lawn 10.1046/j.1365-2125.1999.00000.x

Simundi¢ AM. Bias in research. Biochem Med. 2013;23(1):12-5. doi:10.11613/bm.2013.003

Balhara YPS. Indexed journal: What does it mean? Lung India. 2012,29(2):193. doi:10.4103/0970-2113.95345

Munn Z, Stern C, Aromataris E, Lockwood C, Jordan Z. What kind of systematic review should I conduct? A proposed
typology and guidance for systematic reviewers in the medical and health sciences. BMC Med Res Methodol.
2018;18(1):5. doi:10.1186/s12874-017-04684

Bahadoran Z, Mirmiran P, Kashfi K, Ghasemi A. The Principles of Biomedical Scientific Writing: Abstract and
Keywords. Int ] Endocrinol Metab. 2020;18(1):€100159. doi:10.5812/ijem.100159

Harsoor SS. Art and science of authorship for biomedical research publication. Indian ] Anaesth. 2016;60(9):679-83.
doi:10.4103/0019-5049.190626

Kanankege KST, Phelps NBD, Vesterinen HM, Errecaborde KM, Alvarez J, Bender B, et al. Lessons Learned From the
Stakeholder Engagement in Research: Application of Spatial Analytical Tools in One Health Problems. Front Vet Sci.
2020;7:254. doi:10.3389/ fvets.2020.00254

Knaggard A, Slunge D, Ekbom A, Gothberg M, Sahlin U. Researchers’ approaches to stakeholders: Interaction or
transfer of knowledge? Environ Sci Policy. 2019;97:25-35. d0i:10.1016/j.envsci.2019.03.008


https://portal.issn.org/resource/ISSN/2621-4814
https://doi.org/10.22270/ijdra.v9i2.470
https://doi.org/10.1016/j.reth.2016.01.009
https://doi.org/10.4103/0976-500x.162004
https://doi.org/10.1016/j.amjmed.2013.04.016
https://doi.org/10.2165/00002018-199920020-00002
https://doi.org/10.1177/2168479017738980
https://doi.org/10.1007/s43441-022-00393-1
https://doi.org/10.1007/s43441-022-00393-1
https://doi.org/10.1186/s13690-021-00783-1
https://doi.org/10.3390/ijerph19073754
https://doi.org/10.1046/j.1365-2125.1999.00000.x
https://doi.org/10.11613/bm.2013.003
https://doi.org/10.4103/0970-2113.95345
https://doi.org/10.1186/s12874-017-0468-4
https://doi.org/10.5812/ijem.100159
https://doi.org/10.4103/0019-5049.190626
https://doi.org/10.3389/fvets.2020.00254
https://doi.org/10.1016/j.envsci.2019.03.008

Kandi V, Vadakedath S, Addanki PS, Godishala V, Pinnelli VB. 2023. Clinical Trials: The Role of Regulatory Agencies, Pharmacovigilance ...

69.

70.

71.

72.

73.

74.

75.

76.

78.

79.

80.

81.

82.

83.

85.

Maurer M, Mangrum R, Hilliard-Boone T, Amolegbe A, Carman KL, Forsythe L, et al. Understanding the Influence
and Impact of Stakeholder Engagement in Patient-centered Outcomes Research: a Qualitative Study. ] Gen Intern
Med. 2022;37(Suppl 1):6-13. doi:10.1007 /s11606-021-07104-w

Khadilkar SS. Scientific Misconduct: A Global Concern. ] Obstet Gynaecol India. 2018;68(5):331-5. doi:10.1007 /513224
018-1175-8

Wager E, Kleinert S. Cooperation between research institutions and journals on research integrity cases: guidance from
the committee on publication ethics (cope). Acta Inform Med. 2012,20(3):136-40. doi:10.5455/aim.2012.20.136-140

van Raan AF. Patent Citations Analysis and Its Value in Research Evaluation: A Review and a New Approach to Map
Technology-relevant Research", ] Data Inf Sci. 2017;2(1):13-50. doi:10.1515/jdis-2017-0002

Aksnes DW, Langfeldt L, Wouters P. Citations, Citation Indicators, and Research Quality: An Overview of Basic
Concepts and Theories. SAGE Open. 2019;9(1):215824401982957. doi:10.1177 /2158244019829575

Narin, F. Patents as indicators for the evaluation of industrial research output. Scientometrics. 1995;34(3):489-96.
doi10.1007/BF02018015

Blind K, Pohlisch ], Aikaterini Z. Publishing, patenting, and standardization: Motives and barriers of scientists. Res
Policy. 2018;47(7):1185-97. d0i:10.1016/j.respol.2018.03.011

Chew BH. Planning and Conducting Clinical Research: The Whole Process. Cureus. 2019;11(2):e4112.
doi:10.7759/ cureus. 4112

Banerji A, Suri F. Impact of R and D Intensity, Patents and Regulatory Filings on Export Intensity of Indian
Pharmaceutical Industry. Indian J of Pharm Educ Res. 2019;53(4):638-48. doi:10.5530/ijper.53.4.125

Ghangas J, Jain N, Sinha A. A critical view of harmonization of regulatory requirements for Generic Drug approval
submissions in ASEAN countries. Int ] Drug Regul Aff. 2019; 7(1):13-24. doi:10.22270/ijdra. v7i1.297

Batta A, Kalra BS, Khirasaria R. Trends in FDA drug approvals over last 2 decades: An observational study. ] Family
Med Prim Care. 2020;9(1):105-14. doi:10.4103 /jfmpc.jfmpc_578_19

Andre FE, Booy R, Bock HL, Clemens J, Datta SK, John TJ, et al. Vaccination greatly reduces disease, disability, death
and inequity worldwide. Bull World Health Organ. 2008;86(2):140-6. doi:10.2471/blt.07.040089

Handoo S, Arora V, Khera D, Nandi PK, Sahu SK. A comprehensive study on regulatory requirements for
development and filing of generic drugs globally. Int ] Pharm Investig. 2012;2(3):99-105. doi:10.4103 /2230-973X.104392

Rana P, Roy V. Generic medicines: issues and relevance for global health. Fundam Clin Pharmacol. 2015;29(6):529-42.
doi:10.1111/fcp.12155

Alostad AH, Steinke DT, Schafheutle EI. International Comparison of Five Herbal Medicine Registration Systems to
Inform Regulation Development: United Kingdom, Germany, United States of America, United Arab Emirates and
Kingdom of Bahrain. Pharmaceut Med. 2018;32(1):39-49. doi:10.1007 /s40290-018-0223-0

Martin R, Bahmani K. Generic drugs, a need to the public: USA and India - Government plans to reduce the price of
abbreviated new drug application and list of generic drugs approved in year 2018. ] Generic Med. 2019; 15(3):115-32.
doi:10.1177/1741134319848811

Bate A, Reynolds RF, Caubel P. The hope, hype, and reality of Big Data for pharmacovigilance. Ther Adv Drug Saf.
2018;9(1):5-11. doi:10.1177 /2042098617736422

109


https://doi.org/10.1007/s11606-021-07104-w
https://doi.org/10.1007/s13224-018-1175-8
https://doi.org/10.1007/s13224-018-1175-8
https://doi.org/10.5455/aim.2012.20.136-140
https://doi.org/10.1515/jdis-2017-0002
https://doi.org/10.1177/2158244019829575
https://doi.org/10.1007/BF02018015
https://doi.org/10.1016/j.respol.2018.03.011
https://doi.org/10.7759/cureus.4112
https://dx.doi.org/10.5530/ijper.53.4.125
https://doi.org/10.22270/ijdra.v7i1.297
https://doi.org/10.4103/jfmpc.jfmpc_578_19
https://doi.org/10.2471/blt.07.040089
https://doi.org/10.4103/2230-973x.104392
https://doi.org/10.1111/fcp.12155
https://doi.org/10.1007/s40290-018-0223-0
https://doi.org/10.1177/1741134319848811
https://doi.org/10.1177/2042098617736422

