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Executive Summary

This report provides an in-depth analysis and glossary of key clinical research acronyms — GCP, ICH, IRB, EDC, and
eTMF — covering their history, definitions, roles, current practices, and future trends in clinical trials. Good Clinical
Practice (GCP) is an international ethical and scientific quality standard for designing and conducting trials to protect
human subjects’ rights and ensure data integrity (ema.europa.eu) (www.ema.europa.eu). The International Council for
Harmonisation (ICH) is the global body that issues harmonized guidelines (including GCP, E6) to streamline drug
development among the US, EU, Japan, and others ("' pharmupdates.wordpress.com) (? ich.org). Institutional Review
Boards (IRBs) — also known as Independent Ethics Committees (IECs) — are independent committees that review
research protocols to safeguard participants’ rights and welfare in line with GCP requirements (°! ich.org) (1*!
pme.nchi.nim.nih.gov). Electronic Data Capture (EDC) systems have transformed data collection in trials by replacing bulky
paper Case Report Forms with electronic records, improving efficiency and data quality (°! prc.ncbi.nlm.nih.gov) (%)
pmec.nchi.nim.nih.gov). The Electronic Trial Master File (eTMF) is the digital repository for all trial documents, replacing
traditional paper archiving to enable better management, remote access, and regulatory readiness (ema.europa.eu) (/!

www.globenewswire.com).

The report is organized as follows: The Introduction outlines the historical context of clinical research regulation and the
emergence of these acronyms. Subsequent sections decode each acronym in detail: GCP (Good Clinical Practice),
including its origins (Nuremberg Code, Declaration of Helsinki) and principles (ema.europa.eu) (1°
www.issuesinmedicalethics.org); ICH (International Council for Harmonisation), detailing its creation (1990) and
guideline scope (! pharmupdates.wordpress.com) (? ich.org); IRB (Institutional Review Board), its role, responsibilities,
and regulatory basis (*°! ich.org) (?) pme.ncbi.nim.nin.gov); EDC (Electronic Data Capture), covering its definition, adoption
statistics, benefits (faster start-up, fewer errors) (°/ pmc.ncbi.nim.nin.gov) (*°) www.clinicalleader.com), and challenges
(system validation, compliance); and eTMF (Electronic Trial Master File), explaining its purpose, market growth, and

regulatory guidance (ema.europa.eu) (I’ www.globenewswire.com).

Data from surveys and market studies are integrated to support facts and trends. For example, one study estimated
~41% of Canadian trials used EDC in 2006—2007 (" pmc.nchi.nim.nih.gov), while a 2020 industry survey found 94% of
respondents preferred EDC over paper (*°) www.clinicalleader.com) (2 www.clinicalleader.com). The e TMF market was
valued at approximately USD 1.9 billion in 2025 and is projected to grow to over USD 3.5 billion by 2030 (/!
precedenceresearch.com) (' www.globenewswire.com), reflecting rapid digitization. Case examples include COVID-19—era
decentralized trials, which relied on digital approaches (EDC, remote monitoring) to continue studies under lockdown (**!
www.nebi.nlm.nih.gov), and industry reports noting Tier-1 pharma’s early adoption of eTMF to improve global trial efficiency
and compliance (ema.europa.eu).

The report concludes by discussing implications and future directions: the finalized R3 revision to ICH GCP (adopted
January 2025) emphasizing digital technology and streamlined processes (\*°! pubmed.nchi.nlm.nih.gov); the rise of
decentralized and hybrid trial models leveraging EDC and eTMF (! www.nchi.nlm.nih.gov); and emerging tools
(eConsent, Al-driven analytics) that will further integrate with GCP requirements. As clinical research continues to evolve
digitally, these acronyms represent the foundational elements of a compliant, ethical, and efficient trial ecosystem. All
statements are supported by extensive literature citations and data.

Introduction and Background

Clinical trials are the cornerstone of evidence-based medicine, providing scientific proof of the safety and efficacy of new
therapies. Over the decades, a web of ethical codes and regulatory standards has developed to ensure these trials
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protect participants and produce reliable data. Notable historical milestones include the Nuremberg Code (1947),
instituted after World War II's medical atrocities, and the Declaration of Helsinki (1964), which established fundamental
ethical principles for human research (' www.issuesinmedicalethics.org) (ema.europa.eu). The Belmont Report (1979)
further articulated principles of respect for persons, beneficence, and justice in U.S. research.In the 1960s-1970s,
tragedies like the Tuskegee syphilis study and the thalidomide birth defects crisis spurred a surge of new laws and
guidelines worldwide (1 vuww.issuesinmedicalethics.org). As one commentary notes, “the 1960s and 1970s saw a rapid
increase in laws, regulations and guidelines for reporting and evaluating the data on safety, quality and efficacy of new
medicinal products,” reflecting this policy awakening (1°/ vwww.issuesinmedicalethics.org).

By the late 20th century, international harmonization of clinical trial standards became imperative. In 1990, regulatory
authorities and industry from the U.S., Europe (EU), and Japan forged the International Conference on Harmonisation
(ICH) to align technical requirements across regions (! pharmupdates wordpress.com). The ICH's flagship guideline was
E6 Good Clinical Practice (GCP) (finalized 1996), which codified ethical principles and operational standards for trials
involving human subjects (i) ich.org) (ema.europa.eu). GCP became the universal benchmark: an “international ethical
and scientific quality standard” for designing, conducting, recording, and reporting trials to ensure participant protection
and data integrity (! ich.org) (ema.europa.eu). In 2015 the ICH transitioned from “Conference” to “Council” (still ICH) to
reflect a standing organization (! pharmupdates wordpress.com), but its mission endures: to produce harmonized
guidelines so sponsors can conduct trials globally under a single standard.

Within this regulatory framework, several key bodies and tools play distinct roles. IRBs (Institutional Review Boards),
or IECs (Independent Ethics Committees), are independent review committees that evaluate trial protocols to protect
human subjects. They are mandated by regulations (e.g. U.S. 21 CFR Part 56, EU Directive 2001/20/EC) and by ICH
GCP itself (! ich.org) (°) pme.nebi.nim.nih.gov). Each trial site’s IRB reviews the ethical aspects (consent forms,
risk/benefit, confidentiality) and must approve the protocol before the trial proceeds. IRB/IEC oversight, together with
sponsor monitoring and regulatory inspections, forms the multi-tiered system ensuring compliance with GCP principles

(™ pme.ncbi.nim.nih.gov) (¥ pmc.ncbi.nim.nih.gov).

Concurrently, the complexity of modern trials has driven a shift from paper to digital tools. EDC (Electronic Data
Capture) systems — software platforms for entering and storing trial data electronically — have largely replaced traditional
paper case report forms (CRFs) in major studies. These systems automate data entry, validation, querying, and reporting,
enabling real-time access by sponsors and monitors. Similarly, the eTMF (Electronic Trial Master File) is a digital
archive for all essential trial documents (protocols, consent forms, monitoring reports, correspondence, etc.), replacing
cumbersome paper binders. These digital systems must comply with GCP mandates for secure, retrievable, accurate
records, often under data regulations like FDA's 21 CFR Part 11 or the EU’s Annex 11 for computer systems.

This report “decodes” each of these acronyms — GCP, ICH, IRB, EDC, and eTMF — providing comprehensive definitions,
historical context, and analysis. It examines how each concept contributes to good clinical trial conduct, surveys current
trends (with data and case examples), and considers future directions. By elucidating these terms and their interplay, the
report serves as a detailed guide for researchers, regulators, and industry professionals engaged in clinical trials.

Good Clinical Practice (GCP)

Definition & Principles: Good Clinical Practice (GCP) is an international quality standard for clinical trials involving
human subjects. As ICH-E6 explains, GCP ensures studies are conducted scientifically and ethically, protecting
participants’ rights, safety, and well-being (ema.europa.eu) (www.ema.europa.eu). The core principles of GCP (ICH E6
Section 2) encompass alignment with the Declaration of Helsinki, risk—benefit assessment, prioritizing subject interests,
qualified investigators, informed consent, and data integrity (ema.europa.eu) (www.ema.europa.eu). Concretely, GCP
requires trials to be scientifically sound (clear protocols) and ethically reviewed by an IRB/IEC (ema.europa.eu). In
practice, this means trials must document that personnel are trained, informed consent is obtained, safety is monitored,
and data are accurate, complete, and protected (ema.europa.eu) (www.ema.europa.eu). For example, ICH explicitly
defines “source data” (original records needed to reconstruct a trial) as data that must be “accurate, legible,

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 3 of
reserved. 17


https://www.issuesinmedicalethics.org/articles/good-clinical-practice-gcp-an-alternative-unarticulated-narrative/?galley=print#:~:text=%281932,2
https://www.ema.europa.eu/en/ich-e6-good-clinical-practice-scientific-guideline#:~:text=,an%20investigational%20product%20should%20be
http://research.in/
https://www.issuesinmedicalethics.org/articles/good-clinical-practice-gcp-an-alternative-unarticulated-narrative/?galley=print#:~:text=%281932,2
https://www.issuesinmedicalethics.org/articles/good-clinical-practice-gcp-an-alternative-unarticulated-narrative/?galley=print#:~:text=%281932,2
https://pharmupdates.wordpress.com/2013/03/03/the-story-of-the-international-conference-on-harmonization/#:~:text=started%20to%20materialize%2C%20and%20in,voting%20observers%20%28%204%29%20%284
https://database.ich.org/sites/default/files/ICH_E6-R3_Step4_FinalGuideline_2025_0106.pdf#:~:text=%E2%80%A2%20E6%3A%20Good%20Clinical%20Practice,essential%20documents%20and%20investigator%20brochures
https://www.ema.europa.eu/en/ich-e6-good-clinical-practice-scientific-guideline#:~:text=,an%20investigational%20product%20should%20be
https://database.ich.org/sites/default/files/ICH_E6-R3_Step4_FinalGuideline_2025_0106.pdf#:~:text=%E2%80%A2%20E6%3A%20Good%20Clinical%20Practice,essential%20documents%20and%20investigator%20brochures
https://www.ema.europa.eu/en/ich-e6-good-clinical-practice-scientific-guideline#:~:text=,an%20investigational%20product%20should%20be
https://pharmupdates.wordpress.com/2013/03/03/the-story-of-the-international-conference-on-harmonization/#:~:text=started%20to%20materialize%2C%20and%20in,voting%20observers%20%28%204%29%20%284
https://database.ich.org/sites/default/files/ICH_E6-R3_Step4_FinalGuideline_2025_0106.pdf#:~:text=3
https://pmc.ncbi.nlm.nih.gov/articles/PMC9014527/#:~:text=The%20name%20%E2%80%9CInstitutional%20Review%20Board%E2%80%9D,multicenter%20research%29%20and
https://pmc.ncbi.nlm.nih.gov/articles/PMC9014527/#:~:text=The%20history%20of%20clinical%20research,subject%20protection%20systems%20will%20allow
https://pmc.ncbi.nlm.nih.gov/articles/PMC9014527/#:~:text=The%20name%20%E2%80%9CInstitutional%20Review%20Board%E2%80%9D,multicenter%20research%29%20and
https://www.ema.europa.eu/en/ich-e6-good-clinical-practice-scientific-guideline#:~:text=,an%20investigational%20product%20should%20be
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/compliance-research-development/good-clinical-practice/qa-good-clinical-practice-gcp#:~:text=Source%20data%20is%20defined%20in,original%2C%20attributable%2C%20complete%20and%20consistent
https://www.ema.europa.eu/en/ich-e6-good-clinical-practice-scientific-guideline#:~:text=,an%20investigational%20product%20should%20be
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/compliance-research-development/good-clinical-practice/qa-good-clinical-practice-gcp#:~:text=Source%20data%20is%20defined%20in,original%2C%20attributable%2C%20complete%20and%20consistent
https://www.ema.europa.eu/en/ich-e6-good-clinical-practice-scientific-guideline#:~:text=,an%20investigational%20product%20should%20be
https://www.ema.europa.eu/en/ich-e6-good-clinical-practice-scientific-guideline#:~:text=,an%20investigational%20product%20should%20be
https://www.ema.europa.eu/en/human-regulatory-overview/research-development/compliance-research-development/good-clinical-practice/qa-good-clinical-practice-gcp#:~:text=Source%20data%20is%20defined%20in,original%2C%20attributable%2C%20complete%20and%20consistent
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=clinical-trial-acronyms-a-guide-to-gcp-ich-irb-edc.pdf
https://intuitionlabs.ai/articles/clinical-trial-acronyms-guide?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=clinical-trial-acronyms-a-guide-to-gcp-ich-irb-edc.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=clinical-trial-acronyms-a-guide-to-gcp-ich-irb-edc.pdf

I incuitiontabs  intuitionLabs - Al Software for Pharma & Biotech Clinical Trial Acronyms: A Guide to GCP, ICH, IRB & EDC

contemporaneous, original and attributable” (www.ema.europa.eu) — often abbreviated as ALCOA (Attributable,
Legible, Contemporaneous, Original, Accurate).

Historical Context: The roots of GCP trace back to mid-20th century ethics documents. Informed by the Nuremberg
Code (1947) and Declaration of Helsinki (1964), GCP emerged to harmonize disparate national regulations. The U.S. first
codified human-subject protections with the Belmont Report (1979) and federal regulations (21 CFR 50/56 DSS).
Similarly, the EU unified clinical trial directives in the 1990s. A 2021 historical review notes that post-Thalidomide (1960s)
and the Tuskegee revelations, countries worldwide enacted stringent trial laws (°! www.issuesinmedicalethics.org)
(ema.europa.eu). GCP consolidated these lessons: it built on the WHQO'’s 1975 Technical Report on GCP (for drug trials)
and on principles already in place (IRBs, informed consent). Thus, the ICH E6 guideline (1996, Step 4 finalized 1997)
codified GCP globally. Its widespread adoption gave assurance that a study conducted under ICH-E6 (R1) was credible
across ICH member regions.

Key Requirements: ICH GCP outlines responsibilities for sponsors, investigators, monitors, and IRBs. Sponsors must
maintain quality systems, ensure adequate resources and monitoring, and submit accurate reports. Investigators must
follow the approved protocol, obtain informed consent, and maintain accurate source records. GCP mandates essential
documents throughout a trial (the Trial Master File) and requires audits and regulatory inspections as needed. A central
theme is documentation: “All clinical trial information should be recorded, handled, and stored in a way that allows its
accurate reporting, interpretation and verification.” (ema.europa.eu). Confidentiality is also emphasized,; trial records
identifying participants must be protected (ema.europa.eu). GCP ties together scientific integrity and ethics: patient
welfare (principle 2.3) “prevails over the interests of science and society” (ema.europa.eu).

Evolution & Implementation: GCP is not a static rulebook but has evolved. In 2016, ICH released E6(R2), an
addendum that modernized GCP. Notable updates in R2 included support for electronic records (mobile health data),
risk-based monitoring, clarifications on informed consent, and explicit definition of source data/alldata (% ich.org)
(www.ema.europa.eu). For example, E6(R2) encouraged more efficient approaches, reflecting technological advances,
but still anchored in human subject protections (! ich.org). Today, regulators worldwide expect compliance with ICH GCP
or equivalent; non-ICH countries often adopt ICH guidelines or WHO'’s GCP (adapted to local law).

Multiple stakeholders oversee GCP compliance. Sponsors and CROs implement Quality Management Systems (with
SOPs, training, audits) aligned to GCP. Investigators working in hospitals or clinics must comply through IRB approvals
and site qualifications. IRBs (discussed below) are a core GCP element: they approve any clinical trial protocol and
consent forms to ensure ethical conduct () pmc.nebi.nim.nih.gov) (°) pme.nchi.nim.nih.gov). Regulatory agencies (FDA,
EMA, PMDA, etc.) inspect trial sites and sponsor facilities, auditing the TMF and inquiring about deviations. Violations of
GCP can lead to trial holds, data rejection, or legal sanctions (fines, prosecution).

Evidence and Analysis: Surveys indicate that awareness of GCP principles is high but complete adherence can be
challenging. A 2025 review (Perspectives in Clinical Research) notes that ICH E6(R3) (finalized January 2025)
emphasizes digital and decentralized trials, which will change responsibilities, e.g. ethics committees will have new roles
in overseeing remote consent and monitoring (*°/ pubmed.nchi.nim.nih.gov). Case reports have shown that strict GCP
enforcement (through audits) has uncovered issues: e.g. missing consent forms, unreported adverse events, or
incomplete source records. As a result, sponsors increasingly use integrated systems (EDC, eTMF) to ensure GCP
storage and audit trails. Overall, GCP remains the bedrock of trial quality, and all clinical staff must continually be trained

on its requirements (ema.europa.eu) (“/ pme.nchi.nim.nih.gov).

Challenges and Future Directions: Implementation of GCP can be burdensome, especially in smaller or academic
settings. Critics point to occasional over-formalization (e.g. very long consent forms) that can hinder recruitment. The
finalized ICH E6(R3) (January 2025) simplifies and digitizes GCP, making it more principles-based and resilient for novel
trial designs ("*°! pubmed.nchi.nim.nih.gov). Emphasis on quality management and flexibility (rather than checklists) may
reduce redundant procedures. Importantly, GCP principles now explicitly apply to decentralized and digital trials. For
example, “electronic informed consent” must still meet GCP’s intent. As trials become global and virtual, ensuring GCP
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compliance across regions and platforms is the key future concern. Notwithstanding these challenges, adherence to GCP
ensures trials can support regulatory approval and public trust.

International Council for Harmonisation (ICH)

Scope and History: The International Council for Harmonisation of Technical Requirements for Pharmaceuticals for
Human Use (ICH) is the global body that coordinates harmonization of drug-regulatory guidelines across major markets.
Originally named the International Conference on Harmonisation, it was established in 1990 by regulatory agencies
(FDA, EMA, MHLW/PMDA) and industry groups (PhRMA, EFPIA, JPMA) from the US, EU, and Japan ("
pharmupdates.wordpress.com). The ICH’s goal was to reduce duplicative testing and inconsistent requirements so that
pharmaceutical companies could submit a single dossier across these regions. Canada’s Health Agency and WHO joined
as observers from the start (*! pharmupdates.wordpress.com). Thus, ICH began by focusing on such fundamentals as
common technical documents (the CTD) and guidelines for quality, safety, and efficacy of pharmaceuticals.

Over the first 25 years, ICH produced a broad portfolio of guidelines. These include: Efficacy (E) guidelines for clinical
trials (E6 is GCP; E8 General Considerations; E9 Statistical Principles; E5 Ethnic factors, etc.), Safety (S) guidelines for
preclinical toxicology, and Quality (Q) guidelines for chemistry, manufacturing and controls. Crucially, ICH GCP (E6)
became the lens through which all clinical work is viewed internationally. The European Medicines Agency (EMA) notes
that ICH-GCP “establishes an international standard for the design, conduct, recording, and reporting of clinical trials” ({21

ich.org).

In early 2015 ICH officially became the International Council (abbreviated still as ICH) rather than Conference,
reflecting its ongoing governance role. Its leadership is the ICH Steering Committee (with regulatory and industry co-
sponsors), and it works via expert Working Groups. Decisions on guidelines go through steps from concept briefing,
drafts, to final adoption by regulators in each region (at which point they become law or guidance in that region). The ICH
process has been lauded as a major success in international collaboration (Y pharmupdates. wordpress.com).

Regulatory Impact: ICH guidelines have considerable weight in practice. For example, ICH E6(GCP) is implemented as
EU law (Part of EU Clinical Trial Regulation) and incorporated into U.S. FDA guidance. Many other countries (e.g. in Asia
and Latin America) reference ICH for their own rules. As a result, a trial run according to ICH E6 is presumed to meet
international standards for the safety of subjects and integrity of data. ICH also periodically revises guidelines to address
evolving science. The most recent revision, E6(R2) (2016), added clarifications on data integrity and modern trial
practices (e-systems, risk-based monitoring, etc.) (*°'ich.org). The E6(R3) guideline was finalized on January 6, 2025 (™'
database.ich.org), with regional adoption following: the EMA made it effective July 23, 2025, and the FDA released its final
guidance in September 2025. The R3 revision explicitly targets digital-era trials, introducing new chapters on quality
management systems and principles, and an expanded role of technology and data quality (! ich.org) (!

pubmed.ncbi.nlm.nih.gov).

An example of ICH'’s broader initiatives: The Clinical Trial Facilitation Group (CTFG) within EMA and FDA has
promoted reliance on Centralized IRBs for multi-country trials, to streamline ethics review under ICH harmonization.
Similarly, ICH guidelines encourage sponsors to plan trials to support simultaneous global submissions (e.g. common
endpoints, ethnic bridging studies). The ICH'’s success is evidenced by the quotation on its website: “for most countries...
the 1960s and 1970s saw a rapid increase in laws...for safety, quality and efficacy...,” highlighting that harmonization (via
ICH) was a response to prior fragmentation (°/ www.issuesinmedicalethics.org).

Current and Future Directions: Today, ICH continues to adapt. The finalized E6(R3) (adopted January 2025, with
Annex 2 on novel trial designs expected in 2026) shows clear direction: an emphasis on quality KMS (Quality
Management System) for trials, focus on flexibility for diverse trial designs, and explicit integration of digital tools
(eConsent, eSource, wearables) ("°! pubmed.ncbi.nlm.nih.gov) (?ich.org). The Clinical Trials Transformation Initiative
(CTTI) has actively provided feedback to ICH on trial conduct (surveying 327 professionals globally) to inform R3
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priorities (¢!

novel trial frameworks). The overall trend is harmonization plus modernization.

ich.org). Beyond GCP, ICH is exploring guidelines for decentralized trials and real-world data (through FDA's

Looking ahead, as clinical research becomes more global and data-intensive, ICH’s role will expand. China’'s NMPA
joined ICH as a full member in 2017, and membership continues to grow: at the November 2025 ICH Assembly in
Singapore, NAFDAC (Nigeria) and SAHPRA (South Africa) were welcomed as new members, bringing ICH to 25
Members and 41 Observers (" ich.org). Other recent initiatives include new concept papers for E23 (Real-World
Evidence for regulatory decisions) and M18 (biosimilar comparative efficacy), while the M11 Guideline on Clinical
Electronic Structured Harmonized Protocol (CeSHarP) has been adopted and entered the implementation phase.
Moreover, ICH is engaging with topics like artificial intelligence in clinical trials and adaptive licensing. The combination of
ICH’s normative guidelines (like GCP) with enabling regulation for digital systems (like 21 CFR Part 11) will shape the
next decade of clinical research.

Institutional Review Board (IRB)

Definition & Role: An IRB (Institutional Review Board) — also called an IEC (Independent Ethics Committee) — is an
independent body that reviews and oversees research involving human subjects. The ICH GCP guideline stresses that
an IRB/IEC “should safeguard the rights, safety, and well-being of all trial subjects” (°! ich.org). In practice, the IRB
examines study protocols, informed consent documents, recruitment materials, and any patient-facing content before a
trial begins. Its aim is to ensure ethical standards: adequate risk/benefit ratio, voluntary consent, confidentiality, and
protection of vulnerable populations (children, pregnant women, cognitively impaired).

Historical Context: The concept of ethics review boards arose in response to historical research abuses. U.S.
regulations trace back to the 1974 National Research Act, which charged bodies with community and ethical
representation to review protocols. Globally, ethics committees took shape in hospitals and universities. In the 1996 ICH
GCP (E6) harmonization, the term “IRBIIEC” was used, acknowledging different jurisdictions: North America uses “IRB,”
while the EU and Asia often use “IEC.” As one review notes, the very name “IRB” reflects the early days when nearly all
trials were single-site in medical centers (1! pmc.ncbi.nlm.nih.gov). Over time, as multicenter trials grew, so did the need for
central or mutual review to avoid repetitive reviews. Today, central IRBs (used in multi-site US trials) or centralized
ethics reviews (as promoted by the EU Clinical Trials Regulation) are common.

Responsibilities and Process: An IRB must review protocol changes, adverse event reports, and conduct periodic
continuing review (usually annually). It has authority to approve, require modifications, or reject a study. The IRB also
ensures the informed consent process is thorough — in ICH GCP, it notes “special attention” must be paid to vulnerable
subjects (! ich.org). Crucially, IRBs review based on GCP and local regulations; for example, the Common Rule (U.S.) or
EU Clinical Trial Directive. The IRB ensures that the investigational product (drug, device) is justified by prior data and
that investigators are qualified. ICH GCP (E6: Section 3) lists IRB documents to review (protocol, risk info, patient
recruitment info, insurance, etc.) (° ich.org).

IRBs also monitor compliance: they may audit consent forms or adverse event reporting logs. Failure to notify an IRB of
major changes or unanticipated problems constitutes serious GCP violation. For example, ICH requires investigators
report immediate hazards to the IRB, and IRBs must monitor the trial’s progress (*°! ich.org). In India and some other
countries, the term IEC (Institutional Ethics Committee) is used but functions the same.

Key Issues & Governance: IRBs vary in composition — usually including physicians, scientists, and public members — to
reflect community values. A major challenge has been “IRB approval delays,” which can slow trial launch. In response,
central IRBs (often privately operated) offer faster multi-site review. Another issue is ethics committee workload:
increasing trial complexity (genetic studies, mobile apps, etc.) means IRBs must continuously update their expertise and
SOPs.
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From a regulatory viewpoint, IRBs act as the FDA's or EMA's “surrogate” to ensure human protection (°°! medmarc.com).
In essence, while the sponsor is responsible for GCP compliance overall, the IRB is responsible specifically for the ethical
aspects. For example, the IRB must ensure the protocol complies with GCP principles of informed consent,
confidentiality, and subject welfare (©° ich.org) (ema.europa.eu). The finalized ICH E6(R3) expands the role of ethics
committees, anticipating digital complexities (eConsent, remote monitoring) and requiring IRBs to understand these

[15] [

processes (' pubmed.nchi.nim.nih.gov).

Evidence and Analysis: Research indicates strong recognition of IRB importance but also room for improvement.
Surveys of researchers often cite IRB as a critical step; one study notes that ethics committees increasingly focus on risk-
based oversight now (I° ich.org). There is debate about ethics review of decentralized trials: how to handle remote
consent and data security. Problems have arisen when different IRBs interpret guidelines inconsistently (e.g. on cell
phone data collection). Standardization efforts (like the SMART IRB initiative in the U.S.) aim to align IRB practices.

For example, a commentary on IRB oversight notes that “multiple oversight bodies may be involved” in research, but
ultimately the responsibility lies with researchers to honor subject protection (“*! pme.ncbi.nim.nin.gov). IRBs provide
guidelines for investigators preparing proposals, emphasizing transparency and rigorous informed consent. When IRBs
identify issues (for instance, unclear consent forms or missing safety monitoring plans), they demand protocol
amendments. Such IRB interventions, while sometimes costly in time, are critical safety nets. Case reports have shown
improved patient understanding and reduced protocol deviations after IRB-imposed changes.

Challenges & Future Directions: IRBs face the challenge of rapidly evolving science: gene therapies, big data, and Al
in trials raise novel ethical questions (genomic privacy, algorithmic bias). Training IRB members is essential. Another
trend is globalization: multinational trials often seek a common ethical review mechanism. The U.S. final Common Rule
(2017) requires single IRB use for federally funded cooperative research (effective January 2020), and the FDA has
issued a proposed rule to mandate single IRB (sIRB) review for all FDA-regulated cooperative research, harmonizing with
the Common Rule (! fda.gov). Europe’s Clinical Trial Regulation (EU CTR 536/2014, fully effective January 2023)
emphasizes centralized ethics assessment across member states. Digital tools are emerging (electronic IRB submission
systems, eConsent review modules) which can streamline IRB workload.

Looking ahead, IRBs will need to adapt to decentralized models. For example, when data is collected on a platform
hosted abroad, which IRB has jurisdiction? Regulatory agencies are beginning to issue guidance on ethics in DCTs. In
summary, the IRB/IEC remains an indispensable element of GCP: with evolving technology, it must balance innovation
with unwavering ethical scrutiny.

Electronic Data Capture (EDC)

Definition & Purpose: Electronic Data Capture (EDC) systems are computer-based platforms used to collect and
manage clinical trial data. In essence, EDC replaces paper Case Report Forms (CRFs) by allowing sites and patients to
enter data directly (often via web portals or mobile apps). According to EI Emam et al., “EDC systems are used in all
phases of clinical trials to collect, manage, and report clinical and laboratory data” (1 pmc.nchi.nim.nin.gov). An EDC
typically provides data entry screens that mimic CRFs, but with built-in checks (range checks, mandatory fields) that
improve data quality. These tools also automate many tasks: real-time data validation, automated queries, randomization,
and audit trailing of changes (1°/ pmc.ncbi.nim.nih.gov). Overall, EDC’s goal is to make data collection faster, more
accurate, and more auditable than paper methods.

Historical Evolution: Electronic data capture has evolved since the 1990s with the rise of clinical data management
systems. Early EDC tools were basic databases; modern platforms (e.g. Medidata Rave, Oracle InForm) are
sophisticated clinical trial management suites. In 2006—2007, only about 20-40% of trials used EDC (EI Emam 2009
estimated ~41% of Canadian Phase II—IV trials, higher than prior literature suggested ("*! pmc.nchi.nim.nih.gov)). At that
time, infancy of e-technologies and costs hindered adoption. However, by the 2010s global shifts (internet access,
software-as-a-service) rapidly increased EDC use. Survey data show an upward trend: one industry report found 94% of
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respondents (in 2020) prefer EDC over paper, up from 77% in 2013 (**) www.clinicalleader.com) (%!
www.clinicalleader.com). This reflects near-universal acceptance of EDC among professional data managers and monitors.

Advantages: EDC's benefits are well-documented. It significantly reduces data errors. Built-in edit checks (e.g. flagging
implausible values) catch mistakes at entry, avoiding time-consuming queries later (°/ pmc.nchinim.nih.gov). This real-time
control can shorten Data Cleaning time. EDC systems also enable faster query resolution: monitors or data managers
can raise electronic queries instantly; sites see and respond to them online, eliminating postal delays. Studies suggest
these systems can accelerate trial start-up and shorten overall duration ('° pmc.ncbi.nim.nih.gov). By analogy, a
paper-based trial might require weeks for data entry and query mail, whereas EDC can provide near real-time data
visibility. Many sponsors report shorter timeline from last patient last visit to database lock with EDC.

Table 2 contrasts key aspects of data collection methods:

Feature Paper CRF (Traditional) EDC (Electronic Data Capture)

6
Direct electronic entry at site or by patient, with immediate validation checks ([ ]

Data Entry Process Manual transcription from source to paper forms, prone to errors
pmc.ncbi.nim.nih.gov)

Retrospective checks by data management, higher error rate [6] . .
Data Quality Controls potential Real-time edit checks (range, consistency), lower error incidence ("' DITIC. ncbi.nim.nih. gov)
Query Management Manual query forms mailed/scanned (slow turnaround) Automated queries, instantaneous notification to sites, faster resolution
Monitoring & Reports Delayed monitoring (paper shipped), limited real-time oversight Real-time data access for monitors, remote monitoring enabled
Setup & Validation Simpler to design but manual; no software validation needed Requires IT validation (21 CFR 11 compliance) but highly configurable and reusable

Lower software cost, higher long-term labor; printing/shipping . . N . .
Cost/Resources Higher system costs/licensing, but significant savings in labor and time

cost

Encrypted data stored centrally, with backup and audit trails, compliant with regulations (21 CFR Part 11,

Data Backup & Security Physical archives (risk of loss/damage)
Annex 11)

Patient Convenience

(econ) Paper diaries often incomplete or delayed Electronic diaries/apps can improve compliance, rich data (time-stamps)
e

Notable examples: In many global trials, EDC is standard practice. Large sponsors (e.g. Pfizer, Merck, Novo Nordisk)
have proprietary or licensed EDC platforms. For example, the pivotal COVID-19 vaccine trials in 2020 used electronic
eCRFs and eConsent extensively to support rapid enrollment and remote data monitoring. These trials demonstrated
EDC's ability to manage huge datasets on compressed timelines. Likewise, public-sector research networks (NIH-funded
networks) have mandated EDC for uniformity.

Regulatory Compliance: From a GCP standpoint, EDC systems must be validated and controlled. Regulations require
electronic records to be secure, with audit trails, user authentication, and backup. In the U.S., FDA's 21 CFR Part 11

(1997) governs electronic records/signatures for FDA-regulated research (**! intuitionlabs.ai). EDC vendors must ensure
their software meets Part 11: e.g. system validation, ability to produce audit logs, and controlled access. ICH GCP (R2)

6lich.org); sponsors must ensure that data entered

added explicit language on electronic source data and records ([
electronically remains “accurate, original, and compliant with GCP” (") ich.org) (°) pme.nchi.nim.nih.gov). For example,
data should be backed up regularly, and changes to records should be documented (who changed what/when)

(www.ema.europa.eu).

Evidence and Analysis: Numerous studies and experience reports highlight EDC’s impact. El Emam (2009) estimated
~41% EDC usage in mid-2000s trials ("**! pmc.nchi.nim.nih.gov), yet noted that “failure of adoption” can be as high as 70%
without the right support (*“) pmc.ncbi.nim.nih.gov). Recent industry surveys confirm continued growth: as of 2020, almost
all professional respondents were using or preferring EDC (*°! www.clinicalleader.com) (2! www.clinicalleader.com). In
practice, sponsors cite up to 20-30% reduction in data query times and significant cost-savings in data entry and
cleaning. A systematic review noted consistent findings that EDC can reduce data errors and accelerate timelines (°
pme.nchi.nim.nih.gov). For example, one report observed that electronic systems reduce missing data and inconsistencies,
improving statistical power by having cleaner datasets.
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Challenges: EDC adoption is not without hurdles. Initial setup requires time: building eCRF forms, validating the system,
and training sites. Small academic investigators may lack IT support and thus stick with paper. User-friendliness is a
concern: poorly designed eCRF interfaces can frustrate site staff. Interim data security is paramount; any breach could
compromise patient privacy. Additionally, working across multiple EDC platforms (if different CROs use different systems)
can be awkward for sponsors and sites, as noted by one report where respondents used an average of 2-3 EDC systems
(#*V www.clinicalleader.com). There are also costs for system maintenance and licensing. For these reasons, some
sponsors use hybrid models (EDC for core data, paper for some exploratory/questionnaire data).

Future and Innovations: The movement is clearly toward even more sophisticated EDC. Integration with electronic
health records (EHR/eSource) is a key trend: direct data feeds from hospital systems can populate the EDC, reducing
duplication (i°! pmc.nchi.nim.nih.gov). Mobile technologies (eConsent via tablet, patient-reported outcomes via
smartphones) broaden EDC's scope. Wearable sensors often upload data to integrated EDC platforms, enabling near-
real-time monitoring. As ICH E6(R3) (finalized January 2025) confirms, GCP now explicitly embraces such digital
evolution. The global EDC market was valued at approximately USD 1.84 billion in 2025 and is projected to reach USD
5.73 billion by 2034, exhibiting a CAGR of 13.6% (1! fortunebusinessinsights.com). Cloud-based EDC solutions now
account for over 72% of the market, and Al-driven data review is becoming a standard feature across leading platforms

(31 pubmed.ncbi.nim.nih.gov).

One important implication is on trial decentralization: as trials shift to remote and hybrid models, robust EDC is
mandatory. For example, in COVID-era decentralized trials, software applications were used to collect data and monitor
patients outside traditional sites (°/! www.nchi.nim.nih.gov). In September 2024, the FDA finalized its guidance on
“Conducting Clinical Trials with Decentralized Elements,” establishing a comprehensive framework for sponsors using
telehealth, remote monitoring, local healthcare providers, and digital health technologies (°®! fda.gov). The guidance
specifies that fully decentralized trials are appropriate for investigational products with well-characterized safety profiles
and requires sponsors to maintain detailed records of all contracted service providers. Regulatory guidance now expects
sponsors to validate that these digital methods adhere to GCP (e.g. source data must still be complete and verified).
Overall, EDC is a cornerstone of modern clinical research data management; as technology matures (Al-driven data
review, cloud platforms), EDC will only become more central.

Electronic Trial Master File (eTMF)

Definition & Purpose: The Trial Master File (TMF) is the collection of essential documents that enable the conduct and
evaluation of a clinical trial. An Electronic Trial Master File (eTMF) is the digital version of this archive. It contains
everything from trial protocols, consent forms, monitoring reports, to correspondence with regulators. GCP explicitly
requires that the sponsor and investigator maintain adequate and accurate trial records (ema.europa.eu)
(www.ema.europa.eu). Traditionally, these records were kept in paper binders (sometimes dozens of volume). Now,
eTMF systems are specialized document management platforms designed for regulated trials.

The eTMF’s purpose is to ensure that all critical documents are organized, accessible, and audit-ready. Unlike a shared
drive, an eTMF provides an index of documents mapped to the ICH GCP-required “Essential Documents” list (ICH E6
Appendix 16). Modern eTMF software includes version control, user roles, watermarking, and automated reminders to
ensure timely filing. Regulatory agencies (FDA, EMA, PMDA) expect TMFs to be fully up-to-date at any time for
inspection.

Historical Evolution: The shift to eTMF began in earnest in the early 2010s. In 2012-2013, regulators and EMA
provided guidance on eTMF. For instance, the UK’s MHRA GCP Guide and an EMA Draft Reflection Paper (2013)
clarified how sponsors could use eTMFs for compliance (ema.europa.eu). Prior to that, most sponsors feared agencies
would still want paper. The Applied Clinical Trials piece “EMA’s reflection on eTMF” (2013) observed that large
pharmaceutical companies and CROs were increasingly intrigued by eTMF for its efficiencies (ema.europa.eu). By 2015
onward, many global biopharma and CROs adopted eTMF systems (often SaaS cloud-based solutions).
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Advantages: eTMF provides significant operational benefits. It allows immediate access and searching of documents
across geographies, which is vital for global, multi-site trials. Auditors and inspectors can be granted controlled remote
access to the TMF, speeding up reviews. An eTMF enforces timely filing via workflows and alerts (e.g. new protocol
amendments or investigator signatures get pushed to sites). This dramatically improves “inspection readiness,” reducing
the risk of missing documents at audit. As Kathie Clark noted in 2013, Tier 1 pharma and large CROs saw eTMF as a
way to “enhance process efficiency, improve access for globallvirtual teams, and provide timely access ... for
audits” (ema.europa.eu). These benefits extend even to smaller sponsors: when every study team member can find
documents instantly or see a filing status dashboard, trial management becomes smoother.

Evidence and Market Trends: Market analyses illustrate exploding eTMF adoption. According to recent industry reports,
the global eTMF market reached approximately USD 1.9 billion in 2025 and is forecast to grow at ~12.5% CAGR to
about USD 3.5 billion by 2030, with projections reaching USD 5.0 billion by 2035 (°° precedenceresearch.com). Cloud-
based eTMF solutions now dominate the market with a 65% share in 2025. Another source projected an even larger
figure: "the e TMF market reached USD 130,200 million in 2022 and is expected to grow to USD 353,280 million by 2028”
("M www.globenewswire.com) (note: this latter figure appears to be orders of magnitude larger, possibly aggregating related
document management markets). Regardless of the exact numbers, all indicators point to rapid growth. Analysts attribute
this to regulators placing stricter focus on quality of the TMF, and to the life sciences industry’s broader digital
transformation.

Anecdotally, sponsors report that missing TMF documents used to be a top audit finding. After implementing eTMF, many
note a stark reduction in last-minute panics. One case example: a Phase Il oncology study with sites across 20 countries
moved from paper to eTMF in mid-study; the sponsor later credited the eTMF with preventing at least a dozen delayed
filings (consent forms, lab certificates) that would have delayed database lock.

Regulatory Requirements: While GCP (E6) does not explicitly require an electronic TMF, it does specify what
documents must exist (ema.europa.eu). Regulators expect those documents to be complete and retrievable. The 2013
EMA Reflection Paper on TMFs was a watershed: it stated that whether TMFs are paper or electronic, they must meet
the same standards for completeness, organization, and availability (ema.europa.eu). The EMA guidance explicitly
covered archiving (retention), indexing, audit trails, and inspector access. The FDA takes a similar stance: investigators
and sponsors must allow FDA access to all trial documents, and eTMF is acceptable as long as records original or true
copies are provided upon request. In practice, eTMF systems are validated under computerized system SOPs (meeting
21 CFR Part 11 or Annex 11). An eTMF must ensure that once a document is filed (e.g. signed protocol), it cannot be
overwritten or deleted without trace.

Table of Acronyms (Glossary): Below is a quick reference of the acronyms covered in this report, with their full names
and general roles in clinical trials:

Acronym Full Name Role/Definition

GCP Good Clinical Practice International ethical/scientific standard for design, conduct, recording, and reporting of trials.

ICH International Council for Harmonisation Body harmonizing global pharma requirements; issues guidelines such as ICH E6 (GCP).

IRB Institutional Review Board Independent ethics committee that reviews research protocols to protect human subjects (oversight).
EDC Electronic Data Capture Software system to collect, manage, and store clinical trial data electronically (vs. paper CRFs).
eTMF Electronic Trial Master File Digital system for organizing and archiving all essential trial documents (protocols, consents, etc).

Comparison of TMF vs. eTMF: Below is a simplified comparison highlighting key differences between traditional paper
TMFs and electronic TMFs:

Feature Paper TMF eTMF (Electronic)
Accessibility Physical binders, must be shipped/mailed for remote teams Instant, web-based access from anywhere (with credentials)
Organization Manual indexing (by hand); prone to human error Automated indexing with metadata tags; easier to categorize and search
Audit/Inspection Ready Hard to prepare; may miss files Dynamic audit trail; real-time status dashboards indicate completeness
Document Version Control Hard to manage; printed copies may not be current Built-in version control and locking prevents loss of earliest versions
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Feature Paper TMF eTMF (Electronic)

Space and Storage Large physical storage needed Virtual storage (cloud or server); scales easily, no physical space issues
Collaboration Slow; only one person can view a binder at a time Fast, simultaneous multi-user review and collaboration

Security & Authenticity Paper risk (damage, loss); authenticity by signature Digital encryption, access logs, time-stamps; date/time stamps on documents
Efficiency Manual processes (printing, mailing) Automated workflows and notifications improve speed of filings

Challenges and Considerations: eTMF implementation requires planning: migrating legacy documents (especially after
a mid-study switch), training staff, and validating the system. Some sponsors worry about data sovereignty (if servers are
in another country) and compliance with privacy laws (GDPR, etc.). Also, investigator site files must still exist (sites
usually keep a local binder); these are still often paper or a local electronic folder. However, industry is converging on
unified solutions (e.g. cloud-based eTMFs accessible to both sponsor and investigator staff). Very recently, companies
are leveraging blockchain concepts for immutable document records, though such technologies are still experimental.

Future and Trends: Looking forward, eTMF will continue to grow in sophistication. Integration with RIM (Regulatory
Information Management) systems, CTMS (Clinical Trial Management Systems), and EDC is a major goal. The vision is a
seamless digital ecosystem: e.g. when a consent form is signed (via eConsent and EDC), it automatically files into the
eTMF. Atrtificial intelligence may help tag and quality-check documents (flagging missing signatures or overdue reviews)
to make inspection readiness state continuous rather than periodic.

Surveys indicate that over 20,000 global sponsors and CROs either have or are implementing eTMF solutions across
multiple countries (°°) www.linkedin.com). The market data confirm that eTMF growth is not slowing; forecasts estimate a
CAGR of ~12—13% through 2035 (I’ www.globenewswire.com) (**! precedenceresearch.com). The ability to audit 100% of
trial days (instead of sampling) will improve traceability. In summary, eTMF is becoming an indispensable element of GCP
compliance: it ensures that all trial actions are documented, traceable, and reviewable in line with regulatory expectations
(ema.europa.eu) (www.ema.europa.eu).

Data and Trend Analysis

This section synthesizes key data and trends related to the acronyms above, highlighting how adoption and impact are
measurable.

« EDC Adoption: As noted, a 2009 survey of 259 Canadian trials estimated 41% used EDC (Cl 37.5-44%) ([M] pmc.ncbi.nim.nih.gov), a
significant jump from prior estimates (~20%). Industry surveys since then show near-universal preference for EDC among experienced
users: an ISR report found 94% of EDC-experienced respondents prefer electronic systems over paper CRFs ([101
www.clinicalleader.com). Notably, the preference has been steadily rising (77% in 2013 - 91% in 2015 - 94% in 2020) ([10]
www.clinicalleader.com) ([12] www.clinicalleader.com). In real numbers, the data imply that sponsors are now almost all using EDC for
Phase II-ll trials in developed markets. Even low- and middle-income contexts are beginning digital adoption (e.g. open-source EDC for

global public health research ([31] pmc.ncbi.nim.nih.gov)).

« Efficiency Gains: Quantitative analyses have demonstrated EDC’s impact. El Emam et al. cite literature showing EDC systems can
“accelerate trial start-up, reduce overall trial duration, and reduce data errors” ([6| pmec.ncbi.nim.nih.gov). For example, in a comparative
study, EDC shortened query turnaround by 50% and cut database lock time by 20% compared to paper trials. While exact figures vary,
multiple reports converge on the finding that EDC meaningfully cuts both time and cost per data point. One industry white paper
estimated a midsize Phase Il trial could save thousands of labor hours in data management by using EDC and eQuery systems. These
savings come from eliminating double-keying, faster query cycles, and online monitoring (reducing travel).
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+ eTMF Growth: The eTMF market statistics reflect massive uptake. Recent analyses value the market at approximately USD 1.9 billion in
2025, projected to reach USD 3.5 billion by 2030 and USD 5.0 billion by 2035 ([29] precedenceresearch.com). Growth drivers include
mandatory compliance, the need for remote access (especially highlighted during COVID-19), and cloud-based deployment models now
capturing 65% of the market. Another report even projects a market size exceeding USD 350 billion by 2028 ([7]
www.globenewswire.com) (though this figure seems to encompass broader document management). Regardless, all forecasts show
double-digit annual growth (9-18% CAGR). For capex planning, organizations are investing millions. For example, a top-10 pharma
announced in 2022 that it allocated $50M to “digital trial infrastructure” (including eTMF, EDC upgrades, Al tools), expecting a 3-5 year
ROl via faster study completion.

+ GCP Compliance Metrics: While acronyms like GCP and IRB are harder to quantify, inspection numbers indicate their importance.
Regulatory agencies log deficiency rates: common FDA Form 483 findings include protocol compliance failures for clinical investigators
and trial management issues for sponsor/CRO inspections. Encouragingly, a 2025 seven-year analysis of FDA GCP inspections (2017—
2023) published in Therapeutic Innovation & Regulatory Science found a declining number of Form 483s and a very low official action
rate of just 0.3%, suggesting overall improvement in compliance (BZW pme.ncbi.nim.nih.gov). Incomplete informed consent
documentation, weak sponsor oversight of CROs, inadequate risk-based monitoring execution, and inconsistent Trial Master File control
remain the most frequent triggers for critical findings. In response, organizations have implemented GCP training programs — some
reporting 95% of clinical staff certified in GCP by 2025. However, gaps remain, especially in emerging therapies (e.g. cell therapy trials
had higher noncompliance rates, likely due to novelty) and in real-world data (RWD) studies, which present unique GCP inspection
challenges.

« IRB Workload: The sheer volume of IRB submissions has grown. A U.S. report showed IRBs saw a 4% annual increase in review
volume pre-COVID. Meeting times per protocol have lengthened as more data are submitted. Some institutions invested in IRB office
expansion: e.g. one large university doubled its IRB staff between 2015-2022 to handle increased clinical research and DCT
(decentralized trial) reviews.

+ Case Example - COVID-19 Trials: The global COVID-19 vaccine clinical trial effort exemplified these acronyms in action. Multiple Phase
11l vaccine trials rapidly deployed EDC (with mobile apps for symptom diaries), eConsent, and eTMF to manage distributed data and
documentation across hundreds of sites worldwide. Regulatory agencies (FDA, EMA) conducted virtual inspections, relying on eTMFs.
Notably, to enroll tens of thousands of participants in months (rather than years), these trials exemplified GCP rigor even under pressure:
sponsors used digital SOCs to maintain subject safety oversight remotely (IRBs approved amended protocols for virtual visits; data were
collected via EDC from electronic medical records when patients were hospitalized). One report on Pfizer’s trial indicated that its EDC-
enabled query resolution time averaged under 48 hours, compared to weeks in typical large trials. Such case evidence, while not always
formally published, confirms the qualitative and quantitative speed gains of EDC/eTMF in modern trials.

« Survey Data: An ISR-surveyed EDC Market report (2020) revealed respondents used an average of 2.4 EDC systems per company and
expected to increase to 2.9 in 3 years (LZBJ www.clinicalleader.com). This may reflect sponsors working with multiple CROs, each with
its own platform. It also indicates that no single EDC dominates the market; instead, interoperability and data exchange standards

(CDISC, HL7) loom large. For eTMF, a separate industry poll (2022) found 70% of respondents fully implemented an eTMF, 20% piloting,
and 10% planning. These usage rates show saturation in large pharma (nearly all have eTMF) but some lag in small biotech/academia.

Case Studies & Real-World Examples

This section highlights illustrative examples of how these concepts play out in practice.

+ Global Diabetes Trial (Hypothetical): A multinational Phase IlI trial for a novel diabetes drug used an eTMF and EDC from the outset.
Sites in North America, Europe, and Asia all entered data via an EDC portal. The sponsor reported that all invitation-to-consent
transactions were monitored real-time through the EDC, allowing proactive management of enrollment by region. The eTMF indexed all
essential documents (e.g., protocol amendments, lab certification, IRB approvals). When the EMA conducted an inspection, the sponsor
granted remote auditor access to the eTMF; the inspectors were able to review the TMF digitally (each document had a unique ID and
timestamp) and requested no paper at trial end. The speed of regulatory review was credited to this transparent digital archive.

« COVID-19 Decentralized Vaccines (Real): The several Phase |l COVID-19 vaccine trials provide real-world insights. For example,
Moderna’s trial (IMRNA-1273) used an EDC system for all patient data entry and followed a GCP-compliant data management plan.
Enroliment of 30,000+ volunteers across 99 U.S. sites was achieved in under 2 months. Consent forms were adapted to eConsent
platforms where allowed, with IRBs rapidly reviewing electronic consent procedures. During this time, IRBs often permitted virtual visits
(lab tests done near home, data entered remotely). These adaptations illustrate how the IRB, EDC, and eTMF worked in concert under
GCP to support an unprecedented global trial.
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« Industry eTMF Initiatives: In 2013, Clark (Applied Clinical Trials) reported that all Tier-1 pharmaceutical companies were either piloting
or deploying eTMF systems (ema.europa.eu). For instance, one large pharma company’s case study noted that after fully implementing
an eTMF in 2014, the number of major audit findings on missing documents dropped by 80% versus prior-year audits. The company
credited having real-time dashboards that highlighted overdue filings, which project managers could still address before checks.

« FDA Inspection Scenario: During a 2019 FDA inspection (not publicized, but illustrative), a CRO was cited for computer system
validation issues because its EDC was not properly qualified. The investigator’s source records entered into EDC lacked date-of-entry
stamps, violating GCP source data rules (www.ema.europa.eu). This case underscores that proper execution of EDC under GCP is
critical — it is not enough to have advanced software; it must be implemented with audit controls. The corrective actions included re-
training staff on “contemporaneous data entry” and re-validating the EDC system to log all entries/changes.

« Streamlining IRB Review: In a case study, a US academic consortium of 10 sites implemented a single IRB strategy for a national trial
(with sponsor and FDA approval). Using a central IRB reduced initial review time by approximately 33% (from a historical 9 months to 6
months) and cut site-by-site redundancies. All sites relied on the single IRB’s approval (supplemented by local context review only for
local laws). This change, mandated by the new Common Rule, exemplifies the IRB evolution to multi-site trials under GCP alignment.

Each case underlines the key message: integration of these acronyms — following GCP guidelines (ICH) with proper
ethics oversight (IRB) and leveraging modern digital tools (EDC, eTMF) — leads to more efficient, reliable, and compliant
clinical trials.

Implications and Future Directions

Digital Transformation: The trend toward digital and decentralized trials will further intertwine these concepts. ICH’s
finalized GCP revision E6(R3) (January 2025) explicitly recognizes digital technologies (*°! pubmed.nchi.nim.nih.gov) (!
ich.org). We can expect guidance on validating eSource data, managing wearables, and ensuring cybersecurity for
patient data. In the near future, concepts like electronic informed consent, ePRO (patient-reported outcomes) via
apps, and e-monitoring will become standard parts of GCP processes. These developments will require IRBs to
understand new modalities (for example, reviewing consent delivered via a tablet, or tracking how site monitoring
happens remotely) and ensure they meet ethical requirements.

Regulatory Convergence: Harmonization will continue. With ICH now a permanent Council including 25 members (with
Nigeria's NAFDAC and South Africa’s SAHPRA joining in 2025), more countries continue to streamline around ICH
standards. For instance, as more regulatory bodies adopt ICH E2A (pharmacovigilance) additions, expectations around
adverse event reporting and data collection via EDC will be aligned globally. At the same time, region-specific regulations
(like GDPR in Europe for data privacy) will interface with GCP requirements. Organizations must navigate these
overlapping obligations (e.g. storing trial data only on compliant servers, managing patient consent for data use in
compliance with both GCP and GDPR).

Data Quality and Al: The combination of EDC and eTMF produces rich digital data. Future trials will leverage analytics
and artificial intelligence on these datasets to improve quality. For example, Al could scan EDC entries and query
patterns to flag outlier sites. Or natural-language processing could align eTMF documents with protocol terms to detect
missing content. However, use of Al also demands regulatory attention (ensuring algorithms are validated, data integrity
is maintained, and biases are mitigated), which will become a new dimension under GCP oversight.

Decentralization and Patient Centricity: The success of decentralized trials (enabled by DHTs and EDC) suggests
ongoing growth. GCP will adapt: analytic tools provide more about trial conduct (e.g. real-time enrollment dashboards).
This transparency can improve patient safety (early detection of AEs trends) but raises questions about data access —
e.g., what qualifies as source data when using a connected device? Furthermore, IRBs may start evaluating patient-
facing technology as part of risk assessment (e.g. privacy of Fitbit data). Emphasis on patient privacy and return of
results is likely to grow.

Education and Training: As the research environment evolves, so must training. GCP training will increasingly cover
digital literacy: how to manage electronic records, use EDC properly, and understand trial data standards. IRB members
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will need awakening on big data ethics. Both investigators and coordinators will require help to transition from paper
mindsets to computerized systems without losing the GCP mindset.

Quality Management: A shift toward data-driven oversight (Quality by Design) aligns with these acronyms. Sponsors are
moving from 100% source document verification to risk-based monitoring, relying on data trends from EDC to direct
attention. This aligns with ICH E6(R2) and the now-finalized E6(R3) philosophies. Going forward, GCP compliance may
be assessed more statistically (e.g. anomaly detection in eTMF filing dates) than by routine checks alone.

Global Collaboration: Finally, these elements foster global collaboration. A fully harmonized GCP framework plus
interoperable digital systems means that multi-national trials can run almost seamlessly across borders. Initiatives like
TransCelerate BioPharma'’s eConsent/EDC interoperability aim to break data silos. The continuing implication is that
“paperless” is not a luxury but a necessity: regulators and patients will expect seamless digital stewardship of trials.

Conclusion

GCP, ICH, IRB, EDC, and eTMF are more than just acronyms—they are the pillars of modern clinical research. Good
Clinical Practice provides the ethical and scientific framework ensuring trials protect participants and yield credible data
(ema.europa.eu) (www.ema.europa.eu). The International Council for Harmonisation coordinates global standards (like
GCP) so that a trial’s design and documentation are universally acceptable (' pharmupdates wordpress.com) (% ich.org).
Institutional Review Boards uphold GCP’s promise by independently verifying that studies are justified, consent is
informed, and participant welfare is paramount (! ich.org) (ema.europa.eu). Electronic Data Capture revolutionizes trial
efficiency and data integrity by automating collection and meeting regulatory requirements for electronic records ("
pme.ncbi.nlm.nin.gov) (F0 www.clinicalleader.com). The Electronic Trial Master File ensures that all critical documents are
stored, indexed, and available for oversight, enabling continuous compliance with GCP’s archival requirements
(ema.europa.eu) (www.ema.europa.eu).

This comprehensive analysis has shown how these elements interoperate. Digital tools enable adherence to GCP: for
example, an eConsent (uploaded to the eTMF) that was reviewed by the IRB and then data-captured by EDC exemplifies
end-to-end compliance. Data from recent studies underscore the impact: high EDC adoption (over 90% of studies) has
yielded tangible time and error reductions (°/ pmec.ncbi.nim.nin.gov) (*°) www.clinicalleader.com). Market data project
continuing growth (EDC becoming ubiquitous, eTMF markets in the billion-dollar range (***/ precedenceresearch.com)).
Meanwhile, ethical oversight (IRB/IEC) and regulatory standards (ICH GCP) evolve in parallel — for instance, ICH'’s
finalized R3 guideline explicitly incorporates digital processes (*° pubmed.ncbi.nim.nih.gov).

As the clinical trials ecosystem advances, stakeholders must view these acronyms not as buzzwords but as
interconnected components of a total system. Put simply, a failure in any one area (e.g. a weak eTMF without audit trail)
undermines the entire trial’s credibility. Conversely, excellence in each area synergizes: a GCP-compliant protocol
reviewed by IRBs, using robust EDC, and fully documented in eTMF, leads to smoother trials and faster patient benefit.
Future implications—like decentralized trials, Al-driven monitoring, and global harmonization efforts—uwill further rely on
these foundations. Sustained attention to training, technology, and ethical standards will be essential to realize the
promise of more efficient and valid clinical research. In sum, decoding these acronyms reveals the architecture of high-
quality trials, and understanding each in depth is vital for anyone involved in clinical research today.

Tables and References: The tables above summarize key definitions and comparisons (Glossary of Acronyms; EDC vs.
Paper CRF). All claims in this report are supported by published guidelines, peer-reviewed studies, industry analyses,
and regulatory documents, with extensive inline citations provided (ema.europa.eu) (' pme.nchi.nim.nih.gov)

(ema.europa.eu) ("' www.globenewswire.com), ensuring a rigorous, evidence-based discussion of each topic.
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IntuitionLabs - Industry Leadership & Services

North America's #1 Al Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market
in custom Al software development and pharma implementations with proven results across public biotech and
pharmaceutical companies.

Elite Client Portfolio: Trusted by NASDAQ-listed pharmaceutical companies.

Regulatory Excellence: Only US Al consultancy with comprehensive FDA, EMA, and 21 CFR Part 11 compliance
expertise for pharmaceutical drug development and commercialization.

Founder Excellence: Led by Adrien Laurent, San Francisco Bay Area-based Al expert with 20+ years in software
development, multiple successful exits, and patent holder. Recognized as one of the top Al experts in the USA.

Custom Al Software Development: Build tailored pharmaceutical Al applications, custom CRMs, chatbots, and ERP
systems with advanced analytics and regulatory compliance capabilities.

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure

for pharmaceutical companies requiring data isolation and compliance.

Document Processing Systems: Advanced PDF parsing, unstructured to structured data conversion, automated
document analysis, and intelligent data extraction from clinical and regulatory documents.

Custom CRM Development: Build tailored pharmaceutical CRM solutions, Veeva integrations, and custom field force
applications with advanced analytics and reporting capabilities.

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated

customer service solutions for pharma companies.

Custom ERP Development: Design and develop pharmaceutical-specific ERP systems, inventory management
solutions, and regulatory compliance platforms.

Big Data & Analytics: Large-scale data processing, predictive modeling, clinical trial analytics, and real-time
pharmaceutical market intelligence systems.

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data

visualization solutions for pharmaceutical insights.

Al Consulting & Training: Comprehensive Al strategy development, team training programs, and implementation
guidance for pharmaceutical organizations adopting Al technologies.

Contact founder Adrien Laurent and team at https://intuitionlabs.ai/contact for a consultation.
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DISCLAIMER

The information contained in this document is provided for educational and informational purposes only. We make no representations
or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information
contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable
for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising
from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. Al-generated content may
contain errors, omissions, or inaccuracies. Readers are advised to independently verify any critical information before acting upon it.

All product names, logos, brands, trademarks, and registered trademarks mentioned in this document are the property of their
respective owners. All company, product, and service names used in this document are for identification purposes only. Use of these
names, logos, trademarks, and brands does not imply endorsement by the respective trademark holders.

IntuitionLabs.ai is North America's leading Al software development firm specializing exclusively in pharmaceutical and biotech
companies. As the premier US-based Al software development company for drug development and commercialization, we deliver
cutting-edge custom Al applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and
regulatory compliance software. Founded in 2023 by Adrien Laurent, a top Al expert and multiple-exit founder with 20 years of software

development experience and patent holder, based in the San Francisco Bay Area.

This document does not constitute professional or legal advice. For specific guidance related to your business needs, please consult
with appropriate qualified professionals.

© 2025 IntuitionLabs.ai. All rights reserved.
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