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[Revised May 10, 2026] This guide has been refreshed to reflect the status of eCTD v4.0 adoption as of mid-2026: the
FDA's voluntary acceptance window (since September 2024), the EMA's optional v4.0 pilot for new Centrally Authorised
Products (open since 22 December 2025), updated ICH M8 implementation packages (v4.0 IG v1.5, June 2025), and
recent regulator actions (Swissmedic, TGA, Health Canada, PMDA). Cross-checked external links in May 2026 — all
cited URLs (FDA, EMA, Swissmedic, TGA, ICH, Celegence, etc.) resolve successfully.

Executive Summary

The electronic Common Technical Document (eCTD) has revolutionized pharmaceutical regulatory submissions by
providing a standardized, machine-readable format for dossiers. Initially introduced as a digital equivalent of the paper
Common Technical Document (CTD), eCTD format is now the mandatory submission standard in virtually all major
markets. Its architecture — five CTD modules of PDFs linked by an XML “backbone” — enables efficient, traceable
updates throughout a product’s lifecycle (I*! jiccgroup.org) (www.swissmedic.ch). Every submission is a sequence in a
continuous dossier, and each change (new data, label update, etc.) is captured by explicit lifecycle operations (e.g.
New/Replace/Delete/Apend) in the metadata (*! globalforum.diaglobal.org) () billeveast.com). In practice, robust eCTD
lifecycle management ensures that maintaining, organizing, and reviewing dossiers over years is reliable: reviewers
always see the current integrated state without loss of historical context or duplication (°! billeveast.com)
(www.pharmaregulatory.in).

Key findings: Current global practice shows that eCTD is ubiquitous and often legally required in the US, EU/EEA, UK,
Japan, Canada, and many other jurisdictions (*/ globalforum.diaglobal.org). For example, the FDA mandated eCTD (v3.2.2)
for most NDA/BLA filings by 2016 (I°) www.accessdata.fda.gov), and now accepts the next-generation eCTD v4.0 (Layered
on HL7 RPS standards) as of September 2024 (I° www.ida.gov). Likewise, the EMA required eCTDv3 since the early
2010s, and has launched an optional eCTDv4 pilot in late 2025 (esubmission.ema.europa.eu). Authorities in Switzerland,
Australia, and others have formally adopted the ICH eCTDv4 guideline as well (www.tga.gov.au) (www.swissmedic.ch).

This report provides an in-depth analysis of eCTD lifecycle management, covering the technical foundations, regulatory
context, operational best practices, and future trends. We examine how eCTD’s XML backbone and file-structuring rules
govern sequencing of documents; how companies plan granular content and version control to minimize errors; and how
specialized publishing tools and validation processes have evolved to support this complex workflow. We also present
multiple case studies (for example, Boehringer Ingelheim’s early eCTD journey ("l www.appliedclinicaltrialsonline.com) (°)
www.appliedclinicaltrialsonline.com) and Clinigen’s dossier conversions) and expert commentaries on common pitfalls and
improvements. Data from industry sources and regulatory guidance documents are used throughout to quantify timelines
and outcomes (for instance, one eCTD publisher reports completing over 200,000 global submissions in recent years ('
ectdtool.com)).

Finally, the report explores future directions. eCTD format itself continues to evolve: v4.0 introduces unique document
identifiers, context-based grouping, and metadata keywords that enable unprecedented reusability and edit-ability (*”
www.celegence.com) (M www.celegence.com) (42 www.celegence.com). Beyond eCTD v4, regulators and sponsors are
pushing towards cloud-based, holistic data platforms (in line with HL7 RPS and IDMP standards) that promise a truly
“dynamic” regulatory ecosystem ("*°! www.frontiersin.org) (*“! vwww.frontiersin.org). The conclusion summarizes key
implications: eCTD lifecycle management is now a core competency for pharmaceutical companies. It underpins
compliance and agility in an era of digital submissions, and its ongoing enhancement will shape compliance costs, review
efficiency, and ultimately patient access to medicines. Stakeholders (industry, regulators, and technology providers) must
work together to ensure that life cycle operations, data integrity, and global harmonization keep pace with scientific and
digital innovation.

Introduction and Background
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Historical Context: From CTD to eCTD

The Common Technical Document (CTD) was developed by the International Council for Harmonisation (ICH) in the
early 2000s as a unified dossier structure for drug approval applications across regions ("' www.qbdgroup.com).
Implemented in 2003, the CTD’s five-module format (Module 1: region-specific admin, M2: summaries, M3: quality, M4:
nonclinical, M5: clinical) replaced various national submission formats (HGW www.gbdgroup.com) ([171 jiccgroup.org). This
harmonization greatly simplified the initial compilation of dossiers. However, as early as 1997 regulators recognized that a
purely paper-based or flat-electronic (e.g. PDF folders, known as “NeeS") approach was inefficient for ongoing changes.
The eCTD was conceived to provide a digital backbone and structured metadata for submissions (\*°

globalforum.diaglobal.org) (www.pharmaregulatory.in).

In 2008, ICH adopted the eCTD specification v3.2.2, formally approving it at Step 4 (*°/ www.qbdgroup.com). Since then,
its use has proliferated; eCTD “rapidly became the primary means of submission to the major markets,” and is today
accepted or required in the US, EU/EEA, UK, Japan, Canada, and many other countries (*/ globalforum.diaglobal.org).
Indeed, Swissmedic explicitly notes that the eCTD “optimises the management of medicinal product dossiers and their
lifecycle” (www.swissmedic.ch).By converging on eCTD, regulators achieved global interoperability: sponsors can
resubmit core modules (M2—M5 content) to multiple regions without reformatting, relying on the common structure (\*“
www.frontiersin.org) (www.pharmaregulatory.in).

However, simply standardizing the file layout was not sufficient. Early digital submissions (e.g. NeeS) left agencies having
to reconstruct the current “truth” of a dossier over multiple submissions with minimal context ([2”] globalforum.diaglobal.org).
The eCTD introduced enhancements specifically for lifecycle management: each document (or “leaf”) in a sequence is
assigned an ID and an explicit lifecycle operation (New, Replace, Append, or Delete) in the XML backbone (%!
globalforum.diaglobal.org) (°! billeveast.com). For example, a new clinical study report would be marked “New,” while an
updated protocol would be marked “Replace.” As one industry guide puts it, “you never edit a file in place” — one
always submits a new sequence and declares which existing leaf is superseded (www.pharmaregulatory.in). This design
ensures that regulators and publishers alike can trace every change: the XML metadata declares what changed at each
step, rather than requiring a human to guess from cover letter notes or file dates.

Over time, the ICH eCTD specification has been incrementally improved. An eCTD v4.0 effort began in 2010 (ICH M8
Working Group) and was endorsed by ICH in 2015, with further refinements (implementation guides, vocabularies) being
finalized as of 2024 (**! www.qbdgroup.com). The upcoming v4.0 aims at even greater global harmonization and modern
data handling (discussed below). Global agencies are now transitioning to v4.0: for example, FDA's CDER and CBER
have been accepting voluntary HL7-based eCTD v4.0 submissions since September 16, 2024 (1 yw.ida.gov), and the
EMA opened its optional v4.0 pilot window for Centrally Authorised Products on 22 December 2025
(esubmission.ema.europa.eu). As of mid-2026, the EMA pilot has reportedly received its first volunteer dossiers, and
FDA's v4.0 intake remains optional with no mandatory cut-over date announced. Other regulators (Australia’s TGA,
Health Canada, Swissmedic, Japan’s PMDA) have formally adopted the ICH M8 v4.0 guideline and are running parallel
readiness work (www.tga.gov.au). ICH has continued to refine the v4.0 Implementation Package (IG v1.5 and
accompanying controlled vocabularies released in mid-2025).

What Is eCTD Lifecycle Management?

“Lifecycle management” in the context of eCTD refers to the comprehensive process of keeping the electronic dossier up-
to-date, accurate, and aligned with regulatory requirements over the entire product lifecycle. Unlike a one-time
submission, eCTD dossiers are living documents. After the initial Marketing Authorization Application (MAA) / New
Drug Application (NDA), multiple post-approval changes (label updates, annual reports, variations/supplements) must be
submitted. The eCTD'’s architecture makes this tractable by supporting sequences of submissions. Each sequence
communicates only the changes since the last version: updated documents are flagged as Replace, new documents as
New or Append, and withdrawn documents as Delete.
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Effective eCTD lifecycle management ensures that:

« Version control is precise. Reviewers can see exactly which module and section each change affects, and why.
This eliminates confusion over which file is the current version.

« Traceability is maintained. Historical documents remain available in prior sequences (inactive or deleted leaf states
are preserved), so the full audit trail of the dossier is intact (www.pharmaregulatory.in).

- Efficiency is maximized. Sponsors avoid resending entire sections unnecessarily. For example, updating one study
report no longer forces resubmission of related protocols or appendices if unchanged.

« Compliance and quality are upheld. Built-in validation tools check folder structure, naming, hyperlink integrity and
other discipline-specific rules before transmission, catching errors common with manual processes (/%%
www.accessdata.fda.gov) (www.pharmaregulatory.in).

As a result, eCTD lifecycle management is both a procedural philosophy and a technical process. It encompasses
strategic planning (what content to update and when), editorial discipline (consistent file naming and leaf granularity),
rigorous quality control (searchable PDFs, bookmarks, link crawling), and the use of specialized publishing software. All
stakeholders — regulatory affairs teams, document managers, QC reviewers, and submission publishers — must
understand and execute these practices to navigate the “living dossier” effectively. The following sections explore the
many facets of this management process in depth.

Regulatory Framework and Global Adoption

International Standards and Guidelines

The eCTD format itself is an ICH standard: ICH M4(E) defines the CTD structure, and the ICH M2 working group built on
that to specify the eCTD V3.2.2 format (“8] globalforum.diaglobal.org) ([161 www.gbdgroup.com). All major regulators now
require adherence to these standards for submissions. For example, the FDA's eCTD Guidance (Rev. 8, 2020) mandates
the XML backbone schema, naming conventions, technical validation criteria, and even font-embedding rules for PDFs.
Similarly, the EMA, MHRA, and PMDA publish detailed technical guides (e.g., USDA CDISC Controlled Vocabularies, EU
eCTD Implementation Guides).

Because Module 1 (forms, labeling, administrative data) is region-specific, lifecycle management must also handle
regional differences. The ICH Common Electronic Submission Gateway (CESG) framework ensures that Masters
(modules 2-5) remain harmonized, while Module 1 follows local requirements. In practice, each region’s accepted forms
and metadata (e.g., US electronic forms in FDA's “regional.xml”, EU Article 58 requests, Japan’s prescribed outline) must
be integrated into the eCTD package according to local rules. Sponsors must therefore manage a core global dossier,
supplemented by regional M1 content that can vary by sequence if needed.

Regulatory authorities leverage the eCTD format to enforce submission rules. For example, as of 2008 the FDA phased
in mandatory eCTD for NDAs, BLAs, and other major submissions: within 24 months of final guidance FDA required all
original NDAs/BLAs and associated efficacy supplements to be in eCTD (I*) www.accessdata.fda.gov). Similarly, Japan's
PMDA and Health Canada issued eCTD mandates around the same timeframe. These deadlines, once met, shifted the
industry fully onto electronic submissions. Health agencies typically provide validation gateways (connectivity and
automated checking) where sponsors must successfully transmit a compliant eCTD before it is accepted.

For lifecycle events (post-approval changes, labeling supplements, variations, annual reports), agencies specify how to
use sequences and metadata. In the EU, for instance, any variation or renewal must be submitted as an eCTD sequence
referencing the original MAA (Module 1 sequence numbering follows the variation classification, with forms updated
accordingly). These rules vary by country: the EU has a complex variation typology (Type IA/IB/Il, line extensions, etc.)
with procedural timelines, while the US uses supplements (major, moderate, minor) and annual reports likewise need
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eCTD sequences. Despite these differences, the underlying mechanism is the same: lifecycle updates are enveloped as
new sequences with clearly marked changed documents.

Global Implementation Timelines

Because eCTD adoption occurred at different paces in different regions, companies often manage multiple submission
systems in parallel (e.g., U.S. eCTD, EU eCTD, Taiwan eCTD, PMDA eCTD). Table 1 summarizes the status of eCTD
implementation in key jurisdictions (pairing v3 and v4 timelines).

Region/Agency Initial eCTD Mandate eCTD v4 Status References
5
eCTD v3.2.2 mandated for NDAs/BLAs by ~2016 (24 months after final guidance) ([J] eCTD v4.0 accepted (voluntarily) from Sept 16, 2024 ([G]
United States (FDA) [32], [16]
www.accessdata.fda.gov). www.fda.gov).
4
eCTD v3 recommended/mandatory by ~2010 for MAAs (L ] eCTD v4.0 optional pilot for new CAP MAAs from Dec 22, 2025
EUIEEA (EMA) [59], [14]

(esubmission.ema.europa.eu).

globalforum.diaglobal.org).

4
Switzerland eCTD v3 used (aligned with EU/ICH timelines) ([ ]
Swi di . ICH eCTD v4.0 guideline adopted (July 2024); v4 rollout pending. [59], [22]
(Swissmedic) globalforum.diaglobal.org).
N ) . . ICH eCTD v4.0 guideline adopted (July 2024) (www.tga.gov.au);
Australia (TGA) eCTD v3 (with local Module 1) since 2019 (MESAGO system adoption). . [22]
planning v4.0.

Canada (HC) eCTD v3 required for NDAs by ~2015 (Health Canada technical guides). Preparing transition (no firm v4.0 date yet). 591
Japan (PMDA) JMS eCTD (Japanese M1 + ICH M2 engine) mandatory for new submissions. Participating in eCTD v4 pilots (Nov 2025 IFPMA conference pilot).
United Kingdom . o

eCTD mandated by 2021 (adopted EU standard). Expected to align with EU eCTD v4.0 (post-Brexit alignment). 59]

(MHRA)

Table 1: Adoption of eCTD across regions. “eCTD v3” refers to the ICH v3.2.2 standard; “eCTD v4” refers to the new
ICH/HL?7 specification. Sources include ICH/EMA announcements and regulator communications
(esubmission.ema.europa.eu) (( www.fda.gov) (www.tga.gov.au) (*! globalforum.diaglobal.org).

Notably, all major regulators now call eCTD standard. Loebel et al. (2024) emphasize that after its 2008 approval,
eCTD “is now accepted—and required for most submissions—in the US, EU/EEA, UK, Japan, Switzerland, Canada,
South Korea, China, Taiwan, and the countries of the Gulf Cooperation Council” (“) globalforum.diaglobal.org). Others are
following suit: Brazil, Mexico, Egypt, and Singapore are implementing eCTD, while more are considering it. In short, any
global pharmaceutical project must plan for eCTD lifecycle management across multiple jurisdictions.

Regulatory Benefits of eCTD

From the regulatory authorities’ perspective, the shift to eCTD brought several advantages:

« Uniform Review Process: Having dossiers in a consistent digital format allows health agencies to use common review tools. Examiners
can navigate PDF bookmarks, search for keywords, and jump to anchors far faster than with scanned paper. The XML index makes
queries trivial (e.g., find all clinical study protocols in one click). This consistency also reduces training gaps between regions.

« Audit Trail and Transparency: eCTD’s sequence numbering and XML metadata ensure that regulators can always reconstruct the
dossier’s history. They see explicitly what changed in each update, so they never have to guess which document is the current one ([2]
globalforum.diaglobal.org) (www.pharmaregulatory.in). For example, the ability to use a “Delete” operation means regulators know
which obsolete documents were intentionally removed, preserving auditability.

« Data Integrity and Security: Digital submission gateways incorporate file validation (no corrupted files, correct naming) and message
acknowledgments. This prevents entire segments of data loss that could happen with, say, fax or mailed CDs. Moreover, secure
transmission protocols (and often encryption) improve the confidentiality of sensitive data.
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+ Review Efficiency: Because eCTD content is searchable and interlinked, reviewers can handle applications more efficiently. They can
crosslink claims in Module 2 summaries to tables in Module 3-5, speeding up inspection of data. As noted by Macdonald et al. (Frontiers

2021), multidisciplinary review becomes “much easier” with standardized electronic dossiers ([13] www.frontiersin.org) ([14]
www.frontiersin.org).

« Global Harmonization: Technical alignment encourages mutual recognition and (increasingly) parallel submissions. For example,
simultaneous global submissions (Japan, EU, US) can share much of the same M2—M5 content in parallel sequences, with only minimal
differences in Module 1, streamlining global development strategies.

These regulatory efficiencies are echoed in practice. Swissmedic explicitly states that eCTD “optimises the management
of medicinal product dossiers and their lifecycle” (www.swissmedic.ch). Pharma Regulatory (an industry site) notes that
eCTD'’s structured XML backbone was designed so reviewers never have to “guess which file is operative,” enabling a
transparent view of baseline, changes, and current state (www.pharmaregulatory.in) (www.pharmaregulatory.in).

Despite these benefits, regulators remain vigilant during eCTD submissions. Common tech rejections (invalid anchors,
wrong section placement, missing metadata) are still a concern (*?/ www.accessdata.ida.gov) (Www.pharmaregulatory.in).
Nonetheless, the consensus is that eCTD has vastly improved submission quality compared to paper and ad-hoc
electronic formats. As the process matures, the focus shifts to further automating and data-enriching the lifecycle (as in
eCTD v4.0 and RPS), rather than reverting to older modes. The rest of this report will detail how companies carry out this
lifecycle management under current standards, backed by data and expert guidance.

Technical Structure of eCTD

The XML Backbone and File Organization

At its core, an eCTD submission is a ZIP (often with an envelope) that contains PDF documents and an XML index file
(the backbone) (1! jjccgroup.org) (www.pharmaregulatory.in). The backbone represents the CTD’s hierarchical table of
contents (modules, sections, and entries) in machine-readable XML. Each entry (or “leaf") in the backbone points to a
specific document PDF file. For example, Module 3 (Quality) might have a leaf “CMC 3.2.P.2.1 Drug Substance —
General Properties” linking to a file “placeholder-12345-3.2.P.2.1.pdf".

Key elements of the eCTD backbone and packaging:

e Modules 2-5 Structure: For CTD Modules 2-5 (the scientific summaries and reports), the hierarchy is fixed by ICH M4. Each leaf must
have a stable title and code (matching ICH-recognized headings). The XML schema enforces correct nesting under sections (e.g., a study
report files under 5.3 Clinical Study Reports etc.), ensuring a reviewer-friendly layout (www.pharmaregulatory.in).

« Module 1 (Regional Content): The structure of Module 1 differs between regions. For U.S. eCTDs it follows FDA's regional guidance
(with forms, labeling, correspondence under folders like 1.2, 1.3, 1.8, etc.). The XML must include a “regional.xml” that has metadata for
the submission (application number, sponsor, type of submission). In Europe, Module 1 is separate (the M1 eCTD Backbone) with many
slot-specific subfolders (1.2, 1.8, 1.14, etc.) per EMA requirements. Japan and other countries have their own Module 1 schema as well.
Sponsors manage this by maintaining distinct module-1 content per region, but the core content (Modules 2-5) is identical.

+ File Naming and Titles: eCTD mandates rigorous file naming conventions. Each file name encodes its module/section and a unique
“leaf title.” For instance, the file m3_2_2_3_atg_labels.pdf might represent an alternate treatment group labeling document. Leaf titles
should be human-readable and stable across submissions (no calendar dates, avoid “draft” flags, etc.) (www.pharmaregulatory.in). This
allows the backbone to match a “Replace” operation cleanly: if a new file has the same title and a “replace” flag, the old leaf retires and
the new one takes its place. In practice, sponsors manage a spreadsheet or repository of canonical titles so that changes (e.g. “Protocol —
Amendment 1” to “Protocol — Amendment 2”) follow clear numbering conventions (www.pharmaregulatory.in).

« Lifecycle Operations: Four operations are allowed for each leaf in a sequence:

* New (N): The leaf is entirely new to the dossier, no predecessor. Used for new studies, new sections, or the first submission.
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* Replace ®: The leaf replaces a prior version (same content title) in an earlier sequence. The old leaf becomes inactive. This is the
workhorse for updates (e.g. an updated study report).

« Append (A): The leaf is new but conceptually adds to an existing set of documents. It does not replace anything, but it is explicitly linked
in context (often by appendix ID or study number). For example, adding a new cohort’s dataset might append to previous ones.

« Delete (D): The leaf is removed from current view (no longer active) but kept in history for traceability. It should be used sparingly —
typically only to withdraw a document that was submitted in error. As a best practice, most superseded content should be handled by
Replace rather than Delete (www.pharmaregulatory.in) so reviewers do not lose continuity.

The backbone’s <sequence> element contains <operation> attributes for each leaf indicating exactly which of the
above was used. For instance, if a new clinical study report is added, its <operation>New</operation> tag signals to
the agency that this content did not exist before. Likewise, Billeveast (2025) summarizes: “each submission is a
sequence, and the metadata in the XML backbone records exactly what was changed: which files were replaced,
appended or deleted” (©°! billeveast.com). This explicit marking is what makes the eCTD a living dossier with a clear audit
trail.

« Controlled Vocabularies: eCTD v3.2.2 also relies on region-specific controlled vocabularies for terms like country
names, application types, product names, and facility names. These must be used consistently in Module 1 and
regional metadata. For example, the FDA requires use of the “FDA controlled vocabulary” for many fields. Using
standardized terms prevents ambiguous or mismatched data from one sequence to another.

Quality and Validation

Each sequence must pass a rigorous technical validation before submission. FDA and EMA both provide free validation
tools (FDA's eCTD Validator and EMA's eCTD Gateway/Validation Tools) that check:

« Folder Structure and File Names: Are all module/section folders correctly named and ordered? Is every leaf title
unique within its section? Are the PDF filenames correctly encoded and matching the backbone entries?

« XML Schema Compliance: Is the XML well-formed and schema-valid? This includes checking that all required
elements (e.g. identification blocks, document-id numbering, linkage of replaces) are present.

« File Format and Sizes: Are PDFs (or allowed audio/video formats) properly formatted, searchable, and below
maximum file sizes? For instance, the FDA requires PDFs to allow text extraction (no scanned images) and warns if
text ratio is low. Overly large PDFs (often >100 MB) may be flagged.

« Hyperlinks and Bookmarks: The backbone XML must list every hyperlink and bookmark target. Running an
internal crawler to verify that each intra- and inter-document hyperlink resolves correctly (to a section anchor, figure
or table) is a best practice. Broken links or missing anchors will cause reviewer confusion and can even trigger
rejection.

Tech rejections are most often due to overlooked validation errors. FDA's own training notes list common eCTD
rejections: duplicate sequence numbers, mismatched application IDs, corrupt files, or missing form sections (I
www.accessdata.fda.gov). Industry guidance stresses automated QC: for example, Pharmaregulatory.in recommends three
layers of checks before submission — content quality, publishing hygiene, and final validation (see box in Table 2)
(www.pharmaregulatory.in). In practice, companies often use specialized eCTD publishing software (like PICS, Lorenz,
Extedo, or freyr’s platform) which integrates these checks into the authoring workflow. Editors will run multiple validation
passes (against FDA, EMA, MHRA rulesets) until the only issues potentially remaining are minor warnings.

Lifecycle Workflows and Best Practices
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Proper lifecycle management goes beyond technical compliance — it also requires editorial and organizational discipline.
A few best-practice themes recur:

« Granularity Planning: Choose a consistent “unit of change” for each document (often one PDF per distinct report, study, or section).
Overly granular splitting can lead to too many small replaces (and link complexity), while giant combined PDFs can frustrate navigation.
The goal is that any modest change affects a minimal number of leaves. Pharmaregulatory advises: “stability may be split by
product/pack/condition to align with shelf-life decisions... oversize, all-in-one PDFs become unreviewable; hyper-fragmentation creates
fatigue and replacement churn” (www.pharmaregulatory.in). Efficient granularity also helps minimize replace-depth (only parts of the
dossier that truly change get updated).

« Title Governance and Leaf Catalog: Maintain a master catalog of canonical titles for all recurring documents. If in one sequence a file
3.1.P.7.4 is titled “Validation Report — Assay X v1” and in the next “Validation Report — Assay X v2”, the system recognizes it as the same
document (just updated). Altering the title slightly (adding date or process) can confuse the backbone’s replace logic. Therefore,
companies create naming conventions (usually section-subject-version) and enforce them. As one expert advises: “Do not embed dates
or draft statuses that will change; put those in metadata. Titles should encode section + subject + specificity” (www.pharmaregulatory.in).
For example: “3.2.P.5.3 Potency Assay Validation—Cell-Based (Lot 123 RS v2)" is self-descriptive and stable.

« Leaf Operation Strategy: Plan what operation to use for each change in advance. Pharmaregulatory suggests making a “register” of
which leaves are commonly updated (e.g. labeling, stability data) and under what rules they get replaced vs append. For instance, if a
vast Clinical Study Report (CSR) has a minor correction in an appendix only, one can append a new appendix file rather than replacing
the entire CSR (if allowed). Conversely, if any core part of the CSR changes, then the whole CSR leaf should be replaced to preserve
context. Specifying these rules in advance prevents accidental mismatches (e.g. appending but forgetting to mark the operation correctly)
and “orphaned” content (www.pharmaregulatory.in).

« Backbone Diff Review: Before sending each sequence, it is practice to review the diff of the new backbone versus the previous one.
This shows which leaves are flagged new/replace/delete. A human reviewer should verify that only intended documents changed. Any
unexpected “New” on an already-known leaf likely indicates a title mismatch or XML error. Likewise, unexpected “Delete” or “Append”
could break traceability. Tools can generate a visual “tree view” of the changes to aid this final sanity-check.

« Quality Control Workflow: A robust QC gate is essential. Typical steps include (as summarized in Table 2): proofreading content,
technical QC of PDF format (searchability, bookmarks), automated XML/backbone validation, and a final department-level cross-check of
changes. Some organizations designate a “publishing coordinator” to oversee the final package. Following a systematic pipeline
(authoring - scientific QC - technical QC — finalize sequence — transmit) dramatically reduces rejections, albeit adding overhead.

Given all these layers, it is not surprising that specialized publishing teams exist in large companies, and many small-to-
mid pharma outsource eCTD publishing to experts (just as Clinigen did when converting an EU dossier for Australia (!
www.clinigengroup.com)). Outsourcing eCTD tasks can save resources but still requires tight sponsor oversight: as one
case noted, using a SaaS publishing tool allowed Boehringer Ingelheim to “focus on research and development” while the
vendor handled updates and validator maintenance (*°! www.appliedclinicaltrialsonline.com) (!

www.appliedclinicaltrialsonline.com).

Table 2. Layers of eCTD Quality Control (QC) — Best-practice checkpoints in a typical eCTD publishing workflow
(adapted from industry guidance (www.pharmaregulatory.in) (www.pharmaregulatory.in)). Each layer must be passed
cleanly before submitting a new sequence:

Step Activities

Auth P . Use standardized templates (consistent headings, units, terminology) and leave placeholders for anchors/bookmarks. Ensure all data tables agree with source data [531L36-L44].
uthoring/Preparation
o/Prep Perform an internal scientific QC (narrative vs numbers, labels vs data, etc.).

b tac Convert all files to final PDF. Check each PDF is fully searchable (no scanned images without OCR). Ensure all figures/tables are legible (font >9pt, clear labels)
ocument
(www.pharmaregulatory.in). Verify a table-of-contents or bookmarks to appropriate depth (so reviewers need few clicks) (www.pharmaregulatory.in).

Assemble the sequence using eCTD software. Verify each leaf has the correct operation (N/R/A/D). Check that titles and section-numbers are correct. Use a staging preview of the

Publishing (XML,
9 ) backbone to confirm which old leaves are being replaced/deleted. Enforce no duplicate leaf titles in the sequence (www.pharmaregulatory.in) (www.pharmaregulatory.in).

Validati Run the official eCTD validators for each target region. Fix all schema errors, naming errors, and hyperlink/bookmark errors. Use a link-crawler that clicks every intra-sequence link
alidation
and ensures it lands on the intended table or figure (www.pharmaregulatory.in) (www.pharmaregulatory.in). Only when the validator shows no errors should transmission proceed.

Prepare the eCTD “packaging” (usually FDA/EMA regions). Include a precise cover letter summarizing changes (the FAQ guidance emphasizes clear summaries of each replaced
sequence). Transmit via the electronic gateway; retain all acknowledgments and validation logs for audit. Archive the sequence package and related QC logs for traceability (the
entire sequence file set plus cover letter and validation report) (www.pharmaregulatory.in).

Final Checks &
Submit
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Through such disciplined procedures, eCTD lifecycle management becomes a predictable, auditable process rather than
an ad-hoc scramble. The remainder of this report assumes such baselines and focuses on deeper aspects of lifecycle

content and data management.

Lifecycle Operations in Practice

“Sequences” and Version Control

Within an eCTD context, every submission is labeled as a sequence number (sometimes called “Sequence” or “eCTD
Sequence Number”). It typically starts at 0000 for the original (initial) application aand increases by 1 for each new
update. For example, an original MAA may be sequence 0000; the first response or amendment sequence is 0001, then
0002, and so on. In Europe, the first approved application is sequence 0000, and any variation has its own numbering
scheme (the eCTD M1 residue contains updated forms indicating the variation type).

Conceptually, the sequences form a chain that accumulates the dossier over time (regular submissions after approval,
such as safety updates, are often labeled as “Period 1 (IAIN)” etc in the EU). The key point is the master dossier grows
incrementally rather than being replaced wholesale. This means an older document may live in the final dossier in
sequence 005 even though its last update was in sequence 002; sequences 003—005 simply didn’t change it.

Because of this, reviewers rely on the “backbone resume” at each sequence to know what the current repository of
documents is. Any automation or archiving system must reconstruct the current state by starting with sequence 0000 and
applying each sequence’s New/Replace/Delete logic in turn. Life cycle management hinges on correct application of
these operators:

« New (N): Creates a new leaf that the reviewer has never seen. Use this for entirely new content (e.g. a newly
reported study, or a module introduced for a new aspect of the dossier). The new leaf persists in all subsequent
sequences unless later replaced or deleted.

« Replace ®: Supplants an existing leaf. The previous leaf becomes inactive from this point. For example, if an initial
clinical study report (leaf A) is found to have an error, the next sequence would submit a corrected report (leaf B)
using Replace, flagging that it supersedes leaf A (www.pharmaregulatory.in). Replace should be used whenever the
updated content is a direct successor.

« Append (A): Leaves existing content untouched, but adds an additional new leaf that is logically connected. A typical
use-case is labeling: e.g., submitting a revised package insert (the old one remains for reference, and the new
version is appended). In append, the old and new documents coexist (old is not deleted or replaced), but the new
one is considered part of the current package view. In the XML, the appended leaf is noted as “Append” under its
parent section.

« Delete (D): Excludes a leaf from the current dossier view, while preserving its record in history. This is rarely needed
except to withdraw an erroneous document. Pharmaregulatory cautions that “overuse [of Delete] can confuse
reviewers trying to reconstruct your argument” (www.pharmaregulatory.in). It is generally safer to mark new content
as Replace (keeping continuity) and use Delete only when something was wrongly included. When a leaf is deleted,
it no longer appears to the reviewer in the current sequence, but regulators still see it in prior sequences for audit.

Table 3 illustrates the conceptual difference between these operations in a dossier context:

Operation ~ When to Use Effect on Dossier Example Source
Submitting content not seen in any . First submission of a Module 3 section (e.g. first CMC

New (N) Anew leaf is added; no existing leaf is removed. —
prior sequence. report).
Updating/revising a previously The old leaf is REMOVED from current view; new leaf Submitting a corrected clinical study report superseding

Replace ® (www.pharmaregulatory.in)
submitted document. takes its place (old remains in history). sequence 001's version.
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Operation ~ When to Use Effect on Dossier Example Source
[3]
Append Adding a supplementary document Anew leaf is ADDED, but existing related leaves Appending a new section of labeling while keeping prior (
(A) alongside existing ones. remain active; no leaf is explicitly removed. label version (perhaps during label revision process). b\\leveast.com)
Withdrawing an obsolete or mistakenly ~ The specified leaf is removed from current view; it no Deleting a mislabeled chart that was accidentally filed in
Delete (D) ) . . o (www.pharmaregulatory.in)
submitted document. longer appears, but is preserved in audit trail. Module 2.

Table 3: eCTD lifecycle operations. “Leaf” refers to an individual document in the eCTD backbone. See Loebel (2024),
Billeveast (2025), and industry guides (¥ globalforum.diaglobal.org) () billeveast.com) (www.pharmaregulatory.in) for further
explanation.

Applying these operations correctly is the essence of lifecycle control. A practical illustration: suppose a company’s
dossier includes a Module 3 stability report (leaf S1) and, months later, new stability data become available. A new report
S2 is authored. If only S2 is relevant going forward, the publisher uses Replace on S1 (so S2 supersedes S1), or possibly
Append if both old and new are meant to coexist (less common). Conversely, if an outdated impurity finder sheet is
wrong, one might Delete it (thus it vanishes from the reviewer’s view).

Consistency of operations is crucial. The XML backbone record must accurately reflect the intent. For example, a “new
protocol” should always be tagged New, not Replace, otherwise the agency may think it supersedes another protocol.
Tools can help: modern eCTD software often shows a draft of the “leaf operations list” and flags potential mistakes (e.g.
linking a New to no parent, or using Replace on something with no match). As one expert warns, “wrong lifecycle
operations (such as ‘new’ used where ‘replace’ was needed) [create] parallel versions” and confusion
(www.pharmaregulatory.in).

Sequence Examples and Strategies

Because a product can be on the market for decades, eCTD sequences may accumulate into the hundreds. Strategic
planning helps minimize “churn.” Some recommendations include:

« File Granularity: Aim so each leaf corresponds to a coherent, reviewable chunk. For standard documents (e.g. CSR, protocols,
validation reports), one leaf per document is typical. Some sections (e.g. Ingredient specify) may comprise many single-page PDF leaves.
Avoid extremely large aggregate PDFs (which take time to open) or extremely small ones (which increase link complexity). The table-of-
contents logic (as Cencora Pharmalex describes) should let a reviewer reach any data point in two clicks (www.pharmaregulatory.in).

« Branching for Multiple Products/indications: If an application involves multiple dosage forms or indications, repeating sections may be
needed. eCTD v3 allows “Attributes for repeating sections” by repeating folder nodes (e.g. Module 5 subfolders per study). The listing in

Loebel (2024) of v3 features includes support for multi-product attributes (LZJ globalforum.diaglobal.org). In practice, a sponsor may
submit separate sequences for each sub-application or carefully label files to associate them with specific products. The newer eCTD v4
aims to improve this with explicit context grouping (see Future Outlook).

« Consolidation vs. Banking: Some companies choose to maintain a “master sequence” by repeatedly uploading cumulative changes,
while others bank each response as a separate standalone sequence. The former keeps historical context tied to one product file, but can
become large. The latter resets Tracking ID and may require reminders of context. Either approach is used in industry; the important
piece is the consistent numbering and notes so regulators know where to find content.

« Case Studies: Real-life examples highlight these practices. For Boehringer Ingelheim, eCTD readiness was planned well before
enforcement. They deployed a SaaS eCTD publisher (ISI's eCTDXPress) which interfaced with their Documentum repository (1251
www.appliedclinicaltrialsonline.com). They met their self-imposed eCTD deadline (under one year), and in the long run they estimate
eCTD processes shaved about two weeks off their submission timeline (LgJ www.appliedclinicaltrialsonline.com). Their experience
stressed that automation and integration (e.g. drag-and-drop import of study documents) are key to speed (|26|

www.appliedclinicaltrialsonline.com) (M www.appliedclinicaltrialsonline.com).

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 10 of
reserved. 22


https://billeveast.com/ectd-lifecycle-management-essential-guide/#:~:text=When%20a%20company%20submits%20a,result%2C%20reviewers%20always%20see%20a
https://billeveast.com/ectd-lifecycle-management-essential-guide/#:~:text=When%20a%20company%20submits%20a,result%2C%20reviewers%20always%20see%20a
https://www.pharmaregulatory.in/building-a-valid-ectd-sequence-standards-tech-rejection-traps-and-a-bulletproof-qc-checklist/#:~:text=Understand%20delete%20operations%3A%20they%20remove,small%20diffs%20can%20have%20big
https://globalforum.diaglobal.org/issue/july-2024/how-did-we-get-here-a-history-of-ectd-and-prospects-for-ectd-4-0/#:~:text=,as%20indications%2C%20products%2C%20and%20substances
https://billeveast.com/ectd-lifecycle-management-essential-guide/#:~:text=When%20a%20company%20submits%20a,result%2C%20reviewers%20always%20see%20a
https://www.pharmaregulatory.in/building-a-valid-ectd-sequence-standards-tech-rejection-traps-and-a-bulletproof-qc-checklist/#:~:text=Understand%20delete%20operations%3A%20they%20remove,small%20diffs%20can%20have%20big
https://www.pharmaregulatory.in/building-a-valid-ectd-sequence-standards-tech-rejection-traps-and-a-bulletproof-qc-checklist/#:~:text=Most%20technical%20rejections%20are%20predictable,protected%20documents%20that%20gateways%20refuse
https://www.pharmaregulatory.in/building-a-valid-ectd-sequence-standards-tech-rejection-traps-and-a-bulletproof-qc-checklist/#:~:text=EU%20comparators%20for%20portability,titles%2C%20bookmarks%2C%20and%20hyperlink%20targets
https://globalforum.diaglobal.org/issue/july-2024/how-did-we-get-here-a-history-of-ectd-and-prospects-for-ectd-4-0/#:~:text=,as%20indications%2C%20products%2C%20and%20substances
https://www.appliedclinicaltrialsonline.com/view/case-study-esubmissions#:~:text=,a%20fit%20as%20the%20software
https://www.appliedclinicaltrialsonline.com/view/case-study-esubmissions#:~:text=,a%20fit%20as%20the%20software
https://www.appliedclinicaltrialsonline.com/view/case-study-esubmissions#:~:text=Since%20first%20implementing%20ISI%20software,%E2%80%94Kerri%20Nelen
https://www.appliedclinicaltrialsonline.com/view/case-study-esubmissions#:~:text=Drag%20and%20drop%20capabilities%20allow,submission%20in%20a%20few%20steps
https://www.appliedclinicaltrialsonline.com/view/case-study-esubmissions#:~:text=Drag%20and%20drop%20capabilities%20allow,submission%20in%20a%20few%20steps
https://www.appliedclinicaltrialsonline.com/view/case-study-esubmissions#:~:text=Since%20first%20implementing%20ISI%20software,%E2%80%94Kerri%20Nelen
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-lifecycle-management-a-guide-for-regulatory-submissions.pdf
https://intuitionlabs.ai/articles/ectd-lifecycle-management-guide?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-lifecycle-management-a-guide-for-regulatory-submissions.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-lifecycle-management-a-guide-for-regulatory-submissions.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech eCTD Lifecycle Management: A Guide for Regulatory Submissions

« Another example is Clinigen (a specialty pharmaceutical services company) helping a mid-sized sponsor. Clinigen recounts converting

an EU-format eCTD into an Australian eCTD to satisfy TGA requirements ([24] www.clinigengroup.com). This underscores that lifecycle
management is often regional: each health authority may have subtle format or content demands. They achieved timely market entry by
leveraging regulatory publishing expertise, which aligns with a broader industry trend of outsourcing complex eCTD tasks.

Altogether, these operational details—correct folder placement, title consistency, staging reviews, and strategic use of
lifecycle operations—constitute what companies refer to as their eCTD publishing discipline. Mastery of these elements
underpins the integrity of the submission chain. Figures 1-2 (below) provide visual examples of sequence chains and
backbone usage in simple scenarios. (In a final typeset version these would be custom diagrams; here we describe them
abstractly.)

Example: Updating a Clinical Study Report

Consider a simplified scenario: a company has submitted an original application (Sequence 0000) including Clinical
Study Report (CSR) for Study A as leaf CSR_A_v1. After review, the authority asks for minor corrections to Study A (e.g.,
an error in a table). In the next sequence (0001), the sponsor has two viable plans:

1. Replace the CSR: They create a new CSR PDF (CSR_A_v1.1) incorporating the changes, and in the backbone mark CSR_A v1.1 as
Replace with old leaf CSR_A_v1 (now inactive). The reviewer’s view of the dossier will see only CSR_A_v1.1 (the new correct version).
This is simple but resubmits possibly many pages of molten PDF if only one table changed.

2. Append and Replace Carefully: Alternatively, the sponsor could append a correction or an additional appendix rather than fully
replacing the CSR. The spine of best practice is often to keep one CSR leaf rather than fragment it. Typically, the straightforward
approach is to Replace the CSR (option 1). If the change were extremely small (e.g. a footnote), some companies might append a short
erratum doc and replace only the relevant appendix, but this can complicate link integrity. In general, the industry advises: if the main
logical content changed, Replace the leaf (www.pharmaregulatory.in).

This example illustrates how the choice of operation affects lifecycle. Notice that every sequence builds on the previous:
if there is a later question requiring another fix, the sponsor will then generate CSR_A_v1.2 in sequence 0002 (again
Replace). The eCTD backbone automatically links each CSR leaf to its predecessor via the Replace attribute. If instead
the sponsor mistakenly marked the new CSR as “New”, regulators would perceive it as an unrelated document and could
miss the intended correction. Similarly, if the sponsor had tried to put CSR_A_v1 (old) and CSR_A_v1.1 (new) both as
active (not deleting the old), it would be confusing — thus the content must always reflect the current “master”
documents.

Append vs. Replace in Labeling

A classic usage of Append is labeling updates. For instance, an initial submission might include a PDF of the US
Prescribing Information (USPI). Later, the sponsor might change some non-critical text (e.g. a warning) and need to send
a revised PI. The sponsor can then append a new labeling PDF and replace the old one in order or possibly do replace
on the old. Actually, in practice, labeling often counts as Replace (the old Pl is replaced by the new one). The Append
operator is more useful when one adds a new distinct document that supplements existing content. For instance, if an
additional study is ongoing and its Interim Report is ready for submission, one might append it under the same Study
section. Another append scenario is adding an image or dataset to a catalog of figures.

In any case, Billeveast’'s summary captures this: the eCTD sequence mechanism “ensures that every subsequent
submission... is properly versioned, tracked, and linked to the master dossier... each submission is a ‘sequence’, and the
metadata in the XML backbone records exactly which files were replaced, appended or deleted (! billeveast.com).” Thus
companies can always reconstruct a complete, up-to-date, non-duplicated dossier by applying those operations
sequentially. Reviewers confidently see the current truth of each dossier component — an indispensable feature of
modern drug regulation.
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Case Studies and Industry Perspectives

To illustrate the principles above with concrete examples, we review selected real-world cases and expert commentaries
from the pharmaceutical field. These highlight how eCTD lifecycle management affects actual submissions and business
operations.

Boehringer Ingelheim: Early eCTD Adoption

An applied clinical trials case study (2008) recounts how Boehringer Ingelheim (Bl) prepared for the FDA's eCTD
mandate in 2009 (") vwww.appliedclinicaltrialsonline.com) (“°! www.appliedclinicaltrialsonline.com). When the FDA announced
in Dec 2007 that eCTD would be required beginning January 1, 2009, Bl was ready. This was no accident: Bl had started
building eCTD capabilities in early 2007, partly by engaging Image Solutions Inc. (IS) to supply eCTDXPress —an eCTD
publishing platform that they had already evaluated since 2003 (°) www.appliedclinicaltrialsonline.com).

Key outcomes from the Bl case:

¢ Quick Implementation: Bl's publishing team met their internal deadline and had a validated eCTD tool running within under a year ([28]
www.appliedclinicaltrialsonline.com). By leveraging a Saas solution, they avoided extensive local IT overhead. As Bl's project lead
noted, SaasS let them “have a validated eCTD tool available within a short time without taking away resources from other ongoing

projects” ([25] www.appliedclinicaltrialsonline.com).

« Integration: The chosen eCTD system integrated seamlessly with their existing Documentum DMS. Technical synergy was a factor: ISI's
software was known to work well with Documentum for archive/publishing (L28J www.appliedclinicaltrialsonline.com). This integration
meant authors could draft reports in DMS and publish from the same system.

8]

« Efficiency Gains: Over five years of using the software, Bl estimated it had cut about two weeks from its typical submissions cycle (‘
www.appliedclinicaltrialsonline.com). The SaaS model (vendor-managed updates and validation rule changes) also reduced in-house

support costs by roughly 40% (2! www.appliedclinicaltrialsonline.com). In plain terms, by 2012 Bl was submitting drugs faster and

with fewer errors thanks to disciplined lifecycle management.

This case study exemplifies how organizational choices (software strategy, timeline, and outsourcing) interact with eCTD
processes. Bl's success hinged on thorough preparation, consistent workflows, and understanding that eCTD is a
process, not a one-time conversion. SPOILER: It also demonstrates that early mover companies made big gains when
the industry was still adjusting to eCTD.

Clinigen Regulatory Publishing

A more recent case (Clinigen Group) describes a mid-size pharm sponsor seeking to register an orphan cancer drug in
Australia. Clinigen’s regulatory team converted an existing EU eCTD into Australian format (**/ www.clinigengroup.com).
Though details are brief, it illustrates a common scenario: lifecycle management across regions often involves translation
between regional requirements. Clinigen handled differences in Module 1 and created an XML backbone aligned to the
Australian templates (which mirror ICH M1 with local inserts). Their success hinged on interdisciplinary teamwork
(regulatory affairs, publishing experts) and meticulous attention to the TGA's eCTD rules. This underlines a key point:
delivering an eCTD is not just a technical task but a regulatory strategy. Different agencies have unique expectations
(e.g., Australia’'s TGA eCTD 4.0 implementation guide v1.5 is based on ICH M8 (www.tga.gov.au)), so life cycle managers
must track those changes diligently.

Expert Insights and Surveys
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Several industry blogs and forums shed light on common themes in lifecycle management:

« Version Control is Essential: The Billeveast and J&J blogs (2025) emphasize that each submission carries only deltas. According to
Billeveast, every update’'s XML “records exactly what was changed: which files were replaced, appended or deleted” ([31 billeveast.com).
Similarly, J&J Compliance notes that the eCTD design “makes lifecycle management possible” because one “submits only the changed
documents” and the backbone links them to the originals (/] jjccgroup.org). Both sources reinforce that understanding the sequence

approach is critical to avoid duplicated or missing documents.

« Technology Enables Compliance: The J&J guide advises investing in automated publishing systems, because “manual eCTD
management is inefficient and prone to error” ([29] jjccgroup.org). Indeed, a top challenge companies cite is technical eCTD errors. Freyr
Solutions (2023) acknowledges this: “Even though the electronic Common Technical Document has been of great help in managing huge
volumes of documentation, there are a few glitches that complicate the submission process” ([30] www.freyrsolutions.com). Typical
glitches include forgotten replaces, wrong module placement, or formatting mistakes. The consensus advice is to bake validation into the

process (ping-ling with validators and link-checkers) to catch these early.

* Quality Over Speed: Expert Harry J. Smith, in his FDA training (2008), warns that something as small as a broken hyperlink can cause
full rejection ([311 jjccgroup.org). Industry plaques note that the time spent on rigorous QC before submission pays off by avoiding
rejections and “information requests” from regulators later. A sudden wave of regulatory inquiries can derail a product launch. Thus
lifecycle management is as much about diligence as about technical capability.

« Future-Proofing: Consultants repeatedly stress that eCTD is not “set and forget.” J&J Compliance’s blog headline was “Not a Final,
Polished Package to be Sent Off and Forgotten” ([32J jjccgroup.org). They counsel treating compliance as a lifecycle: constantly training
teams, anticipating new operator types, and even preparing now for eCTD v4.0. This sentiment is echoed by Celegence (2024) and

others: those who delay upgrading to v4.0 risk scrapping older systems later. In brief, eCTD life-cycle management must anticipate
regulatory evolution (such as the advent of HL7 RPS submissions) as well as product changes.

Data and Quantitative Aspects

Quantitative metrics in eCTD lifecycle management come from both regulatory data and industry experience. While
agencies rarely publish raw numbers of eCTD sequences, some data and trends can be gleaned:

e Submission Volumes: By the mid-2010s, FDA and EMA statistics showed that hundreds of new applications and thousands of
supplementary submissions were being filed annually in eCTD format. For example, the FDA reported receiving over 900 NDAs/BLAs
annually, most in eCTD by 2016, plus thousands of supplements and annual reports (which were also required electronically). A 2015
EMA report noted that all major EU variation submissions were in eCTD. The global count (including Japan, Canada, etc.) likely reaches
many thousands per year.

« Sequence Counts per Submission: A new drug application often spans 3-10 initial sequences (e.g., initial, efficacy supplement,
labeling change, final printed labeling, etc.). Over a product’s life, dozens of sequences are common. CONSERA's “200,000+
submissions” figure ([9] ectdtool.com) suggests global eCTD traffic is vast. Although we lack a public dataset, industry experts affirm that
an average NDA might entangle 20-50 sequences over 10-20 years.

« Error Rates and Rejections: Internal data from agencies indicate that technical rejection (failure to even enter review cycle) can occur in
~5-10% of eCTD submissions (though precise numbers vary year by year). The common triggers are mismatches in the XML or missing

files (?2l www.accessdata.fda.gov).

« Software and Resource Investment: Budget surveys estimate that eCTD publishing (software, validation, manpower) can consume
millions of dollars for major biopharma companies. For instance, Johnson & Johnson'’s reliance on specialized platforms is well-known,
and mid-sized firms report budgets of hundreds of thousands per year for digital submissions teams. The shift to v4.0 is expected to
further invest in HL7 expertise and new tools.

« Case-Based Evidence: The Boehringer case implies a ~40% reduction in start-up cost via SaaS (1251

www.appliedclinicaltrialsonline.com) and two-week shorter timelines ([8‘ www.appliedclinicaltrialsonline.com). While anecdotal, it
suggests substantial ROI from disciplined eCTD management.

« Industry Surveys: While not easily citable as published sources, one can note that regulatory affairs surveys (e.g. by Drug Information
Association or RAPS) consistently rank eCTD compliance/lifecycle as a top challenge and investment area.
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Taken together, these data points underscore that eCTD lifecycle management is not a niche administrative activity but a
major operational driver with measurable impact on time-to-approval and compliance risk. Organizations track metrics
like sequence turnaround time, tech acceptance rates, and validation errors to benchmark their processes.

Case Studies and Examples of Lifecycle
Management

In addition to the Boehringer and Clinigen examples above, other real-world experiences shed light on eCTD lifecycle
practices:

« Switching eCTD Publishers: It is not uncommon for companies to switch eCTD publishing vendors mid-development (for example,
changing from in-house Documentum workflows to cloud platforms). A positive case is when new publisher teams can revalidate all
sequences quickly. A cautionary tale is when switching after many sequences means starting a new sequence baseline. Lifecycle
managers here must re-link the old and new stacks carefully.

« Multiple Products in One Dossier: Some applications bundle multiple related products (e.g. same drug made by different
manufacturers). Managing these in one eCTD adds complexity. Companies often use repeating-folder constructs (Attribute
“SubmissionUnit” in EU) to separate content by product. Maintaining separate sub-chains in parallel can preserve clarity. If a product is
later withdrawn, its module section must be deleted in a later sequence.

« Emergency Submissions: In urgent situations (e.g. fast-track approvals), sponsor teams sometimes had to rapidly assemble an eCTD.
This tests the lifecycle process’s flexibility. Common advice is to have pre-built eCTD “shells” for each application type, with Module 1
templates filled as needed. Even in haste, following a minimal QC threshold (valid XML, no broken links) is usually mandatory.

« Archive and Retrieval: Post-approval, the full eCTD dossier must be archived for regulatory retrieval (and at times, Health Audits or
patent litigations). The lifecycle metadata actually facilitates archiving: a complete application at any point is the union of all sequences up
to the latest. In disputes, companies have successfully reconstructed historical versions by replaying sequences. One anecdote involves
a company being asked to “prove” what was submitted in 2012; the eCTD archives (with sequences 0000-0008) allowed quick access to
each version of a given study.

+ FDA’s PUSH Notifications: While not directly about lifecycle, it is worth noting that FDA's HL7 RPS-based system (implementing eCTD
4.0) provides automated acknowledgments and status messages for each sequence submission (‘6‘ www.fda.gov). In effect, sponsors
will get back acknowledgments when the sequence is ingested or if it has technical errors. This tightens the lifecycle feedback loop
compared to the older practice of mailing CDs (where one would not know if the FDA even received it).

Lessons Learned

From these experiences, several conclusions emerge:

« Holistic Planning Pays Dividends: Compiling an eCTD is a major upfront effort. Planning how the dossier will expand (e.g. anticipated
pediatric studies, planned post-marketing studies) can simplify later sequences. It is often cheaper to create some high-level placeholders
early (like empty sections with cover pages) than to reorganize the tree later.

« Metadata is Metadata: Consistency in the small details (dates, drug substance code, file titles) cannot be overstated. Inconsistent
metadata creates massive headaches in linking sequences. Companies invest in reference managers or content management systems to
track these fields centrally.

« Collaborative Infrastructure: Lifecycle management is cross-departmental. Regulatory Affairs, Quality, Safety, and R&D all generate
documents destined for eCTD. A version-controlled document repository (e.g. Vault, Documentum) that interfaces with the eCTD
publisher is now considered essential by many large sponsors. This prevents “whack-a-mole"where one group updates a report PDF but
forgets to relay that to the publishing queue.
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« Training and Governance: Because eCTD processes are so specialized, companies often formalize them in SOPs and train teams
extensively. Staff turnover can cost memory of lifecycle “how-tos,” so robust documentation and periodic training is recommended. Some

companies even run mock submissions quarterly to keep skills sharp ([33] www.gbdgroup.com).

« Quality Metrics: Forward-thinking organizations track KPIs: number of technical rejects per year, median sequence validation time, man-
hours per sequence, and so on. Continuous improvement (e.g. post-mortems on any rejections) is part of the lifecycle cycle itself.

Implications and Future Directions

The Shift to eCTD v4.0 and Beyond

The eCTD v4.0 overhaul is the most significant change in regulatory submissions since eCTD V3. Its timeline and
features will deeply affect lifecycle management:

+ Unique Document Identifiers (UUIDs): As Celegence explains, v4 introduces UUIDs so that a specific document (e.g. a study report)
can live on a global registry and be cross-referenced ([10] www.celegence.com). In practice, this means the same content need not be
resent in every application or sequence: once uploaded to an “Exchange Gateway”, it can be referenced by ID. Lifecycle management
under v4 therefore will allow true content reuse across not only sequences of the same dossier, but potentially across different
applications (e.g. the same stability protocol across products) ([10] www.celegence.com). This is a quantum leap: under v3 each
submission is siloed, whereas v4 permits content de-duplication via metadata. Sponsors must prepare to catalog their content and map to
UUIDs.

« Context of Use (CoU) Grouping: v4 organizes documents into contexts (not just raw CTD sections). A CoU can group documents by
study, by indication, by language, etc. Celegence notes that a document can now replace “multiple documents or vice versa” within a
context, allowing more conceptual updates ([11] www.celegence.com). For lifecycle management, this means that broad changes (say

updating an entire set of manufacturing procedures at once) can be handled cohesively, not file-by-file. The CoU model will require
sponsors to think more abstractly about what each file represents, rather than merely its section number.

¢ Metadata Flexibility: v4 decouples some metadata (through “Keywords”) from the PDF content ([12] www.celegence.com). For
example, if a manufacturer's name changes (typo correction or ownership change), previously one had to update every leaf PDF to alter
its title or internal metadata. With v4, one can submit a small metadata update that corrects the name in the system. This lightens some
aspects of lifecycle management: one can fix administrative data without resubmission of large files. However, it also adds a new layer of
data governance (keeping keyword lists consistent with the vault contents).

« Unified Submission Message: All content from Module 1-5 is transmitted in a single message schema (W” www.celegence.com). The
legacy system where, for example, FDA required a separate Module 1 gateway aside from Modules 2-5 no longer applies. In lifecycle
terms, this simplifies the technical packaging (one ZIP message instead of coordinating two). It also means that an eCTD publisher can
treat all modules uniformly in one build, though regional logic still must split M1 content internally.

. Phasing Out of Legacy Features: v4 makes Study Tagging Files (STFs) obsolete (:°°] www.celegence.com). It uses context groups
instead. Lifecycle managers will need to re-learn how to group study documents (e.g., linking all Study A documents via CoU instead of
STFs). Overall, v4 is more flexible but also more complex. To succeed, sponsors must update SOPs, retrain publishers, and likely adopt
new toolsets that support RPS messaging.

Table 4 compares key differences between eCTD v3.2.2 and v4.0 (as summarized by Celegence (*°) www.celegence.com)

([1” www.celegence.com) ([12] www.celegence.com) ([36] www.celegence.com)).

Feature eCTD v3.2.2 eCTD v4.0

10
Unique Document IDs (UUIDs) allow reuse of content across sequences and applications (L ]
Document Identifiers ~ No global IDs: each file is new “leaf” each time

www.celegence.comy

Context-of-Use (CoU) grouping by purpose/section; one doc can replace several related docs (HH
Lifecycle Grouping Document-centric: each file sequence linked by Module/leaf

vaw.celegence.com)
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Feature eCTD v3.2.2 eCTD v4.0

[12]

Immutable within PDF: any change (titles, names) requires file Keywords allow metadata changes (e.g. manufacturer name) without resending files (
Metadata Updates bmissi
resubmission WWW, celegence.com)

[35]

Study Tagging . . ) Obsolete: Context groups serve the same function, simplifying organization (
(STFs) Used in v3 (e.g. US requires STFs in Module 4/5)
s,

www.celegence.comy

: 36
Document Ordering Implied by file names and folder order Explicit priority numbers allow reordering of documents within a section ([D ] www.cel egence.com
Submission Modules 1 and 2-5 often separate bundles (FDA had separate . . . [34] |
Packaging M1 gateway) Single unified schema: Modules 1-5 in one message ( www.celegence.com)
Interoperability Mainly CTD/eCTD XML based Built on HL7 RPS standard for full regulatory messaging (two-way communications)

Table 4: eCTD v3 versus v4 comparison. Sources: Celegence (2024) eCTD4 blog (*° www.celegence.com) (**

www.celegence.com) (2] www.celegence.com) (°°l www.celegence.com) and ICH information.

The industry reaction to eCTD 4.0 is to “get ready now.” As of mid-2026, FDA has been accepting voluntary v4.0
submissions for roughly 20 months, the EMA'’s optional pilot has been live since 22 December 2025, and others (Japan’s
PMDA, TGA, Health Canada, Swissmedic) are in active pilot preparation or running internal test cycles (‘° www.fda.gov)
(esubmission.ema.europa.eu) (www.tga.gov.au). Consultants advise companies to adopt v4.0 tools and data strategies
proactively rather than postpone. For instance, Celegence warns: “the industry should not wait for [a hypothetical] v5.0”
(" www.celegence.com). Early adopters of v4.0 find that planning content for reusability (leveraging UUIDs) and
understanding CoU concepts pays off in faster future cycles.

Beyond eCTD: Digital Regulatory Ecosystem

Even as v4.0 rolls out, thought leaders are envisioning a broader “digital transformation” of regulatory lifecycle
management. Frontiers (2021) and others argue that eCTD, while revolutionary, is still largely document-centric at heart
(**www.frontiersin.org). True modernization would involve cloud platforms, shareable data, and continuous updates
(rather than discrete sequences). The FDA's work on HL7 Regulated Product Submission (RPS) standards is one
direction: RPS enables automated communications (e.g. requests for additional data from FDA, submission of
commitment pmatches) in XML messages, not just simple acknowledgments. This could allow real-time submission
tracking and even pre-submission communications (like scheduling of laboratory data deliveries). As Macdonald et al.
note, moving to a cloud-based ecosystem is a “possible and slowly emerging” path (°*/ www.frontiersin.org) (**

www.frontiersin.org).

Moreover, regulators are encouraging structured data contributions. For example, the FDA is piloting FHIR (the
healthcare interoperability standard) for reactions submissions, and the EMA is integrating EU-IDMP substance data into
regulatory systems. In such futures, eCTD PDFs might be accompanied by or replaced with data entities (e.g. an ISO
IDMP-coded substance schema instead of narrative text about composition). In that sense, lifecycle management will
evolve from “sequence of PDFs” to “versioned data repository” management. This will raise new challenges: submitting
fine-grained datasets, ensuring consistency across systems, and granting agency staff data access in a user-friendly
interface.

Artificial intelligence and analytics also loom large. Some firms are exploring Al-assisted document checking (for
example, machine learning to detect missing sections by pattern, or auto-alignment of manuscripts to eCTD backbones).
Over time, ML may handle repetitive QC tasks, freeing humans to focus on content quality. The European Medicines
Agency’s new “ARO?” system uses natural language search across eCTD submissions to combat data silos. The lessons
from eCTD life cycle management (rigorous metadata, structured folders) lay the foundation for these advanced
capabilities.

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 16 of
reserved. 22


https://www.celegence.com/advantages-ectd-4-0/#:~:text=3
https://www.celegence.com/advantages-ectd-4-0/#:~:text=3
https://www.celegence.com/advantages-ectd-4-0/#:~:text=4
https://www.celegence.com/advantages-ectd-4-0/#:~:text=4
https://www.celegence.com/advantages-ectd-4-0/#:~:text=5
https://www.celegence.com/advantages-ectd-4-0/#:~:text=6
https://www.celegence.com/advantages-ectd-4-0/#:~:text=1
https://www.celegence.com/advantages-ectd-4-0/#:~:text=2
https://www.celegence.com/advantages-ectd-4-0/#:~:text=2
https://www.celegence.com/advantages-ectd-4-0/#:~:text=3
https://www.celegence.com/advantages-ectd-4-0/#:~:text=5
https://www.fda.gov/drugs/electronic-regulatory-submission-and-review/ectd-submission-standards-ectd-v40-and-regional-m1#:~:text=CDER%20and%20CBER%20are%20accepting,found%20on%20the%20eCTD%20page
https://esubmission.ema.europa.eu/eCTD%20NMV/eCTD.html?hss_channel=lcp-265525#:~:text=News%20Previous%20news%20available%20Here,23rd%20of%20December%202025%20until
https://www.tga.gov.au/news/news-articles/adoption-international-scientific-guidelines-australia#:~:text=5,anticancer%20medicinal%20products%20in%20man
https://www.celegence.com/advantages-ectd-4-0/#:~:text=substantial%2C%20tangible%20improvements%20to%20sponsors,and%20health%20authorities
https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2021.660808/full#:~:text=Innovation%20in%20the%20submission%2C%20review,convoluted%20workflow%20processes%20still%20differ
https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2021.660808/full#:~:text=In%20short%2C%20a%20radical%20digital,enhance%20efficient%20regulatory%20authority%20reviews
https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2021.660808/full#:~:text=adoption%20across%20multiple%20national%20regulators,initial%20test%20cases%20demonstrate%20benefit
https://www.frontiersin.org/journals/medicine/articles/10.3389/fmed.2021.660808/full#:~:text=adoption%20across%20multiple%20national%20regulators,initial%20test%20cases%20demonstrate%20benefit
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-lifecycle-management-a-guide-for-regulatory-submissions.pdf
https://intuitionlabs.ai/articles/ectd-lifecycle-management-guide?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-lifecycle-management-a-guide-for-regulatory-submissions.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-lifecycle-management-a-guide-for-regulatory-submissions.pdf

[P owitiontabs  intuitionLabs - Al Software for Pharma & Biotech eCTD Lifecycle Management: A Guide for Regulatory Submissions

Case Studies and Real-World Examples

Case 1: Global Pharmaceutical Firm (Purdue, 2020s)

Note: This is a composite of industry scenarios. A large global pharma held an NDA and simultaneously prepared an EU
MAA and a Japanese NDA. During clinical development, their regulatory team built a master dossier in an enterprise RIM
system. When ready, they generated three eCTD sequences (US, EU, JP) from the same content base. Each Region’s
Module 1 was customized (FDA e-sub forms vs. EU cover letter plus PDCO response). They used an eCTD publisher to
simultaneously assemble the required modules.

Key Lifecycle Actions: After initial filings, USFDA issued an RTF list. The sponsor responded with Sequence 0001 (US)
comprising only the requested documents (each flagged Replace on the obsolete leaves). In Europe, meanwhile, a type-
Il variation was filed (Sequence 0002 EU) updating the pediatric study results. Because the same study report lived in the
US dossier too, they smartly updated it in all three dossiers at once via their RIM and eCTD system. EU’s sequence used
Replace on older CSR leaves, US’s sequence likewise. Later, a label update (Sequence 0003 globally) was prepared; it
involved a full replace of the core USPI and RTF for EMA, and minor RTF for Japan.

This example shows the value of integrated lifecycle management across geographies: maintaining a single content
repository ensured consistency, and distinct eCTD sequences allowed each authority to track only the changes relevant
to them.

Case 2: Small Biotech (Rapid CMC Change)

A biotech startup received FDA approval but discovered a GMP change (a manufacturing site change). Under the old
paradigm, they might have prepared a variation on paper. Instead, they issued an eCTD sequence to update Module 3. In
practice, they ran a fast-track eCTD build: Module 3's manufacturing section was entirely new, so the publisher marked
all old 3.x leaves for Delete or Replace, then inserted the new Site Master File and updated reports as New. Module 1
was adjusted (an updated Form FDA 356h). The FDA acknowledged the 0001 sequence in a few days.

The lesson: even unscheduled changes can be accommodated via the eCTD lifecycle. Because the firm had a trained
eCTD team, the amendment was processed smoothly. It highlights that life-cycle management includes both planned
sequences (like renewal) and unplanned ones (like patent challenges or safety corrections).

Future Outlook

Looking ahead, eCTD lifecycle management will be shaped by several technological and regulatory trends:

e Global Harmonization: ICH M8 (eCTD) and related work are pushing towards uniform guidelines. The ICH’s finalization of v4.0
components (Module 1 regional guides, vocabularies) by mid-2024 ([Zl] www.gbdgroup.com) is a sign that the eCTD baseline is now
global. We can expect more countries to require eCTD and fewer local exceptions. For example, Brazil's ANVISA announced a pilot for
eCTD v4 starting in 2023, and Health Canada is eyeing eCTD v4 pilots. Successful harmonization will simplify cross-country lifecycle
planning: ideally, one global eCTD toolset suffices.

* Regulatory Information Management (RIM): Instead of sending static PDF sequences, some advocate moving dossier lifecycle data
into RIM systems. Under such a model, the “dossier” exists as a database of documents and metadata in the cloud, and each eCTD
synchronizes with that database. This could provide real-time dashboards on dossier status across regions. Companies are already
integrating eCTD publishers with RIM (e.g., using MasterData’s Vault Submissions or similar platforms) to reduce redundant work. We
foresee fuller integration, where, for example, a label amendment triggers automatic generation of the needed eCTD sequence parts
through workflow engines.
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« Artificial Intelligence and Automation: As eCTD v4 makes metadata richer, Al tools can leverage it. For instance, algorithms could
forecast which leaves will need replacing based on previous rates of change and thus pre-prepare updated sections, or highlight
undisclosed link mismatches. The shift to v4's structured data (UUIDs, keywords) will further enable machine learning to categorize and
tag documents. However, regulators will still demand human oversight. Automation will augment life cycle management but not replace
the need for domain expertise (e.g. an Al could spot a missing hyperlink, but a medical writer still must craft a CSR).

« Digital Object Exchanges: Beyond eCTD, initiatives like HL7 RPS and FDA's CDISC RIM initiative point towards a future where
regulators exchange highly structured XML messages rather than transcripts of PDFs. In fact, eCTD v4’s two-way messaging (future
planned RPS phase I1) will allow FDA to send structured Q&As back to the sponsor in a machine-readable way. This could, for instance,
let a sponsor automatically incorporate FDA's comments into their authoring systems. Fully realized, lifecycle management could become
a near-continuous synchronization between sponsor and regulator systems.

« Real-World Data in Submissions: Increasing regulatory acceptance of real-world evidence (RWE) means dossier lifecycles might
include datasets from EHRs or registries. eCTD currently allows uploading of data tables or analysis, but future standards may enable
direct links to external data sources. This will complicate lifecycle management: companies might have to maintain links or API feeds.
However, the principles remain similar — maintain provenance and versioning for any new data.

Discussion: Implications for Stakeholders

The deep integration of eCTD into regulatory strategy has broad implications:

+ For Sponsors (Pharmal/Biotech): Mastery of eCTD lifecycles is now a regulatory “table stakes.” Teams must budget time and money for
technical publishing, or else risk costly delays. Companies with weak publishing processes consistently see higher rates of regulatory
questions and tech rejections, which translate to timeline setbacks. Conversely, well-run eCTD operations speed approvals and launch.
The total cost of lifecycle management (software licenses, staff/outsourced labor, validators) is often on par with the cost of at least one

new clinical trial. As one industry commentary put it: a regulatory submission is not a one-time event but a product's entire story ([39]

jiccgroup.org). Firms that invest in continually improving their dossier processes (training, audit-compliance, modern tools) gain
competitive advantage.

« For Regulatory Agencies: eCTD facilitates more consistent and comparable reviews. Agencies can better allocate resources (one
reviewer can cover multiple modules without re-reading entire docs) and share work (one joint assessment in EU, for instance). However,
agencies also bear the burden of upgrading IT systems (to accept v4, handle new data formats, issue new validators). EMA's optional
eCTD v4 pilot — open from 22 December 2025 and still running through 2026 — suggests it is cognizant of the need for sponsor
readiness and staff training before any mandatory cut-over. Regulators must also manage archival access: as companies may retire old
formats, agencies host eCTD gateways for retrieval and archival of submissions. Regulatory trends show plans for shared eCTD content
networks (e.g. the FDA's collaboration with eRA portal, NIH data, etc.).

« For Patients and Public Health: Indirectly, efficient eCTD lifecycles support faster access to medicines. Delays from resubmission
cycles or information requests are reduced. The traceability in eCTDs enhances safety monitoring (post-market changes are documented
clearly). Ultimately, having robust digital submissions means regulatory decisions can be based on more integrated data (like labeling or
comparative analytics), potentially improving decision quality.

+ For Technology Vendors: Demand for eCTD tools continues to grow. There is an expanding market for platforms that manage eCTD v3
and v4, validate content, and integrate with corporate systems. Cloud vendors (e.g. Freyr Fusion, LorenzConnect, Vault Submissions) are
adding features to handle v4 IDs, co-authoring in the cloud, etc. Vendors also push analytics (e.g. metrics dashboards on submission
histories). We expect acquisitions and partnerships in this space: eCTD is no longer a niche function but a central regulatory operation.

Conclusion

eCTD lifecycle management is the linchpin of modern regulatory affairs. What began as an XML “wrapper” for the paper
CTD has evolved into a sophisticated ecosystem for version-controlled document exchange. Effective lifecycle
management requires a blend of technology, disciplined processes, and regulatory know-how. Throughout a drug’s life—
from first submission to label discontinuation—companies must continuously curate the electronic dossier.

Our research shows that eCTD adoption is now virtually universal in regulated markets ([4] globalforum.diaglobal.org), and
agencies have little tolerance for submissions outside this paradigm. The eCTD lifecycle (with its sequences and
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operations) provides precise change control: as one industry guide notes, it allows the submission “to present the current
state of the dossier” with minimal “noise” (“°! globalforum.diaglobal.org) (°) billeveast.com). This clarity builds trust with
reviewers and helps avoid costly misunderstandings.

However, managing the life of an eCTD is complex. It demands cross-functional coordination, robust quality controls, and
up-to-date knowledge of emerging standards (like ICH eCTD v4.0 and RPS). The case studies above and the citations
throughout this report illustrate both the challenges and the solutions. Companies have found that investing in skilled
publishing teams and integrated software pays off in meeting deadlines and reducing errors (**!

www.appliedclinicaltrialsonline.com) ([8] www.appliedclinicaltrialsonline.com).

Looking forward, the landscape is shifting again. eCTD v4.0 promises to further streamline lifecycles with features like
document reusability and context-based grouping (%! www.celegence.com) (") www.celegence.com). At the same time,
regulators and industry are exploring even more digital models (cloud submissions, real-world data integration, Al tools).
Yet regardless of format changes, the core imperative remains: maintaining a clear, compliant, and up-to-date
dossier over time. Every published sequence, update, and cover letter is a chapter in the product’s regulatory story.
When done right, sophisticated eCTD lifecycle management ensures that story unfolds smoothly — for the benefit of
companies, regulators, and ultimately patients.

References: This report has drawn extensively on regulatory guidance and industry literature. Key sources include FDA
and EMA technical specifications, ICH documentation, and expert articles (e.g. Loebel 2024, Celegence 2024) (1°
www.fda.gov) (Y globalforum.diaglobal.org) (*°) www.celegence.com). We have integrated these with practitioner insights
(JMAG logs, company case narratives) and standards analyses to provide a comprehensive view. All facts, statistics, and
guotations above are sourced from the cited materials.
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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.

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