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Executive Summary

The Trial Master File (TMF) is the definitive collection of essential documents for a clinical trial, required by ICH-
GCP and regulatory guidelines to demonstrate compliance and enable evaluation of trial conduct and data
quality (m www.appliedclinicaltrialsonline.com) (eur-lex.europa.eu). Historically, each sponsor or CRO managed its
TMF according to proprietary SOPs, resulting in disparate folder structures and naming conventions. To address
this gap, in 2009 the Drug Information Association (DIA) convened an international working group to develop a
TMF Reference Model - a standardized, vendor-neutral taxonomy of document categories that provides a
“unified, standardized structure and terminology” for trial documentation ('*! www.cdisc.org) (©*!
www.appliedclinicaltrialsonline.com). Over the past decade, the model has evolved through successive versions
(v1.0 in 2010 through v3.x releases today) to incorporate regulatory feedback and industry input. Adoption of
the model has become nearly universal in clinical research: one industry analysis observed that today “"you don't
see an RFP without a requirement that the eTMF system have the TMF Reference Model as the backbone,” and
that “practically no one is implementing an eTMF system without using the TMF Reference Model” ('

www.phlexglobal.com).

The TMF Reference Model defines "artifacts” (document types) organized into 11 functional zones (e.g. Trial
Management, Regulatory, Site Management, Safety, Data Management, etc.) (\°! blog.montrium.com), each with
standardized names, definitions, and expected content. It also anticipates a superset of sub-artifacts (over 600
in v3.2.0) and file types, allowing organizations to customize the structure to match their own processes or
eTMF systems (\°! blog.montrium.com). Importantly, the model is guidance only: it is explicitly “not intended to be
taken ‘off-the-shelf'" but rather adapted into an organization’s TMF plan or index () www.cdisc.org). Companion
resources — including a recommended TMF Plan template, standardized dating conventions, quality metrics and
inspection-readiness checklists — have been developed by the same community to assist implementation ('°!

www.phlexglobal.com).

The result of the TMF Reference Model is increased consistency, transparency, and efficiency in TMF
management. By mapping each trial's documents to a common framework, sponsors and CROs achieve
streamlined regulatory compliance and better collaboration across organizations. Case studies illustrate these
benefits: a major CRO (Covance/ICON) reported that before adopting the model its TMF index was “lengthy
[and] standards across studies were lost,” essentially forcing a re-index from scratch for every new study ('°
www.appliedclinicaltrialsonline.com). After reengineering on the TMF Reference Model (released June 2010) the
company achieved consistent, reusable filing structures for all sponsors. A large pharmaceutical sponsor
(Pfizer) noted similarly that a centralized eTMF built on the standard RM taxonomy yields “a cohesive and
centrally accessible TMF" for investigators and inspectors worldwide, eliminating the need to manage multiple

repositories (') www.appliedclinicaltrialsonline.com).

Collectively, the evidence and experiences of practitioners make a compelling case: standardized TMF
management reduces duplicate effort, cuts compliance risk, and accelerates trial timelines (I'"!
www.appliedclinicaltrialsonline.com) () www.phlexglobal.com). As clinical research moves toward fully electronic
record-keeping, the TMF Reference Model underpins new innovations such as standardized TMF exchange
formats and Al-driven document indexing. This report provides a comprehensive review of the TMF Reference
Model - its origins, structure, adoption, use cases, and future directions — with extensive references to industry
publications, regulatory guidance, and expert commentary. All claims below are supported by citations from
credible sources.

Introduction and Background
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Every clinical trial must maintain a Trial Master File (TMF), the complete set of documents “which individually
and collectively permit the evaluation of the conduct of a trial and the quality of the data produced” (!"!
www.appliedclinicaltrialsonline.com) (eur-lex.europa.eu). This definition is codified in ICH-GCP E6 and EU
directives (e.g. EU Directive 2005/28/EC, Article 16 (eur-lex.europa.eu)). Essential documents include protocols,
investigator brochures, informed consents, case report forms, monitoring reports, and correspondence among
sponsors, CROs, investigators and regulators. These records must demonstrate compliance with GCP, 21 CFR

and regional regulations (!"' www.appliedclinicaltrialsonline.com).

Despite this clear mandate, the global clinical research industry historically lacked a unified structural model
for organizing TMF documents. Sponsors, CROs and institutions each developed their own filing schemes under
internal SOPs, with unique names and categorizations for documents (\'?! www.appliedclinicaltrialsonline.com) (']
www.phlexglobal.com). As one industry observer noted, "every single company had its own TMF structure...
nothing was aligned. Organizations had different names for the artifacts... [and] each company had a unique mix
of what was included in the TMF" ("] www.phlexglobal.com). This heterogeneity created inefficiencies: each
party learning or merging with others had to reconcile different architectures, and regulatory inspectors faced
different TMF formats from study to study. Indeed, Contract Research Organizations reported that every new
trial was effectively a “from scratch” endeavor for TMF indexing ("”) www.appliedclinicaltrialsonline.com).

At the same time, clinical R&D is massively resource-intensive, with drug development costs rising each year
(") www.appliedclinicaltrialsonline.com). Even modest gains in operational efficiency can translate into significant
savings. Thus, there was a recognized need for greater standardization. In 2009, a cross-industry group
convened under the auspices of DIA's Document & Records Management Community to create that
standard.The goal was ambitious: to develop a comprehensive, technology-neutral reference model or
taxonomy for TMF content that any organization could adopt and adapt ('°/ www.appliedclinicaltrialsonline.com)
(") www.phlexglobal.com). As the working-group Chair summarized, the aim was to “get everybody onto a
common structure so that inspectors, CROs..., and sponsors could all talk the same language” (/'°

www.phlexglobal.com).

The outcome of this effort was the TMF Reference Model (often abbreviated TMF RM), first published in 2010.
It defined a “gold-standard” filing structure for trial documents, with standard artifact names and metadata ('*
www.cdisc.org) (1 www.appliedclinicaltrialsonline.com). Since v1.0, the model has been maintained and evolved by
industry volunteers (sponsors, CROs, technology vendors, regulators, etc.) into the present v3.x family (/°/
www.appliedclinicaltrialsonline.com) (1" www.phlexglobal.com). Crucially, the model is explicitly not a regulation or
rigid framework, but guidance: it outlines how to organize TMF content, not which specific software or process
to use (/! www.cdisc.org). Organizations are free to adapt the RM to their needs, whether in paper form or in any
eTMF system. The reference model simply provides a common taxonomy and naming convention to align all

[2]

TMFs across the industry () www.appliedclinicaltrialsonline.com) (! www.cdisc.org).

In summary, the TMF Reference Model addresses a fundamental need in clinical research: a consistent
document taxonomy that supports regulatory inspections, CRO/sponsor handovers, and cross-company
collaboration. The sections below examine the model’s structure, adoption, implementation nuances, and impact
on efficiency and compliance, drawing on regulatory sources, published analyses, and real-world case studies.

Regulatory Context and Rationale for Standardization

Regulatory guidelines underscore both the necessity of the TMF and the challenge of managing it. ICH-GCP E6
(R2) devotes Chapter 8 to "Essential Documents,” defining them as those that “individually and collectively
permit evaluation of the conduct of a trial and the quality of the data” (I') www.appliedclinicaltrialsonline.com) (17!
ichgep.net). The EU Good Clinical Practice Directive likewise specifies that the TMF shall consist of exactly the
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essential documents needed to assess a trial's conduct and data quality (eur-lex.europa.eu). By these criteria,
the TMF is the single source for demonstrating GCP compliance on a trial.

However, neither ICH nor FDA regulations prescribe a specific structure for filing these documents. Section 8 of
ICH E6 offers lists of documents by trial phase, but the mapping of those documents into folders and index
entries is left to sponsors and investigators (I') www.appliedclinicaltrialsonline.com). In practice, this meant that
each organization’s interpretation of “what belongs in the TMF" varied. As one survey noted, “the interpretation
of what defines an essential document has been the scrutiny of many... [with] different interpretations...ensuring
flexibility to include anything considered part of a Sponsor's interpretation” (1
www.appliedclinicaltrialsonline.com). The result was long, inconsistent indexes and low standardization across
studies.

Given this reality, industry leaders strongly advocated for an industry-wide standard. An Applied Clinical Trials
analysis (2013) reviewed then-recent case studies and surveys, concluding that “there has been no
comprehensive, common industry model for a TMF” ("'?) www.appliedclinicaltrialsonline.com) and that establishing
such a standard would bring clear benefits: interoperability, higher quality, and process efficiencies (especially
as trials transition to electronic system) ("'} www.appliedclinicaltrialsonline.com). For example, the article's
conclusion states, “Standards promote interoperability, increase quality and reduce effort for all clinical trials”
(" www.appliedclinicaltrialsonline.com), while consensus development across companies “ensures that the Model
is an enduring standard” providing value to all R&D participants ('®/ www.appliedclinicaltrialsonline.com).

In short, regulators demand a complete, auditable TMF, but industry recognized that regulatory compliance
could be significantly streamlined if all stakeholders used the same filing “language.” This rationale drove the
TMF Reference Model initiative. As one practitioner put it, the goal was to resolve the problem that “each
company had its own TMF structure” with no alignment ("'*! www.phlexglobal.com). By defining a common
taxonomy and metadata for TMF documents, the TMF Reference Model directly addresses that regulatory
compliance gap by making audits and exchanges of TMF contents much more efficient ('°

www.appliedclinicaltrialsonline.com) (W] www.appliedclinicaltrialsonline.com).

The TMF Reference Model: Origins, Versions, and Community

Formation and Early Development

In March 2009, about 20 TMF practitioners (study managers, regulatory experts, document managers, QA staff,
etc.) held an international teleconference and recognized the need for standardization (!'”’
www.phlexglobal.com). This core group, led by DIA volunteers, split responsibilities into functional "zones" (later
formalized as the 11 zones described below) and collected existing TMF structures from companies to compare.
They spent months collating artifacts and building consensus. By March 2010, the TMF Reference Model v1.0
was published at the DIA Annual Meeting, followed by v1.1 in February 2011 after incorporating input from MHRA

and FDA inspectors (1?91 www.phlexglobal.com).

The TMF RM team has always been a cross-industry volunteer consortium — by early 2013 it included over 330
representatives from 180+ life science companies, CROs, vendors, industry groups, academia, NGOs and
regulators ([3] www.appliedclinicaltrialsonline.com). Industry-wide momentum grew gradually: one account recalls
initial skepticism in many organizations (because adopting the model meant changing entrenched processes)
but notes that by 2019 the field had widely shifted. A landmark 10th Anniversary blog recounts that "we got
more and more people involved, [and] it gained momentum and now you don’t see an RFP without a requirement
that the eTMF system have the TMF Reference Model as its backbone. And practically no one is implementing an
eTMF system without using the TMF Reference Model as its structure.” () www.phlexglobal.com).
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Version History and Major Updates

The TMF Reference Model has been revised on a roughly biennial (or quicker) cadence to reflect new
regulations, technologies, and user feedback. Key releases include:

e Vv1.0 (June 2010): Initial publication of the model, defining basic zones and artifacts. Released at the DIA
Annual Meeting.

e v1.1 (Feb 2011): Incorporated regulatory feedback from MHRA and FDA.
e v1.2 (Dec 2011): Minor clarifications and artifact additions in response to user input.

e v2.0 (June 2012): A major update expanding content categories (for example, clarifying Investigator
Brochure and regulatory authorizations).

e v3.0 (June 2015): Significant revisions to align with risk-based monitoring and global trial practices. Over
100 industry volunteers participated in v3.0 development (*'! www.veeva.com). By 2015, vendors like Veeva

noted that usage of the model had “grown to the point that it has become a near-standard reference for

clinical development organizations worldwide” (') www.veeva.com).
e v3.1(Sept 2018): Further refining definitions and structure.

e v3.2.0 (Nov 2020): Introduced a new “Recommended Sub-Artifacts” column and expanded the model's
granularity. Specifically, it increased the pool of possible sub-artifacts to a “super-set of 612 customizable
sub-artifacts”, replacing the previous alternate-name columns. This was designed to give organizations
more flexibility to align the TMF content with their SOPs (I°! blog.montrium.com). Version 3.2.0 also added a
new artifact (06.05.04 Non-IP Storage Documentation), revised several artifact names, and updated
milestone definitions in light of current ICH practices (\**! blog.montrium.com).

e v3.2.1 (Mar 2021): A minor revision to refine definitions and fix issues from 3.2.0.

e v3.3 (Mar 2023) and v3.3.1 (Aug 2023): The latest version(s) at time of writing. These continue to extend
the artifact list and reflect real-world changes (for example, supporting complex trial designs and new
regulatory initiatives). (The TMF Reference Model discussion forum provides full release notes for each
version.)

These releases and dates are confirmed on the TMF Reference Model website's archive (1% tmfrefmodel.com).
Table 1 (below) summarizes the release history. Each new version has expanded or reclassified artifacts,
improved definitions, and adjusted the model's scope in line with industry evolution ("“ www.phlexglobal.com)
(2" www.veeva.com). Importantly, the core zone structure (see next section) has stayed intact throughout all
versions, ensuring continuity even as details change.

*kVersionkkx | *kRelease Datexx | *kNotable Highlightskk |

|

|

| vi.0 | June 4, 2010 (DIA) | Initial model published (11 zones defined, first taxonomy). |

| vi.1 | Feb 11, 2011 | Added regulatory input (MHRA/FDA), clarified definitions. |

| vi.2 | Dec 2, 2011 | Minor updates and artifact additions. |

| v2.0 | June 25, 2012 | Major expansion of artifacts (e.g. regulatory docs, communications). |

| v3.0 | June 16, 2015 | Overhaul aligning with risk-based monitoring; broad industry input (100+ vol
| v3.1 | Sept 10, 2018 | Improved clarifications; updated metadata. |

| v3.2.8 | Nov 2, 2020 | *Key update:* Added 612 customizable sub-artifacts (new column), new artifac
| v3.2.1 | Mar 1, 2021 | Minor editorial fixes and clarifications (maintenance release). |

| v3.3 | Mar 31, 2023 | Continued expansion for complex/global trials, additional standardized conter
| v3.3.1 | Aug 11, 2023 | Minor update to fix issues and improve usability. |

**Table 1. TMF Reference Model version history and key changes.x* Official resources list each versic

Source: TMF Reference Model Discussion Forum (official archive and release notes) (1°° tmfrefmodel.com).
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from the leading Al expert Adrien Laurent

As Table 1 shows, the TMF Reference Model has been continuously refined to keep pace with industry needs.
The community-driven process ensures transparency and consensus: for example, suggested changes (e.g.
adding new artifacts or columns) are voted on by the group before being included in a release. The sustained
involvement of sponsors, CROs, regulators and vendors over many years underscores the model’s credibility and
alignment with real challenges.

Structure and Content of the TMF Reference Model

At its core, the TMF Reference Model defines a hierarchical taxonomy of document categories. These
categories are called artifacts, which roughly correspond to folder names in a TMF. Each artifact has a defined
name, purpose/definition, associated milestones, and can have sub-artifacts or alternate names. The artifacts
are grouped into 11 high-level zones by function (see Table 2). Within each zone, artifacts are further numbered
and described.

The 11 zones (as of v3.x) are:

1. Trial Management - overall governance, committees, meetings, plans, and study documentation (e.g. TMF
Plan, Trial Steering Committee artifacts).

2. Central Trial Documents - study-wide documents that apply to the trial as a whole (e.g. Protocol,
Investigator's Brochure, Monitoring Plan, central lab manual).

3. Regulatory - submissions, authorizations and regulatory correspondence (e.g. IND, Clinical Trial
Application, regulatory approvals/amendments, annual reports).

4. IRBJIEC and Other Approvals - approvals from ethics committees or regulatory bodies (e.g. IRB/IEC
approvals, informed consent form approvals).

5. Site Management - documents related to site setup and conduct (e.g. site selection, initiation, monitoring
visits, site agreements, training).

6. Investigational Product (IP) and Trial Supplies — drug or device handling (e.g. IMP labeling, gap
inspection, reconciliation logs, IFU, etc.).

7. Safety Reporting — safety data and reports (e.g. SUSAR reports, DSUR, IND safety report).

8. Centralized Testing - central (lab/imaging/etc.) testing processes (e.g. lab certifications, external lab
results).

9. Third Parties — vendor/CRO management (e.g. vendor contracts, CRO qualifications, oversight reports).

10. Data Management - data collection and documentation (e.g. data management plan, CRF completion
guidelines, data listings).

11. Statistics - statistical analysis documents (e.g. Statistical Analysis Plan, analysis reports).

These zone names and artifact groupings are explicitly listed in the Reference Model documentation ('°!
blog.montrium.com). By grouping artifacts in this way (roughly corresponding to trial functions or departments),
the model helps teams find documents logically and ensures like-tems are co-located. For example, all safety-
related documents appear under Zone 07, while site-level documents are in Zone 05. (Table 2 below summarizes
the zones and sample artifact topics.)

| **kZonex* | sxkPrimary Focus*x | *+*Sample Artifactsxx |

| | I=
| *%1. Trial Managements* | Overall study governance and planning | TMF Plan; Study Master File Polic
| *x2. Central Trial Documents#** | Study-wide core documents | Protocol (and amendments); Investigatc
|
|

*%3. Regulatory#*x | Regulatory submissions and authorizations | IND/CTA dossier; Regulatory Approve
*%4. IRB/IEC & Other Approvalsk* | Ethics board and local approvals | IRB/IEC approvals; Expedited
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| *%5. Site Management** | Site selection, initiation, training, monitoring | Site CVs, Contract, Buc
| *%6. Investigational Product & Trial Supplies*x | Drug/device handling and logistics | IMP shipment
| *%x7. Safety Reporting#kx | Safety case reports and related documents | SUSAR/death reports; Data Saf
| *x8. Centralized Testing#*x | Central lab/XYZ/other specialized trial tests | Lab certification; Lak
| *%9. Third Partiess*x | Vendor and CRO management | Vendor contracts/SOAs; Delegation of Authority 1
| **1@. Data Managementsk | Data collection and database management | Data Management Plan; eCRF guic
| *%11. Statisticsx* | Statistical planning and reports | Statistical Analysis Plan (SAP); Randomizat

**Table 2.%* TMF Reference Model Zones and example artifact topics. Each “zone” groups thematically 1

The TMF RM defines artifacts in a numbered fashion within each zone (e.g. Zone 01.01, 01.02, etc.) with
descriptive names. Each artifact has a written “purpose/definition” explaining what documents it covers, and
may list file types and expected milestones (trial phases in which it should appear) (** blog.montrium.com).
For instance, artifact 02.01.02 might be “Final Protocol (including summary of changes and approvals)” with a
milestone indicating it should be finalized before first subject dosing. The model uses a controlled vocabulary
(e.g. CDISC tmf terminology) to ensure consistency. Because every trial is unique, the model also allows
"alternate names"” for artifacts and an explicit “/Recommended Sub-artifacts” field where an organization can
specify any additional record types it expects to file under that artifact. This latter feature, introduced in v3.2,
lets companies extend the taxonomy with minimal friction while still mapping to the common core (/¢!

blog.montrium.com).

In practice, organizations “implement” the TMF RM by mapping their own document list (either internal indexes
or paper filing plans) to the RM's artifact structure. For example, a sponsor might create a TMF Plan that lists
artifact numbers and names from the RM, and then assign each essential document to one artifact. As one case
study noted, Covance reworked its internal TMF index zone-by-zone, aligning each document type to the
corresponding TMF RM artifact so that “consistency with data governance and regulatory standards...required a
standard and efficient way” of filing documents (:?°! www.appliedclinicaltrialsonline.com). The process typically
involves key stakeholders (document managers, project managers, QA, regulatory leads) reviewing each zone
and deciding how to fold their existing files into the model. Importantly, adoption does not mean wholesale
tossing existing records; rather, many organizations gradually re-index active studies to the model standard,
while ensuring future SPACE documents use the unified structure. Those who onboard a new eTMF or update an

existing one often switch to the RM structure at that time.

Technical implementation generally involves configuring the eTMF system to recognize the model’s artifact
numbers and zone hierarchy. Most eTMF software vendors now ship pre-loaded TMF RM templates (folder
structures and metadata schemas), and CROs can request RM compliance in RFPs. Because the model is
vendor-neutral, it can be used with any eTMF or by paper filing squads alike. The TMF RM documentation
explicitly notes that IT is not mandated: organizations need not purchase any specific system, nor do they have
to adopt the model. However, if adopted, it greatly simplifies data exchange.

Implementation Considerations: Adaptation, Tools, and
Exchange

While the TMF Reference Model provides a reference structure, actual implementation can vary. Key
considerations include:
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e Customization vs. Standard Use: The model is not “one size fits all.” A sponsor may choose to adopt the TMF Reference
Model exactly as published, or adapt it. Common customizations include renaming certain artifacts to match internal
language, adding sub-artifacts relevant for a trial (e.g. if a unique trial process exists), or collapsing artifact entries that are
not needed. Version 3 introduced fields like "Alternate Name" and "Recommended Sub-artifacts” to support this flexibility
([6] blog.montrium.com). In practice, many organizations use the RM as a baseline and then document their deviations in a
TMF SOP. The CDISC guide even notes that organizations are “under no obligation to adopt” the RM, but it's often easier to

start with the RM and trim or extend as needed ([7] www.cdisc.org).

e Transition to eTMF: By the 2010s, most large sponsors were moving from paper TMFs (in binders) to electronic TMF (eTMF)
systems. The TMF Reference Model has been integral to this transition. Industry surveys show rapid uptake of eTMFs: for
example, a 2013 report found that only 32% of surveyed companies still maintained a purely paper TMF (down from 50% in
2010), with the rest using either fully electronic TMFs or hybrid paper/electronic systems ([261
www.appliedclinicaltrialsonline.com). Using the RM standardizes the eTMF folder structure from the outset, which
simplifies user training and system configuration. Many eTMF implementations now require that the system support the TMF

[4]

RM taxonomy (and as noted, RFPs routinely call out RM compliance) (‘' www.phlexglobal.com).

e Related TMF Tools and Guidance: The reference model effort has spawned companion tools to facilitate TMF management
across trials. Notably, the TMF Plan template (v2.0 approved Oct 2022) provides a recommended outline for a study’s TMF
Plan document, ensuring it covers elements consistent with the RM's zones. Sub-teams have developed TMF metrics
guidelines (defining quality metrics such as completeness by milestone) and dating conventions (rules on how and when
documents are dated) to support consistent filing. For example, in a TMF metrics reference presentation produced by the
RM group, they emphasize that "measurement is the first step that leads to control and eventually to improvement” in TMF
quality (‘27‘ studylib.net). While those materials are beyond the scope of this report, their existence highlights how the RM
project has matured into an industry best-practices resource (including inspection-ready TMF checklists).

e Exchange and Interoperability: One of the TMF Reference Model’s stated benefits is facilitating smoother exchanges of
TMF data between partners and regulators. However, a common document taxonomy does not automatically solve technical
data transfers between different eTMF systems. For that reason, a sub-team developed the eTMF Exchange Mechanism

Standard (eTMF-EMS). This is a specification (v1.0.2 published by CDISC) defining an XML schema and folder structure for

[28]

exporting/importing TMF artifacts between systems ( www.cdisc.org). In practice, a system can export a set of artifacts

into a file tree (organized by TMF RM artifact numbers) along with an exchange.xml index. The receiving system then
validates this file against the published XSD schema and imports the documents into the corresponding artifact slots (l28J
www.cdisc.org). This emerging standard promises to make sponsor—-CRO or CRO—-CRO TMF transfers smoother, by
ensuring that file naming, checksums, and metadata align with the TMF RM definitions rather than requiring custom
transformations. As of 2024 it is still gaining adoption, but it is a direct outgrowth of the TMF RM project’s goal of

interoperability.

Taken together, these implementation aspects show that navigating the TMF Reference Model involves both
adopting its taxonomy and integrating it into broader TMF management practices. The model is designed to be
flexible: it can be used in purely paper contexts, mapped into any eTMF database, or even implemented via an
Excel-based master index. But the consistent theme is alignment: whether through manual filing or automated
workflows, the artifacts in a TMF are most useful when they fit into the shared nomenclature and structure
defined by the Reference Model. This alignment is what delivers the cross-organizational benefits discussed
below.

Benefits, Impact and Industry Perspectives

Efficiency and Compliance

Adopting the TMF Reference Model yields concrete operational advantages. By standardizing how documents
are named and nested, sponsors dramatically reduce redundant work. A TMF index that follows the RM can be
reused across studies: once a company has configured its eTMF to the TMF RM, new study records are filed
according to a stable framework. This eliminates the common pre-RM inefficiency of “starting from scratch” for
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each trial ("°! www.appliedclinicaltrialsonline.com). In practical terms, companies report faster study start-up (less
time designing the TMF index), smoother handovers to CROs, and easier training for new personnel.

Regulatory compliance also improves. Auditors and inspectors can move through an RM-structured TMF
expecting uniform artifact names. For example, a GCP auditor will know exactly where to find “Monitoring Visit
Reports” or “Deviation Logs” because all studies using the RM will file those under the same artifact numbers. In
an RM-based eTMF, inspectors can even use metadata (standard artifact codes) to filter or search the system.
One applied-clinical-trials article notes that, thanks to the RM, “standards [are] promoted [to] increase quality
and reduce effort for all clinical trials” ("'l www.appliedclinicaltrialsonline.com). Indeed, the TMF RM is often
marketed not just as a compliance tool but as a quality and efficiency enabler () www.cdisc.org) ('
www.appliedclinicaltrialsonline.com).

A useful way to see the broad impact is from different stakeholders' perspectives. Table 3 (below) summarizes
key beneficiary groups and their motivations:

*xkStakeholderxx | *xBenefits from the TMF Reference Modelxx |

*xLife Science Companies (Sponsors/Biotechs)** | Ensures regulatory compliance with a one-stop mode

|
|
|
| **Contract Research Organizations (CROs)*x* | Consistency across multiple sponsor studies; simplifie
| **Clinical Trial Teams (Operations)x* | Uniform filing across studies means less confusion when swi
| **kRegulators/Inspectors*x | Standard artifact definitions make inspections more efficient; document
| *xeTMF Vendors/IT Providersx* | Pre—built support: vendors can implement one standard structure ins
| *xPatients & Public** (Indirect) | Indirect trust: a well-organized TMF underpins higher data quali

*xTable 3.%* Key stakeholders and how the TMF Reference Model benefits them. (Summary of industry pet

Sources: Industry analyses and case examples ("' www.appliedclinicaltrialsonline.com) (%)

www.appliedclinicaltrialsonline.com) (21 www.appliedclinicaltrialsonline.com) ({4} www.phlexglobal.com).

For example, Covance (now ICON) - a large CRO - explicitly cited the RM as enabling consistency across trials.
Before using the model, Covance'’s internal TMF structure for each study was bespoke and redundant ('’
www.appliedclinicaltrialsonline.com); after adopting the DIA TMF Reference Model, they could build a new study's
TMF by following the published zone structure and artifacts, rather than designing a new index. This was a
critical efficiency gain for their teams (I°' www.appliedclinicaltrialsonline.com).

Similarly, Pfizer's TMF Content Integration Lead reported that a single eTMF repository (structured on the RM)
provided “cohesive and centrally accessible” TMFs to global stakeholders (/'°
www.appliedclinicaltrialsonline.com). This not only streamlined collaboration (any team or country can see the
same structure), but also removed the operational burden of juggling multiple filing systems. The reviewer noted
that this eliminates “the need for extraction or providing access to content stored in more than one repository,”
which means fewer transfer steps at the end of a study and fewer version-control headaches ('°

www.appliedclinicaltrialsonline.com).

Even small and midsize companies benefit. A pharmaceutical consulting blog points out that for a small biotech,
a standardized model is "a best-practice blueprint” that saves scarce resources. It highlights that the TMF
Reference Model is stewarded by a volunteer steering committee and quotes an adoption rate of over 90% in
industry (°% www.justintimegcp.com). Whether from a global enterprise or a startup, the consensus is that a
common TMF structure reduces risk (of missing documents or non-compliance) and can accelerate timelines. In
fact, organizations using the TMF RM often report shorter preparatory intervals when audits or regulatory
submissions are due, because files have already been organized with inspection-readiness in mind.

Quantitative Evidence of Adoption
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While systematic surveys of TMF RM usage are rare, the available data and expert statements indicate very high
adoption. One multi-sponsor survey reported in 2013 showed that use of TMF RM was rising steadily. By early
2013, over one-third of respondents said they had implemented the model (up from a few percent in 2010), and
most organizations were at least mapping to it (°" www.appliedclinicaltrialsonline.com). Although detailed
numbers are scarce, industry voices consistently portray the model as ubiquitous. As noted above, one account
remarked that it is now nearly a given that any new eTMF project will use the TMF RM as its folder structure (/%!

www.phlexglobal.com).

The notion of near-universal adoption finds corroboration in vendor and consultancy commentary. As the
Veeva blog put it in 2015, TMF RM use had become a “near-standard” globally ("*" www.veeva.com). A 2025
overview for small companies explicitly claimed a ">90% adoption rate” of the model in industry (/%!
www.justintimegep.com). And a 2019 DIA/TMF working-group retrospective proclaimed engineers' vision realized
- "we knew this effort was going to make things much more efficient... and it was all worth it when just over a
year after [first meeting] we released v1.0" — implying widespread acceptance (°?! www.phlexglobal.com) (]

www.phlexglobal.com).

We can also indirectly infer trends: eTMF implementation has become the norm in clinical research. By the late
2010s, most sponsors report using or moving to fully electronic TMFs, and correspondent tool vendors routinely
support the RM taxonomy out of the box. In fact, one clinical trial consultancy noted the lack of standardized
structure as a bottleneck and urged companies to align on the TMF RM in order to automate. Taken together,
these sources leave little doubt that the TMF Reference Model is the de facto standard for TMF organization in
modern trials. (See Table 3 and references for illustrative comments.)

Case Studies: Real-World Implementations

To illustrate how the TMF Reference Model plays out in practice, it is instructive to examine real-world
experiences reported by industry professionals. Two published case studies (from Applied Clinical Trials
magazine) offer insight into how organizations adapted the RM and what benefits they saw:

e Covance (Director, e-TMF Business Lead, 2012) - Covance, a global CRO, recognized that its existing paper-based TMF
processes hindered efficiency. As quoted above, they found that without standardization “developing a TMF index for a new

33

study would be similar to starting from scratch each time” (%! www.appliedclinicaltrialsonline.com). Upon release of TMF
RM v1.0 in June 2010, Covance chose to rebuild their TMF structure around it. In 2011 they launched an internal project to
migrate to the RM: zone leaders surveyed all existing filing practices, mapped them to the new model, and defined a future-
state index. This required significant effort (each of 11 zones was reexamined thoroughly), but paid off in consistency. The
case report notes that by aligning to the RM, Covance ensured “consistency with data governance and regulatory standards”
and a "standard and efficient way"” of filing TMF documents ([34] www.appliedclinicaltrialsonline.com) ([35]
www.appliedclinicaltrialsonline.com). After implementation, new studies could start with a predefined TMF index template,
dramatically speeding initial setup. The RM also aided quality control, since audit-readiness procedures could reference
standard artifact names.

e Pfizer (TMF Content Integration Lead, 2012) - Pfizer described its transition to a centralized eTMF using the model. With

hundreds of ongoing trials, Pfizer leaders emphasized that consistent quality and standards were crucial ([361
www.appliedclinicaltrialsonline.com). By adopting a single unified eTMF (built on the RM index), Pfizer leveraged several
benefits. Stakeholders anywhere could access the complete TMF without confusion. On the technology side, integrating with
clinical trial management systems and analytic tools became easier because metadata (like document type and milestone)
was standardized. The case specifically notes that one key benefit was the elimination of managing content in multiple

[10]

repositories — a direct reference to the inefficiency of the old approach ( www.appliedclinicaltrialsonline.com). This

consolidation was only feasible because all teams agreed on the same TMF taxonomy (the RM) for filing their documents.

Other examples (though less formally published) reinforce these lessons. SMEs and consultancies report
helping biotech startups adopt the TMF RM with minimal customization, gaining inspector buy-in sooner. Large
companies often include TMF RM training in their SOPs. Moreover, because the model is maintained by an open
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industry process, even competing companies benefit: for example, an RM-derived "TMF Plan Template”
published in 2022 was reviewed by experts across 15 companies before approval, so no single sponsor purely
“"owns" it.

In summary, case studies and practitioner accounts consistently credit the TMF Reference Model with making
TMF management more efficient and reliable. Upfront effort to adopt the model is typically recouped by
smoother operations downstream. These real-world experiences, along with survey data and expert analysis,

support the conclusion that standardized TMF taxonomy positively impacts trial oversight, as highlighted in

11]

Table 3 above and references (¥ www.phlexglobal.com) ("' www.appliedclinicaltrialsonline.com) (-

www.appliedclinicaltrialsonline.com) (ol www.appliedclinicaltrialsonline.com).

Future Directions and Implications

As the clinical research ecosystem evolves, several trends and initiatives are shaping the future of TMF
standardization:

e Continued Model Updates: The TMF Reference Model will continue to be updated periodically. Each new version (v3.3.x,
etc.) can be expected to address emerging practices (e.g. decentralized trials, novel data sources) and feedback from users.
The core concept of zones and artifacts appears robust, but the model's scope may broaden. For example, specialized sub-
artifacts for new areas (like connected devices, or remote monitoring logs) could be added. Stakeholder involvement
remains vital: updates always go through a deliberative review by TMF governance committees before release.

e Integration with Global Standards: The TMF Reference Model sits within a larger landscape of clinical data standards.
There is ongoing work to link TMF content to other standards such as the Clinical Data Acquisition Standards Harmonization
(CDASH) and Study Data Tabulation Model (SDTM). For instance, documents describing data collection (e.g. CRFs, EDC
export) could be cross-referenced by unique identifiers, improving traceability from source data to TMF. Likewise, the model
is consistent with the CDISC metadata paradigm, and future TMF releases may further align with new CDISC controlled
terminologies. Harmonization with regulatory initiatives such as the EU Clinical Trial Regulation (536/2014) — which requires
trial documents to be archived and accessible - also means that a standardized TMF will facilitate Europe-wide compliance.

e Technology Enhancements (Al/Automation): Advances in artificial intelligence and machine learning are beginning to
affect TMF management. Companies are experimenting with tools that automatically classify incoming documents into RM
artifacts. For example, machine learning models can be trained on TMF folders to suggest the correct artifact for a new file
(based on content, file name, etc.). In 2024 and 2025, industry literature (e.g. PhlexGlobal blog, ClinicalTechLeader
columns) notes that Al can improve eTMF by handling repetitive tasks such as matching files to artifacts, detecting missing
documents at milestones, or checking date/page consistency. This future development relies on a fixed reference model:
automation works best when the categories (artifact definitions) are standardized. Thus, the TMF RM provides a foundation
for smart eTMF systems that boost efficiency and reduce human error in TMF filing.

e Regulatory and Industry Synergy: Regulators are increasingly scrutinizing TMF content and completeness (in part because
computerized systems make it easier). For example, recent FDA and MHRA guidance emphasizes inspection readiness and
documentation of oversight. A standardized TMF supports these goals. In the future, one can imagine regulatory agencies
expecting sponsors to use industry standards like the TMF RM when presenting TMF contents, much as they expect CDISC
standards for data. The TMF RM community also offers educational resources (e.g. webinars on TMF readiness) which align

with regulatory training initiatives.

e Global Collaboration: The TMF Reference Model effort has broadened geographically. Working group volunteers now
include members from Asia-Pacific, Latin America, and emerging markets, reflecting where trials are increasingly run. Future
versions may incorporate localization (for example, specifying documents required under Japanese or Chinese regulations).
The TMF RM initiative also spawned related global projects, notably the TMF Exchange Standard mentioned earlier. There
are opportunities for further international interoperability, such as connecting TMF systems across organizations or linking
TMFs with national trial registries. The model's flexibility will allow it to evolve in step with such innovations.

In summary, the TMF Reference Model is not a static checklist but an evolving framework. Its future implications
are promising: by providing a constant backbone to TMF documentation, it enables advanced technologies,
aligns with regulatory trends, and fosters global harmonization. Ultimately, the widespread use of the model may
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pave the way for a more integrated and automated approach to trial documentation, even as the volume and
sources of data continue to grow.

Conclusion

The Trial Master File Reference Model has established itself as the gold-standard filing system for clinical trial
documentation. Through collaborative, multi-stakeholder effort, it has delivered a clearly defined, adaptable
taxonomy that transforms the TMF from a siloed record into a structured asset. Organizations adopting the
model report significant gains: faster trial startup, reduced duplication, streamlined audits, and improved
collaboration among sponsors, sites, and CROs ("?) www.appliedclinicaltrialsonline.com) (1'%
www.appliedclinicaltrialsonline.com). The model's benefits — interoperability, quality, efficiency — have been

repeatedly underscored by industry experts (”” www.appliedclinicaltrialsonline.com).

Looking ahead, the TMF Reference Model will remain central to digital transformation in clinical research. It is
already the foundation for emerging standards in TMF data exchange ('*®) www.cdisc.org) and smart
technologies. As trial complexity and data volumes grow, having a shared language for essential documents will
be even more critical. Through its history of open development and iterative improvement, the TMF RM has
achieved broad acceptance, effectively becoming part of the “plumbing” of clinical operations. Regulatory
bodies have implicitly endorsed it by relying on inspection of documents that are now commonly organized by
the model, and future collaborations between industry and regulators will likely build on this alignment.

In sum, the TMF Reference Model is not merely a compliance tool; it is a strategic enabler of efficient, high-
quality clinical research. By bringing standardization and best practices to the heart of trial documentation, it
supports innovation in trial conduct and ultimately helps bring therapies to patients more reliably and swiftly.

References: All factual statements above are supported by authoritative sources including published guidelines

(ICH E6 ("' www.appliedclinicaltrialsonline.com) (eur-lex.europa.eu)), industry articles (Applied Clinical Trials ("""

10]

www.appliedclinicaltrialsonline.com) ([®! www.appliedclinicaltrialsonline.com) (['®! www.appliedclinicaltrialsonline.com))

1

vendor and consultancy publications (12" www.veeva.com) (%) www.justintimegep.com) (M) www.phlexglobal.com),

and the official TMF Reference Model documentation (‘! blog.montrium.com) (/) www.cdisc.org) (2%

[23

www.cdisc.org) (2% tmfrefmodel.com). These and other sources are cited throughout the report.
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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 including Scilex Holding Company
(SCLX) and leading CROs across North America.

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.
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