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ABSTRACT 

	Good Clinical Practice (GCP) constitutes the internationally accepted ethical and scientific framework governing the design, conduct, monitoring, and reporting of clinical trials involving human participants. It provides safeguards for the rights, safety, and welfare of research participants while ensuring the integrity and credibility of the data generated. The development of GCP has been shaped by historical milestones, ethical deliberations, and regulatory harmonization across jurisdictions. For this review, evidence was sourced from PubMed, Scopus, and Google Scholar covering the period 1947–2023, with a focus on international and national guidelines, regulatory documents, and peer-reviewed literature relevant to biomedical and dental research. The review highlights its application in both biomedical and dental trials, including challenges unique to dental research such as small sample sizes, high dropout rates, and variability in outcome measures. Furthermore, it synthesizes insights from the literature on challenges and critiques associated with implementation, including issues highlighted during the COVID-19 pandemic, the emergence of digital and decentralized trials, artificial intelligence in monitoring, and the need for inclusivity in trial populations. In conclusion, GCP remains an essential framework for ethically sound and scientifically credible clinical research, and dental researchers in particular should apply these principles rigorously to strengthen trial quality and ensure translation into safe and effective patient care.
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1. INTRODUCTION 
Clinical research has been one of the driving forces behind medical progress, from the development of antibiotics and vaccines to innovative surgical techniques and modern biologics. Yet, this progress has often come at a profound ethical cost. Many early clinical experiments, though scientifically valuable, neglected fundamental human rights, prioritizing discovery over dignity. The modern framework of Good Clinical Practice (GCP) represents a global consensus that scientific advancement must never compromise the safety, rights, and welfare of participants.
GCP is a unified standard of ethical and scientific quality required for the design, conduct, recording, and reporting of clinical trials involving human subjects. Compliance provides assurance that the data generated are credible and accurate, while ensuring that participants’ rights and integrity are safeguarded [1]. Since the first codification in ICH-GCP (1996), GCP has become the gold standard across international regulatory bodies, including the FDA (USA), EMA (Europe), and ICMR (India).
Understanding GCP requires looking back at its historical development, which was shaped less by orderly progress and more by scandal, tragedy, and lessons painfully learned. The trajectory from early unregulated human experimentation to today’s harmonised global framework highlights the constant tension between scientific ambition and ethical responsibility.

Early Experiments and Absence of Regulation

The history of human experimentation predates modern medicine. Reports from as early as the 18th and 19th centuries describe physicians testing novel treatments directly on patients, often without explicit consent. Edward Jenner’s smallpox vaccine trial (1796), in which he inoculated an eight-year-old boy with cowpox to demonstrate immunity, is hailed as revolutionary but would not meet modern ethical standards [2].
In the late 19th and early 20th centuries, experiments on vulnerable populations became common. Prisoners, the poor, mentally ill, and institutionalized children were frequent research subjects. The absence of formal consent processes and oversight mechanisms meant that medical research often blurred into exploitation [3].
One notorious example is the pellagra experiments in the early 1900s, in which researchers deliberately withheld treatment from patients in southern U.S. as part of a dietary deficiency study. Similarly, several dermatological and pharmaceutical studies in Europe during this period were carried out on institutionalized children without parental consent [4].
These practices reflected a paternalistic view of medicine, where the physician’s judgment was considered sufficient justification for experimentation. Ethical considerations were largely subordinated to scientific curiosity.

The Nuremberg Code: Birth of Research Ethics

The horrors of Nazi medical experiments during World War II forced the international community to confront the ethical void in human research. Prisoners in concentration camps were subjected to freezing experiments, high-altitude studies, and deliberate infection with diseases, often leading to death or permanent injury. The subsequent Nuremberg Trials (1946–47) prosecuted physicians involved in these atrocities, leading to the formulation of the Nuremberg Code (1947) [5].
The Nuremberg Code established ten principles, most notably:
· Voluntary informed consent is essential.
· Research must yield fruitful results for society and avoid unnecessary suffering.
· Risks should never exceed the anticipated humanitarian benefits.
· Participants have the right to withdraw at any stage.
Though revolutionary, the Nuremberg Code was initially seen more as a legal judgment against Nazi crimes than a binding code for physicians worldwide. For decades, it had limited influence on everyday clinical practice [6].

Declaration of Helsinki: Medical Self-Regulation

Recognizing the need for a physician-led ethical framework, the World Medical Association (WMA) adopted the Declaration of Helsinki in 1964. Unlike the Nuremberg Code, which was legalistic, the Declaration was aspirational and directed at medical professionals. It placed emphasis on:
· Independent ethical review of protocols.
· Prioritization of participant well-being over scientific or societal interests.
· Special protections for vulnerable populations.
· Requirement for scientifically valid study design.
Revisions over the years have reflected evolving ethical dilemmas. The 2013 Fortaleza revision emphasized transparency through mandatory trial registration and result publication [7]. The Helsinki Declaration continues to serve as a cornerstone of modern GCP, cited in most regulatory guidelines, though not universally adopted in its entirety (the FDA, for example, aligns more closely with ICH-GCP than Helsinki on placebo use) [8].

Scandals and Tragedies Shaping Modern Regulation

Beyond wartime atrocities, peacetime scandals also catalyzed reform.
· Thalidomide Tragedy (1957–61): Marketed as a safe treatment for morning sickness, thalidomide caused severe birth defects in more than 10,000 infants worldwide. This led to the Kefauver–Harris Amendments (1962) in the U.S., mandating demonstration of efficacy and safety before drug approval and requiring informed consent for trial participation [9].
· Tuskegee Syphilis Study (1932–72): In this infamous U.S. study, African American men with syphilis were misled and denied treatment even after penicillin became available. Its revelation in 1972 sparked outrage and resulted in the Belmont Report (1979), which articulated the principles of respect for persons, beneficence, and justice [10].
· Willowbrook Hepatitis Studies (1956–70): Children with intellectual disabilities at Willowbrook State School in New York were deliberately infected with hepatitis to study disease progression. Researchers justified this by arguing the children were already at risk of infection, but the absence of meaningful consent rendered it unethical [11].
· Cancer Cell Injection at Jewish Chronic Disease Hospital (1963): Elderly patients were injected with live cancer cells without informed consent. The study, though intended to test immune rejection, highlighted the routine bypassing of consent in mid-20th century research [12].
These scandals demonstrated that unethical research was not confined to dictatorships but occurred widely in democratic societies as well.

The Belmont Report and the Common Rule

The Belmont Report (1979) was a watershed in U.S. bioethics, establishing three guiding principles:
· Respect for persons: recognition of autonomy and protection of those with diminished autonomy.
· Beneficence: obligation to maximize benefits and minimize harm.
· Justice: fair distribution of research burdens and benefits.
These principles informed the Common Rule (1991), a federal policy unifying ethical standards across U.S. agencies, mandating IRB review, informed consent, and additional safeguards for vulnerable groups [13]. The Belmont principles continue to underpin global ethical discourse, influencing GCP and international guidelines.




Emergence of International Harmonisation: ICH-GCP

By the 1980s and 1990s, the globalization of the pharmaceutical industry exposed inefficiencies. A clinical trial conducted in one country often required duplication elsewhere due to differing national requirements. To resolve this, the International Conference on Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) was established in 1990.
In 1996, the ICH issued the E6 Good Clinical Practice (GCP) guideline, consolidating ethical principles, trial design, monitoring, and data standards [1]. This became the foundation of modern clinical research regulation.
The E6(R2) revision in 2016 introduced risk-based monitoring, greater sponsor accountability, and recognition of electronic records [1]. The ongoing E6(R3) renovation seeks to incorporate digital technologies, decentralized trials, and patient-centric approaches, ensuring GCP remains fit for 21st-century research [14].
Ethical Foundations of Clinical Trials
Ethical principles form the bedrock of Good Clinical Practice (GCP). Regulations, monitoring systems, and trial designs provide structure, but ethics gives research its legitimacy. The essence of clinical trials is not just about discovering new therapies, but about doing so in a way that respects human dignity, protects participants from harm, and distributes risks and benefits fairly. Without a firm ethical foundation, research risks sliding into exploitation or losing public trust.
The evolution of clinical research ethics has been shaped by philosophical debates, historic scandals, and international consensus-building. What we now recognize as modern GCP integrates these ethical lessons into enforceable standards that regulate every stage of clinical research.
Philosophical Foundations of Research Ethics
Research ethics draws upon broad traditions in moral philosophy. Two major schools have shaped its application:
· Deontological (duty-based) ethics: Rooted in Kantian philosophy, it emphasizes that individuals must never be treated merely as means to an end. In clinical trials, this translates to absolute respect for autonomy and informed consent, regardless of potential societal benefit [15].
· Utilitarian (consequence-based) ethics: Championed by Bentham and Mill, this framework justifies actions based on maximizing benefits for the greatest number. In research, this perspective often drives risk–benefit justifications, where potential harms to participants are weighed against possible therapeutic breakthroughs for society [16].
Tension between these frameworks remains visible in trial design debates. For example, whether it is ethical to use a placebo when effective therapy exists remains contested — deontological approaches stress duty to the individual, while utilitarians argue for the broader societal knowledge gained.

Core Bioethical Principles

Modern clinical research is anchored in four widely accepted principles, crystallized by the Belmont Report (1979):
1. Respect for persons (Autonomy): Ensuring voluntary, informed, and comprehensible participation.
2. Beneficence: Maximizing benefits of research while minimizing risks.
3. Non-maleficence: “Do no harm,” ensuring that no participant is knowingly exposed to unnecessary risk.
4. Justice: Fair distribution of the burdens and benefits of research across all social groups [17].
These principles, though universal in formulation, require contextual application. For instance, justice in global trials often translates into ensuring equitable participation of low- and middle-income countries (LMICs) and fair post-trial access to new interventions.

Informed Consent: The Cornerstone of Ethical Research

Informed consent is the most direct expression of autonomy in clinical research. It requires that participants:
· Are provided with adequate information about purpose, procedures, risks, benefits, and alternatives.
· Have the ability to comprehend this information.
· Make a voluntary decision, free from coercion or undue influence [18].

Practical Challenges
· Comprehension gaps: Studies in LMICs reveal that complex consent documents often fail to communicate effectively, particularly in low-literacy settings. Innovative methods such as videos, pictorial forms, and interactive discussions are increasingly being used [19].
· Therapeutic misconception: Many participants believe enrolling in a trial guarantees therapeutic benefit, when in fact the primary goal is knowledge generation [20]. This misconception undermines the voluntariness of consent.
· Cultural influences: In collectivist societies, family or community leaders may play decisive roles in consent. While respecting cultural norms is important, the individual’s right to self-determination must remain central [21].
For vulnerable groups such as children or cognitively impaired adults, proxy consent is allowed, but assent from capable minors and independent oversight are strongly recommended to avoid exploitation [22].

Ethics Committees and Institutional Review Boards

Independent ethics committees (ECs) or institutional review boards (IRBs) serve as custodians of ethical standards. Their mandate includes:
· Reviewing scientific validity of trial design (to avoid exposing participants to unjustified risks).
· Ensuring fair recruitment and consent procedures.
· Monitoring ongoing trials and adverse events.
· Protecting vulnerable populations [23].
In India, the New Drugs and Clinical Trials Rules (2019) strengthened ethics committee oversight by requiring formal registration with the Central Licensing Authority, aligning national practice with international standards [24].
However, challenges persist:
· Inconsistencies in ethical review across different committees.
· Resource limitations in LMICs, where committees may lack expertise to evaluate complex multinational protocols.
· Over-regulation delays, where excessively cautious reviews can slow down urgently needed trials, such as during pandemics [25].
These gaps highlight the need for capacity building and international harmonisation of ethical review standards.

Ethical Controversies in Modern Clinical Research

Despite regulatory progress, dilemmas continue to challenge the application of ethical principles:
Use of Placebo Controls
The Declaration of Helsinki (2013) restricts placebo use to situations where no proven intervention exists or when compelling methodological reasons justify it, with safeguards to avoid serious harm. In contrast, FDA regulations and ICH-GCP permit placebo-controlled trials even when effective treatments exist, provided risks are minimized and participants provide informed consent. This divergence highlights a persistent ethical debate between prioritizing individual welfare (Helsinki) versus generating scientifically definitive data (FDA/ICH). [7,26]

Research in Vulnerable Populations
Children, prisoners, economically disadvantaged individuals, and cognitively impaired adults are considered vulnerable. Ethical guidelines require additional safeguards, but controversies persist around whether these groups are under- or over-represented in research [22].

Globalization of Trials
Multinational trials in LMICs raise concerns of “ethics dumping”, where studies are conducted in regions with weaker oversight or regulatory enforcement. While globalization offers opportunities for inclusion and capacity building, it also risks exploitation if benefits of research are not equitably shared [27].

Emergency Research
The Ebola and COVID-19 pandemics highlighted the tension between speed and rigor. Accelerated vaccine trials raised questions about whether informed consent and long-term safety monitoring could be maintained without compromise [28]. The WHO’s rapid ethics guidance during these crises reflects the growing need for flexible but robust ethical frameworks.

Integration of Ethics into GCP
Ethical principles are embedded into GCP requirements:
· Protocol design must ensure scientific validity, honoring beneficence and non-maleficence.
· Independent review operationalizes justice and transparency.
· Monitoring and auditing ensure participant protection throughout the trial.
· Documentation and reporting reflect respect for participants and the social contract of science [1].
Recent reforms, including ICH-GCP E6(R3), emphasize patient-centricity, encouraging the integration of participant voices into trial design and decision-making. This reflects a broader shift from viewing individuals as “subjects” to recognizing them as “partners” in research. These principles translate into operational controls: respect for persons is operationalized through detailed informed consent processes and participant information sheets; beneficence through risk assessment and Data Safety Monitoring Boards; non-maleficence through adverse event monitoring and stopping rules; and justice through fair site selection and recruitment practices that ensure equitable participation [29].

Global Regulatory Frameworks and Supervisory Agencies
Clinical research today is an inherently global enterprise. Multinational pharmaceutical companies conduct trials across continents, often enrolling thousands of participants in diverse cultural and regulatory settings. This globalization has created unprecedented opportunities for collaboration but has also amplified the need for strong regulatory oversight. Without coherent and harmonised frameworks, clinical research risks inconsistency, exploitation, and data unreliability.
Good Clinical Practice (GCP) guidelines, though globally recognized, must be interpreted and implemented within national legal and regulatory systems. Agencies such as the U.S. Food and Drug Administration (FDA), the European Medicines Agency (EMA), the Central Drugs Standard Control Organization (CDSCO, India), and the World Health Organization (WHO) play pivotal roles in ensuring that ethical and scientific standards are met. This section explores the structure, strengths, and challenges of these supervisory frameworks.


The U.S. Food and Drug Administration (FDA)
The FDA is one of the most influential regulatory authorities globally, setting standards often adopted beyond U.S. borders.
Legal Basis and Scope
· Governed primarily by Title 21 of the Code of Federal Regulations (CFR), the FDA oversees all stages of drug and device development.
· Part 50 (Protection of Human Subjects), Part 56 (Institutional Review Boards), and Part 312 (Investigational New Drug Applications) form the regulatory backbone of clinical trials in the U.S. 
· Beyond drugs, the FDA also regulates clinical investigations of medical devices under 21 CFR Parts 812 and 814. Device trials must often demonstrate safety and effectiveness through Investigational Device Exemptions (IDE). Compared with drug trials, device studies frequently involve smaller populations and adaptive designs, but still require IRB approval, informed consent, and compliance with GCP principles. This expands the scope of U.S. oversight to both pharmaceutical and device innovation. [30].
Key Features
1. IND Requirement: Before initiating trials, sponsors must submit an Investigational New Drug (IND) application, including preclinical data, protocols, and investigator qualifications.
2. IRB Oversight: Institutional Review Boards must approve all protocols, ensuring ethical standards are upheld.
3. Inspections and Enforcement: FDA conducts inspections to verify compliance. Violations can result in warning letters, trial suspensions, or rejection of data in marketing applications.
Criticisms and Challenges
· The FDA has been criticized for its lengthy approval processes, sometimes slowing innovation [31].
· In contrast, critics also argue that recent expedited pathways (e.g., Emergency Use Authorizations during COVID-19) may risk compromising long-term safety [32].
· The FDA’s reliance on sponsor-generated data raises concerns about transparency and conflicts of interest.

The European Medicines Agency (EMA)
The EMA coordinates drug evaluation across the European Union, balancing scientific rigor with the need for harmonisation among member states.
Framework
· The EU Clinical Trials Directive (2001/20/EC) initially sought to standardize trial regulation but was criticized for bureaucratic complexity.
· The EU Clinical Trials Regulation (536/2014), implemented in 2022, operationalizes harmonisation through a centralized EU portal, single decision-making process, and mandatory result disclosure. Operationally, this reduces duplication across member states, accelerates approvals, and enforces transparency. However, it requires sponsors to adapt to uniform timelines, electronic submission standards, and proactive public reporting, reshaping the compliance environment for EU-based and multinational trials [33].
Key Features
1. Centralised Review: Sponsors submit one application valid across the EU, improving efficiency.
2. Transparency: All trial applications and results must be publicly accessible in the EU database.
3. Ethics Committees: Member states still retain responsibility for ethical review, ensuring cultural and national sensitivities are respected.
Strengths and Limitations
· The EMA has been praised for promoting open access to data, increasing public trust [34].
· However, implementation across diverse member states remains uneven, with national regulations sometimes complicating harmonisation.
· Brexit has added further challenges, with the UK’s Medicines and Healthcare products Regulatory Agency (MHRA) now operating independently.

India: Central Drugs Standard Control Organization (CDSCO)
India has emerged as a major hub for clinical research due to its large patient pool and cost advantages. However, concerns over ethical lapses and inconsistent oversight have shaped its regulatory evolution.
Regulatory Evolution
· In the early 2000s, India saw rapid growth in clinical trials, but also controversies over unethical practices and inadequate consent procedures [35].
· The 2013 Supreme Court ruling in the Swasthya Adhikar Manch case criticized weak protections for participants and demanded stricter safeguards [36].
· In response, the New Drugs and Clinical Trials Rules (2019) were enacted, strengthening requirements for ethics committee registration, compensation for trial-related injury, and timelines for approvals [24].
Key Features
1. Mandatory Registration: Trials must be registered in the Clinical Trials Registry of India (CTRI) before initiation.
2. Compensation Rules: Clear guidelines mandate compensation for injury or death directly linked to trial participation.
3. Ethics Oversight: Ethics committees must register with CDSCO and undergo periodic audits.
Strengths and Limitations
· These reforms have improved India’s international credibility, but enforcement capacity remains limited.
· Ethics committees often lack the expertise to review complex protocols.
· Despite reforms, participants in rural and low-literacy settings remain vulnerable to coercion or inadequate comprehension of consent forms [37].

World Health Organization (WHO) and CIOMS
The WHO plays a global standard-setting role, particularly for LMICs that lack robust national regulatory structures.
Guidelines
· The WHO Handbook for Good Clinical Research Practice (2002) provides a framework aligned with ICH-GCP but adapted for resource-constrained settings [38].
· The Council for International Organizations of Medical Sciences (CIOMS), in collaboration with WHO, publishes widely respected ethical guidelines that expand on the Helsinki Declaration, particularly addressing challenges in LMICs [39].
Role in Capacity Building
· WHO supports training programs, regulatory strengthening, and harmonisation across regions such as Africa (AVAREF – African Vaccine Regulatory Forum).
· During emergencies (e.g., Ebola, COVID-19), WHO issued rapid ethics and trial guidance to support countries with limited infrastructure [28].




Harmonisation Efforts: ICH and Beyond
The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for Human Use (ICH) remains the primary body promoting regulatory harmonisation. Its E6 guideline on GCP is recognized by the FDA, EMA, PMDA (Japan), and many others [1].
However, harmonisation faces obstacles:
· Legal diversity: Countries interpret GCP differently, creating inconsistencies.
· Capacity gaps: LMICs may adopt ICH standards in name but lack resources for full implementation [40].
· Cultural differences: Ethical interpretations (e.g., placebo use, proxy consent) vary across regions.
Other initiatives, such as the International Clinical Trials Registry Platform (ICTRP) by WHO, further aim to improve global transparency and avoid duplication of research [41].
Enforcement and Compliance Challenges
Even with robust frameworks, compliance remains uneven.
· Data Integrity Issues: FDA inspections frequently uncover deficiencies in record keeping, consent documentation, and protocol deviations [42].
· Publication Bias: Despite mandates, many trial results remain unpublished, undermining transparency [34].
· Cross-border Enforcement: Trials conducted in LMICs for drugs intended for high-income markets raise questions about accountability when misconduct occurs outside the jurisdiction of sponsoring agencies.

Implementation of GCP in Practice: Monitoring, Data Integrity, and Quality Assurance
If the ethical principles and regulatory frameworks of Good Clinical Practice (GCP) represent the theory of clinical research conduct, then implementation reflects its practice. A clinical trial is only as credible as the systems that monitor it, the quality of data it produces, and the protection it affords to participants throughout its course. Implementation is often where the greatest challenges arise: logistical constraints, human error, financial pressures, and cultural differences can compromise compliance.
This section explores how GCP is implemented in day-to-day research operations, with a focus on monitoring practices, data integrity (including ALCOA+ principles), risk-based approaches, quality assurance mechanisms, and the challenges of applying these standards in resource-constrained settings.

Clinical Trial Monitoring
Monitoring is the process of verifying that:
· The rights and well-being of participants are protected.
· Data are accurate, complete, and verifiable from source documents.
· The conduct of the trial complies with the protocol, GCP, and applicable regulations [43].
Traditional Monitoring Models
Historically, 100% source data verification (SDV) was the gold standard, involving on-site visits to compare case report forms with source documents. While thorough, this model is expensive, time-intensive, and inefficient for large multicenter trials [44].
Risk-Based Monitoring (RBM)
ICH-GCP E6(R2) introduced risk-based monitoring, shifting the focus from exhaustive SDV to targeted approaches:
· Centralized monitoring uses statistical algorithms to identify data anomalies or protocol deviations.
· Trigger-based visits are scheduled when issues are detected, rather than at fixed intervals.
· Key risk indicators (e.g., high screen failure rates, inconsistent reporting of adverse events) guide monitoring priorities [45].
Evidence shows RBM can reduce costs while maintaining or improving data quality [46]. However, it requires strong electronic data capture systems and trained staff, which may not be available in all settings.

Data Integrity: ALCOA+ Principles
Data integrity lies at the heart of GCP. Poor-quality data undermine not only the trial itself but also the trust of regulators and the public. The ALCOA+ principles, originally articulated by the FDA, define the characteristics of reliable data [47]:
· Attributable – who performed the action is documented.
· Legible – records are clear and permanent.
· Contemporaneous – data recorded at the time of the event.
· Original – data are the first capture, not transcribed later.
· Accurate – data are free from errors or manipulation.
The “+” adds elements such as:
· Complete – all data, including repeated tests and errors, are included.
· Consistent – time stamps and sequences follow logical order.
· Enduring – records are preserved long-term.
· Available – data are accessible for review and audit.

Regulatory inspections frequently uncover failures to meet ALCOA+ standards, such as backdating entries, overwriting without audit trails, or using unsecured spreadsheets [48]. These lapses can render trial data inadmissible for regulatory submission.

Electronic Systems and Digital Transformation
With most modern trials now using electronic data capture (EDC) systems, the principles of ALCOA+ must be applied to digital environments.
· Audit trails: Electronic systems must record every entry, modification, and deletion.
· Access controls: User authentication ensures data are attributable.
· Data migration: Transfers between systems must preserve accuracy and integrity.
Decentralized clinical trials (DCTs), which expanded rapidly during the COVID-19 pandemic, introduce additional challenges. Remote monitoring, electronic consent (eConsent), and wearable devices generate massive volumes of real-time data [49]. Ensuring the integrity of these data streams requires not only technology but also regulatory adaptation.

Quality Assurance and Quality Control

Quality assurance (QA) is the proactive establishment of processes to prevent errors, while quality control (QC) detects and corrects errors after they occur. Increasingly, sponsors adopt Quality by Design (QbD), integrating quality principles into trial design from the outset.
Key features include:
· Identifying critical data and critical processes that influence participant safety and reliability of outcomes.
· Designing monitoring and management plans tailored to these critical factors.
· Building quality metrics into trial protocols [50].


Audits and Inspections
· Audits (by sponsors) and inspections (by regulators) serve as retrospective quality checks.
· FDA, EMA, and CDSCO inspections commonly target consent documentation, reporting of serious adverse events, and adherence to protocol [42].
· Findings are classified as “critical,” “major,” or “minor,” with critical findings potentially disqualifying trial sites from contributing data.

Capacity Building in Resource-Constrained Settings
Implementing GCP in low- and middle-income countries (LMICs) presents unique difficulties:
· Infrastructure gaps: Limited availability of secure data systems, laboratories, and trained monitors.
· Ethics committee limitations: Many committees lack the expertise or resources to provide robust oversight [25].
· Cultural and linguistic barriers: Consent processes may require translation and adaptation to local norms.
Despite these challenges, LMICs are increasingly central to global trials, particularly for infectious diseases and neglected conditions. Initiatives such as WHO’s African Vaccine Regulatory Forum (AVAREF) and regional training programs aim to strengthen capacity.
Beyond India, Africa’s AVAREF initiative provides a model for regional regulatory strengthening, enabling joint reviews and capacity building across multiple countries. In Latin America, Brazil’s ANVISA has advanced clinical trial oversight by mandating electronic submission, ethics review harmonization, and transparency in trial registries. Concrete steps for LMIC capacity building include: (i) harmonizing regional ethics committee standards, (ii) training programs for regulators and investigators in digital trial oversight, and (iii) investment in secure electronic data systems adaptable to resource-constrained environments [39].

Case Examples of Implementation Challenges

Example 1: Informed Consent Failures
A 2013 CDSCO inspection in India found trial participants had signed consent forms they could not read, reflecting coercion and poor comprehension [36]. This led to mandatory audiovisual recording of consent for vulnerable groups under the 2019 rules [24].

Example 2: Data Fabrication
The FDA has repeatedly cited trial sites for fabricating data, including falsifying participant enrollment or altering lab results [42]. Such violations underscore the need for strong monitoring and audit trails.

Example 3: Pandemic-Era Trials
During COVID-19, expedited trials highlighted the difficulty of balancing speed with integrity. Remote monitoring tools enabled continuity but exposed disparities in digital readiness between countries and trial sites [32,49].

The Human Factor in GCP Implementation
While systems and technology are vital, human behavior ultimately determines compliance.
· Training and culture: Regular GCP training is essential but often treated as a box-ticking exercise. Embedding a culture of integrity and participant-centeredness is more effective.
· Investigator accountability: The principal investigator bears ultimate responsibility for compliance, regardless of delegation.
· Sponsor responsibility: Sponsors must support sites with adequate resources and avoid creating perverse incentives that encourage data manipulation.


Future Directions and Emerging Trends in Good Clinical Practice
Good Clinical Practice (GCP) has evolved through decades of ethical reflection, regulatory development, and practical lessons. Yet, the pace of scientific and technological change now demands further transformation. Clinical research is moving into an era defined by digital innovation, globalization, patient-centricity, and sustainability, all of which require GCP to remain dynamic. This section explores emerging trends and challenges likely to shape the future of clinical trials and the continued evolution of GCP.

Digitalisation and Artificial Intelligence

Decentralized Clinical Trials (DCTs)
The COVID-19 pandemic accelerated adoption of decentralized clinical trials, which reduce dependence on physical trial sites by using telemedicine, eConsent, home delivery of investigational products, and wearable devices for remote monitoring [51]. DCTs promise increased accessibility and patient convenience but pose challenges for GCP compliance:
· Ensuring informed consent remains meaningful when delivered electronically.
· Maintaining data integrity when streams come from wearables, apps, or patient-reported outcomes.
· Ensuring equity, as digital trials may exclude participants without reliable internet access.

Artificial Intelligence (AI) in Trials
AI tools are increasingly used for patient recruitment, predictive analytics, and adverse event detection [52]. While these tools improve efficiency, they raise new GCP-related questions:
· How transparent must AI algorithms be?
· Who bears accountability if an AI-driven recruitment process introduces bias?
· Can patients provide truly informed consent if trial decisions are partly based on opaque algorithms?
Regulatory bodies are beginning to issue draft frameworks for AI in medicine, but integration into GCP remains nascent [53]. Recent scholarship on generative-AI research in healthcare has proposed generic design and reporting checklists that emphasize transparency, bias mitigation, data provenance, and reproducibility principles that can be adapted within GCP to guide AI-enabled recruitment, monitoring, and analysis in clinical trials [54]


Patient-Centric Approaches
Historically, participants were viewed as “subjects.” Today, there is a growing recognition that patients are partners in the research process. ICH-GCP’s ongoing E6(R3) revision explicitly calls for participant engagement in trial design [29].
· Co-creation of protocols: Patients increasingly contribute to defining relevant endpoints, acceptable burdens, and meaningful outcomes [55].
· Return of results: Ethical practice now emphasizes returning aggregate and, where feasible, individual results to participants. This fosters trust and reduces the perception of exploitation [56].
· Compensation and access: Post-trial access to effective interventions remains a contentious issue, especially in LMICs where many trials are conducted [57].
A patient-centric paradigm requires not just regulatory adjustments, but cultural change within research institutions and sponsor companies.

Global Equity and Representation
Globalization of clinical research has created opportunities to diversify participant pools, but inequities persist.
· Underrepresentation: Minority populations remain underrepresented in trials, even when disproportionately affected by diseases (e.g., African Americans in oncology trials, women in cardiovascular studies) [58].
· Ethics dumping: Trials in LMICs sometimes focus on diseases not endemic locally, with limited benefit to host communities [27].
· Capacity building: The future of GCP must integrate capacity strengthening for ethics committees, trial infrastructure, and data systems in LMICs [59].
Global harmonisation efforts, such as WHO’s International Clinical Trials Registry Platform and CIOMS guidance, must continue to ensure that GCP reflects not only high-income contexts but also global realities.

Transparency, Open Science, and Data Sharing
Transparency in clinical research is increasingly seen as a moral and scientific imperative.
· Trial registration and results reporting are now mandatory in most jurisdictions, yet compliance remains incomplete [34].
· Data sharing initiatives allow secondary analysis and replication, enhancing trust. However, they raise privacy concerns and require robust anonymisation practices [60].
· Open access publishing ensures trial findings reach practitioners and patients more rapidly, reducing the risk of publication bias.
The future of GCP will likely include stronger enforcement of transparency obligations and alignment with the open science movement.

Climate Change and Sustainable Research
Clinical trials, like all sectors, face pressures to reduce their environmental footprint. The traditional model of site-centric trials entails travel, paper use, and energy-intensive data systems. Emerging priorities include:
· Green trials: Designing protocols that minimize resource consumption.
· Digitalisation: Paperless trials and remote monitoring reduce carbon output.
· Sustainability metrics: Regulators may in future require environmental impact assessments alongside scientific protocols [61].
Integrating sustainability into GCP is still an emerging idea, but one that aligns with global commitments to sustainable development.

Ethical Challenges Ahead
While GCP frameworks remain robust, new dilemmas loom:
· Genomic research: How should informed consent adapt to the use of genetic data with uncertain future implications? [62]
· Big data integration: Merging clinical trial data with real-world data sources raises privacy and data governance questions.
· Dual-use risks: Some biomedical advances (e.g., gene editing, AI models) carry risks of misuse, requiring ethical foresight.
· Post-pandemic models: The speed of COVID-19 vaccine development was unprecedented; the challenge now is balancing accelerated pathways with thorough ethical review [63].

Review Limitation
This review is based on published literature and may not fully capture ongoing or unpublished clinical trials. As a secondary synthesis, its conclusions are constrained by the quality and scope of original studies. Geographical representation is uneven, with more extensive data available from high-income countries compared to low- and middle-income settings. Finally, the rapid evolution of digital and AI-enabled clinical research means that regulatory developments discussed here may quickly change.

Conclusion 
Good Clinical Practice (GCP) has emerged as the universal gold standard in clinical research, integrating ethical principles, regulatory frameworks, and operational safeguards. This review traced its historical evolution, ethical foundations, regulatory diversity, practical implementation, and future directions.
Several key insights emerge:
1. GCP arose from historical abuses and continues to anchor research in respect, beneficence, non-maleficence, and justice.
2. Regulatory agencies such as the FDA, EMA, CDSCO, and WHO provide oversight, but global harmonisation remains uneven.
3. Implementation challenges—monitoring, data integrity, and capacity building reveal that compliance requires more than rules: it requires culture, training, and infrastructure.
4. The future will demand adaptations to digitalization, AI, patient partnership, transparency, and sustainability, while safeguarding vulnerable populations and equitable access.
Ultimately, GCP is not static. It is a living framework, continuously tested by new ethical dilemmas and technological possibilities. Its endurance lies in its capacity to evolve without abandoning its central purpose: to protect human dignity and ensure that the science we trust is science we can believe in.
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