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[Revised May 8, 2026] — Updated to reflect the EMA's eCTD v4.0 optional acceptance window (opened 23 December
2025), the FDA's published eCTD v4.0 implementation timeline, the current ICH eCTD v4.0 Implementation Package
(v1.5, March 2025), and the latest status of Accumulus Synergy’s cloud submission platform.

Executive Summary

The Electronic Common Technical Document (eCTD) has become the global standard format for most regulatory
submissions of drugs and biologics. Over the past two decades, agencies worldwide have adopted eCTD and phased out
paper filings. For example, FDA data show that eCTD accounted for only 10% of submissions in 2007 but about 59% by
2012 () www.worldpharmaceuticals.net); by 2022 roughly 94% of FDA submissions were in eCTD format (!
globalforum.diaglobal.org). The eCTD format — first approved by ICH in 2008 (° globalforum.diaglobal.org) — provides a
hierarchical XML “backbone” that organizes all Modules 2-5 of a Common Technical Document. Each file (a “leaf”) in the
eCTD has a stable title and a lifecycle operation (New/Replace/Delete) in XML, enabling clear tracking of changes
across submission sequences (www.pharmaregulatory.in) (“ globalforum.diaglobal.org).

Managing eCTD submissions thus requires robust processes, infrastructure, and expertise. Best practices include
rigorous planning and content management, use of dedicated eCTD publishing software, thorough technical
validation/QC, and close alignment with agency specifications. For example, industry experts recommend extensive pre-
planning, a modular “Submission Content Plan,” and the use of automated link-checking/validation tools to minimize
technical errors (©° www.dlrcgroup.com) (www.pharmaregulatory.in). Specific challenges include ensuring every PDF is
fully searchable and bookmarked, leaf titles are unique and consistent, hyperlinks point to precise anchors (not cover
pages), and files comply with node/node-extension rules for each region (www.pharmaregulatory.in)
(www.pharmaregulatory.in). Failure to do so can cause submission rejections and lengthy delays (one case cost a 9-
month delay due to folder/node errors and missing bookmarks (www.pharmaregulatory.in)).

Core best practices distilled from regulators and industry case studies include: adopting a global core dossier model to
harmonize content across regions; using industry-standard RIM (Regulatory Information Management) or eDMS
(electronic Document Management System) tools (e.g. Veeva Vault, MasterControl, Lorenz DocuBridge) to control
documents and metadata; conducting multi-layer QC (scientific content QC plus technical QC with eCTD validators); and
training staff on the latest eCTD specifications. Outsourcing to experienced eCTD service providers is often advised for
smaller companies: building an in-house eCTD capability can exceed $300k—500k in the first year, whereas outsourcing
an eCTD submission may cost only $10-50k (I www.worldpharmaceuticals.net).

Looking ahead, the regulatory landscape is evolving beyond static PDF dossiers. New data standards (IDMP/ISO, HL7
RPS/eCTD 4.0) and shared submission platforms (e.g., cloud-based review systems) are on the horizon. The EMA has
announced a pilot of eCTD 4.0 (RPS) usage for central MAA filings starting late 2025 (esubmission.ema.europa.eu), and
FDA and other agencies are also preparing. eCTD 4.0 promises two-way communications, richer metadata, and greater
lifecycle flexibility (! globalforum.diaglobal.org), but requires upgraded software and processes. At the same time,
regulatory modernization initiatives (FDA's data modernization plan, EMA's telematics strategy, projects like Accumulus
Synergy) aim to make review more data-driven and continuous (°! pmc.nchi.nim.nih.gov) (% pme.ncbi.nim.nin.gov). Effective
management of eCTD submissions therefore involves not only mastering the current format and workflow, but also
adapting to forthcoming digital transformations.

Key Points (with references):

« Worldwide adoption: eCTD rolled out by major agencies. ~60% of FDA submissions were eCTD by 2012 (m
www.worldpharmaceuticals.net); as of 2022, 94% were eCTD ([2] globalforum.diaglobal.org). Agencies in US, EU, Japan,
Canada, China, etc., require eCTD for NDAs/MAAs (with region-specific M1 content).

« Structure and requirements: The eCTD consists of Module 1 (regional forms/labeling) and common Modules 2-5
(summaries, quality, nonclinical, clinical) under an XML backbone. Each file is a “leaf” with a lifecycle tag
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(new/replace/delete) (www.pharmaregulatory.in) (! globalforum.diaglobal.org). The format is strictly validated (folder
structure, XML schema, content rules) by agency-supplied validators (FDA ESG, EMA CESP, etc.).

« Tools & processes: Dedicated eCTD publishing software (e.g., Lorenz DocuBridge, Extedo) is used to assemble
the submission. SOPs and project plans (including global content plans and regulatory calendars) are crucial.
Regulatory Information Management systems (Vault RIM, MasterControl) help track submission history,

commitments, and global variations (www.pharmaregulatory.in) (“°' www.dircgroup.com).

« Quality control: Multi-layer QC is essential. Authors and reviewers must check content consistency; technical staff
must use validation tools to catch issues. Common pitfalls include mis-filed Module 1 forms, non-searchable PDFs,
duplicate leaf titles, broken/mis-linked bookmarks, incorrect lifecycle operations, and file-size/type violations
(www.pharmaregulatory.in). Guardrails like bookmark depth rules, link crawlers, and leaf-title catalogs are
recommended. (www.pharmaregulatory.in) (www.pharmaregulatory.in)

« Case examples: For instance, one ANDA was rejected due to wrong folder hierarchy and missing bookmarks,
delaying approval by 9 months; the cure was rigorous use </current_article_content>of automated validators before
submission (www.pharmaregulatory.in). In another example, a contract publisher helped a mid-sized pharma prepare
an Australian eCTD submission by converting an EU dossier format to TGA specifications, illustrating how
specialized expertise can bridge regional differences (**/ www.clinigengroup.com). Conversely, a small startup
outsourced its first IND to a regulatory service, which provided a submission content plan and automated compliance
checks, enabling timely FDA eCTD filing (° www.dircgroup.com).

« Challenges: Major challenges include the high cost and complexity of implementing eCTD. A study estimated
initial system costs of $200-300K and annual costs of $100-200K for a modest eCTD publishing capability (-
www.worldpharmaceuticals.net). Training and retaining skilled publishing staff is also difficult, especially in regions new
to eCTD. Technical errors and rejections remain common without disciplined processes. Finally, regulators in some
emerging markets still lack electronic infrastructure, leading to a hybrid of paper and eCTD requirements.

« Future directions: The industry is moving toward richer data exchange. eCTD 4.0 (RPS) enables two-way
communication of review comments and more granular, flexible lifecycle updates (") globalforum.diaglobal.org). Initial
pilots are underway (EMA optional eCTD 4.0 in 2025 (esubmission.ema.europa.eu), FDA pilot in 2023 (**!
globalforum.diaglobal.org)). Meanwhile, initiatives like FDA's Technology and Data Modernization Act and EMA's Digital
Submissions Roadmap emphasize cloud-based review systems and data standards (IDMP, HL7 Vulcan). Adoption of
structured content (e.g., PQ/CMC for CMC data) and Al tools for linkage-checking are also emerging (°!
pmc.ncbi.nim.nih.gov) ([M] pmec.nchi.nim.nih.gov). Managing eCTD submissions must therefore evolve to integrate these
new capabilities while maintaining compliance with current regulations.

Table 1 below summarizes the contents of the CTD/eCTD modules.

Module Content Regulatory Role

Administrative forms, product information, packaging components, labeling, and correspondence specific to the
Region-specific (not common across ICH regions). Contains

15
region (e.g. FDA Forms, EU-specific dossiers)* (www.pharmaregulatory.in) (l 1 prescribed items like application forms, meeting minutes, and

Module 1 (Regional)

Module 2 (Overview
& Summaries)

Module 3 (Quality)

Module 4
(Nonclinical)

Module 5 (Clinical)

globalforum.diaglobal.orgy~.
Regional overview of the submission: quality overall summary, nonclinical overview/summary, clinical
overview/summary (www.pharmaregulatory.in). Includes introductory and summary documents that synthesize the

data to come.

Chemistry, Manufacturing and Controls (CMC): drug substance and product information, manufacturing process,
controls, stability data, etc.

Nonclinical written summary and study reports (pharmacology/toxicology studies, ADME studies, etc.)

Clinical written summary and study reports (human pharmacology, efficacy, safety studies, biopharmaceutics, etc.)

local labeling.

Harmonized across regions (ICH). Provides high-level context
and summaries of Modules 3-5; forms the introduction to
quality, nonclinical, clinical data.

Harmonized; details the quality information supporting the
product (materials, processes, controls).

Harmonized; contains data from laboratory and animal studies
that support safety.

Harmonized; contains all human clinical data (trials, reports)
demonstrating safety and efficacy.

Table 1. CTD/eCTD modules by content category (adapted from ICH M4/M2 guidance (www.pharmaregulatory.in) and

eCTD specifications ('°/ globalforum.diaglobal.org)). Note: each individual document (“leaf”) in Modules 2—5 must carry a
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unique descriptive title and a lifecycle operation in the eCTD XML (e.g. new, replace, delete ). Module 1's structure

(which nodes and forms are required) differs by region ("'°/ globalforum.diaglobal.org).

Table 2 below highlights common technical rejection issues during eCTD publishing and strategies to prevent them

(based on industry analyses (www.pharmaregulatory.in)).

Issue

Misplaced Module
1 files

Non-searchable
PDFs

Duplicate or
drifting leaf titles

Broken or
incorrect
hyperlinks

Wrong lifecycle
operation

Oversized
monolithic files

Disallowed file
types/sizes or
security

Submission validation error or late rejection due to incorrect
folder placement (e.g. FDA forms under wrong node).

Technical reject of scanned images without embedded text.
Data cannot be copied/extracted.

Submissions with identical document titles cause confusion
(which file is current?). Validators may error or reviewers
misinterpreting content versions.

Hyperlink targets landing on cover page instead of the specific
table/section; incomplete link crawl.

Marking a document as “new” instead of “replace” (or vice
versa) produces redundant files or missing updates; creates
parallel outdated documents.

Very large PDFs (e.g. entire CSR in one file) without
bookmarks become “opaque” to the reviewer; may exceed file
size limits.

For example, using a password-protected PDF or non-PDF
file.

Prevention/Mitigation

Use checklists or automated lints for Module 1; map each form/document to the correct node (FDA 356h in 1.8, labeling
in 1.14, etc.) (www.pharmaregulatory.in). Perform a formal Module 1 map review.

Ensure all PDFs are text-searchable (run OCR with QA on any scans). Standardize font embedding and PDF/A
compliance. (www.pharmaregulatory.in)

Maintain a master Leaf Title Catalog. Enforce stable, informative titles across sequences (e.g. include document type,
method, version but avoid volatile info). Use publishing tools that flag duplicate titles across the package
(www.pharmaregulatory.in) (www.pharmaregulatory.in).

Author hyperlinks from Module 2 directly to anchors on tables/figures in Modules 3-5. Incorporate a link-crawler tool to
verify every link reaches the intended anchor (and not a cover page). Reject/rebuild if any link fails
(www.pharmaregulatory.in).

Carefully set each leaf's XML LifeCycle attribute. Use a staging view to preview sequence diffs: confirm replaced vs
new files. Avoid unnecessary “Delete” operations (they hide content). Maintain a lifecycle register (tracking replaced
Vs current leaves) to ensure correct operations (www.pharmaregulatory.in) (www.pharmaregulatory.in).

Adopt granularity: break documents into logical sections (e.g. split stability data by condition, split CSRs into multiple
PDF parts only if needed). Enforce minimum bookmark depth (e.g. tables/figures should be individually bookmarked)
(www.pharmaregulatory.in).

Validate against agency rulesets. Do not password-protect files. Check PDF version (must meet PDF/A or other spec).
Run the eCTD validator before packaging to catch file-size or type violations.

Table 2. Common eCTD publishing errors and recommended central safeguards (www.pharmaregulatory.in)

(www.pharmaregulatory.in). Employing preprocessing “lints,” link-crawlers, and strict naming protocols can prevent these

issues from reaching regulators.

Introduction and Background

Regulatory submission of new drug applications has evolved dramatically in the last half-century. In the 1960s-1970s,
comprehensive drug dossiers were submitted as stacks of paper—often many volumes in multiple copies—to agencies
around the world. These paper CTDs contained cross-references hand-annotated by reviewers, leading to inefficiency:
retrieving documents could take days, and any content changes required reprinting large swaths of paper (**”!
globalforum.diaglobal.org). Computer-aided submissions (CANDA) in the 1980s experimented with standalone digital

formats, but global harmonization did not exist.

The Common Technical Document (CTD) concept was developed by ICH beginning in 1989 to harmonize application
contents for the US, EU, and Japan. The CTD is organized into 5 modules: Module 1 (region-specific administrative
information, not part of the harmonized core), Module 2 (summaries), Module 3 (quality/CMC), Module 4 (nonclinical),
and Module 5 (clinical) (**! globalforum.diaglobal.org) (www.pharmaregulatory.in). By the mid-2000s, CTD format became
mandatory or strongly recommended for NDAs/MAAs in the ICH regions (*¢/ globaliorum.diaglobal.org).

The next step was to make CTD submissions fully electronic. Starting in 1997, ICH M2 began the eCTD project to create
a machine-readable submission backbone. Key features included: an XML-based table of contents (the backend
index) that hierarchically organizes all documents in Modules 2-5; uniform folder/file naming conventions; a unique ID for
each document; and lifecycle attributes (new/replace/delete) on each file to indicate updates (”9‘
globalforum.diaglobal.org). eCTD was formally adopted by ICH in 2008 (! globalforum.diaglobal.org). The format leveraged
PDF for document content (following the PDF innovation of 1993), allowing all text and figures to be included as
searchable PDF files. eCTD made it possible for reviewers to navigate quickly between all parts of the dossier via
hyperlinks. By contrast, a simpler “NeeS” (non-eCTD electronic submission) approach — merely providing PDFs with a
single top-level index — had major drawbacks: without lifecycle metadata, reviewers could not automatically see what
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was new or changed, and broad content searches (e.g. all manufacturing procedures) were difficult (*°
globalforum.diaglobal.org). Thus the eCTD was designed to overcome those limitations.

In practice, eCTD submissions have now become the global norm. Major regulators in North America, Europe, and Asia
have implemented eCTD: the FDA, EMA (European Medicines Agency) and EU national authorities, Japan’s PMDA,
Health Canada, China NMPA, and many others all accept electronic submissions in eCTD format. Countries that adopted
eCTD have each defined their own Module 1 structure (Module 2-5 content is internationally harmonized). This means
applicants must upload documents according to each region’s specs. For example, the FDA's Module 1 expects specific
regional forms and “Study Tagging Files” for clinical protocols/CRFs, while the EMA/PMDA modules have different forms
and the “node extension” concept for study metadata (I*°! globalforum.diaglobal.org). Over the past decade, eCTD usage
has exploded: one industry analysis noted that from 2005-2008 the volume of eCTD submissions to FDA grew at a
~300% annual rate, and by 2012 eCTDs were ~59% of all CDER submissions (up from 10% in 2007) (**)
www.worldpharmaceuticals.net). By 2022 FDA reported 94% of incoming submissions were eCTD (over 8 million

sequences) (! globalforum.diaglobal.org).

The remainder of this report explores how pharmaceutical organizations effectively manage this eCTD-driven submission
process. Topics include regulatory requirements, eCTD publishing workflows, data management tools, quality controls,
and lessons from practice. We will also examine future directions (notably the transition to eCTD 4.0 and broader digital
submission initiatives). Throughout, claims are backed by regulatory guidance and published analyses of industry
practices.

eCTD Structure and Regulatory Requirements

A successful eCTD submission hinges on adhering strictly to the technical specifications. The ICH eCTD specification
(currently version 3.2.2) and each region’s technical guidance must be followed. In general, the eCTD lifecycle
sequence process works as follows: each time documents change, the sponsor issues a new “sequence” folder with an
updated XML index ( index.xml ) in Module 1 (or index.xml and Udi_open.xml for eCTD 4) that references each
updated leaf. The lifecycle flags ( LifeCycleOperator ) mark each leaf as <new/>, <replace/>,Or <delete/> relative
to the previous package. For example, if the sponsor updates the clinical study report (CSR), the new CSR PDF is
submitted with <lifeCycleOperator replace="PreviousLeafID"/> in the backbone, so the reviewer knows the prior
version is superseded (! globalforum.diaglobal.org). This makes the “dossier” a stateful compilation of cumulative
sequences.

Formatting rules: By design, eCTD restricts content to PDF (or in rare cases other specified file types) and XML only.
Each PDF must be bookmarked and text-searchable (no locked images), with fonts embedded. All cross-references are
handled by the hyperlinked XML TOC. Importantly, every individual file is a leaf, so large documents often need to be
segmented to maintain granularity and navigability. The title of each leaf in the XML is a stable descriptor (e.g. “Stability
Study Report—Long-Term, 25°C”); consistent titles ensure that the system can track which leaf to replace
(www.pharmaregulatory.in). The sponsor’s eCTD software must wrap each sequence in the prescribed directory
structure: typically, Module 1 in a folder structure matching the region, Modules 2-5 in Common tree, and the XML and
index files at the root. Finally, the entire sequence package (often a “zip” file of the folder set) is submitted via the
agency’s gateway (FDA ESG for CDER/CBER, EMA's CESP web portal, etc.).

Module 1 specifics: Unlike Modules 2-5, Module 1 is not harmonized. It contains all region-specific administrative
documents. For a US submission, M1 includes the FDA form FDA356h, biosafety, pediatric assessments, forms for each
study (e.g. financial disclosure), and the FDA's administrative correspondence. Europe’s M1 requires the “eCTD
Backbone” e-Governance elements, CMS forms (like 2.3.2 expert report), PRP documents, and package leaflets in the
EU’s QRD format. Japanese M1 has its own node names and code page requirements. Applicants must generate the
correct Module 1 XML per region: for example, the FDA requires a specific XML schema including <StudyTagging>
elements to label each clinical PDF, whereas EMA's XML has <NodeExtension> elements. As one analysis notes, “each
region that has adopted eCTD needs to create its own Module 1 definition” and conversion to HTML. The US uses Study

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 5 of
reserved. 19


https://globalforum.diaglobal.org/issue/july-2024/how-did-we-get-here-a-history-of-ectd-and-prospects-for-ectd-4-0/#:~:text=It%20is%20relatively%20simple%20to,However%2C%20this%20has%20several%20shortcomings
https://globalforum.diaglobal.org/issue/july-2024/how-did-we-get-here-a-history-of-ectd-and-prospects-for-ectd-4-0/#:~:text=It%20is%20relatively%20simple%20to,However%2C%20this%20has%20several%20shortcomings
https://globalforum.diaglobal.org/issue/july-2024/how-did-we-get-here-a-history-of-ectd-and-prospects-for-ectd-4-0/#:~:text=Each%20region%20that%20has%20adopted,concept%20to%20do%20similar%20things
https://www.worldpharmaceuticals.net/analysis/world-pharmaceutical-frontiers-ectd-cardinal-onyszchuk/#:~:text=2009%20through%202012%2C%20volume%20has,a%20year
https://www.worldpharmaceuticals.net/analysis/world-pharmaceutical-frontiers-ectd-cardinal-onyszchuk/#:~:text=2009%20through%202012%2C%20volume%20has,a%20year
https://globalforum.diaglobal.org/issue/july-2024/how-did-we-get-here-a-history-of-ectd-and-prospects-for-ectd-4-0/#:~:text=Japan%2C%20Switzerland%2C%20Canada%2C%20South%20Korea%2C,submissions%20through%20the%20electronic%20gateway
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.pharmaregulatory.in/building-a-valid-ectd-sequence-standards-tech-rejection-traps-and-a-bulletproof-qc-checklist/#:~:text=An%20application%20is%20a%20lifecycle%E2%80%94a,old%20leaves%20and%20let%20reviewers
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-submissions-a-guide-to-management-best-practices.pdf
https://intuitionlabs.ai/articles/ectd-submission-management-best-practices?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-submissions-a-guide-to-management-best-practices.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=ectd-submissions-a-guide-to-management-best-practices.pdf

[P intitiontabs  intutionLabs - A1 Software for Pharma & Biotech eCTD Submissions: A Guide to Management & Best Practices

Tagging Files so that “each separate PDF associated to a clinical or nonclinical study can be identified with details
(document type, site, patient ID, etc.),” whereas Europe and others use Node Extensions to do likewise (\'°!
globalforum.diaglobal.org). Consequently, global filings often involve a “transformation” step in publishing: the base content
may be CTD-compliant, but generating two Module 1's (FDA vs EMA XML) is required for dual submissions.

Submission mandates: Regulatory agencies have gradually mandated eCTD over the past 15 years. In the United
States, FDA issued final eCTD guidance in April 2015. That guidance set deadlines (“requirements for electronic
submission”) as follows: 24 months after final guidance (May 5, 2017), all new original NDA and BLA submissions and
related supplements (efficacy, labeling, CMC, etc.) must be eCTD; after 36 months (Jan 5, 2018) all commercial INDs
and most amendments must be eCTD (“? www.accessdata.fda.gov). (Separately, ANDA applications had targets of 2017—
2018 under GDUFA 1) Thus, since 2018 virtually all FDA drug submissions have been eCTD (/*!
www.worldpharmaceuticals.net). In the EU, the EMA began accepting eCTD in the mid-2000s and by the early 2010s
required eCTD for all centralized MAAs; member countries phased in eCTD for national procedures thereafter. Japan’s
(PMDA) deadlines are similar (e.g. eCTD required for certain new applications around 2015-2018). In Canada, Health
Canada accepts eCTD or non-eCTD (CTD PDF) but has introduced its own Regulatory Enrolment Process (REP) that
interfaces with eCTD packages. Across the globe, most major markets now require or prefer eCTD for NDAS/MAAs. A
recent survey noted that eCTD is “accepted—and required for most submissions—in the US, EU, UK, Japan,
Switzerland, Canada, South Korea, China, Taiwan, and Gulf countries,” with many more (Brazil, Mexico, Singapore,
Turkey, etc.) implementing eCTD rules (°! globalforum.diaglobal.org). As evidence of its dominance, one expert reports that
by 2022 FDA received over 8 million sequences via its Electronic Submissions Gateway, constituting 94% of all
submissions ([2] globalforum.diaglobal.org).

Nonetheless, in some emerging markets eCTD is not fully mandated, leading to mixed processes. For example, India
(CDSCO) only “strongly recommends” eCTD and allows PDF-only submissions under NDCTR guidelines. This can pose
challenges for multinational development when filing in markets with legacy requirements. Companies must track each
region’s rules (for instance, India’s Module 1 includes specifics of its New Drugs and CT Rules) and sometimes maintain
parallel eCTD and CTD dossiers. Thus, global regulatory strategy involves planning for region-specific eCTD nuances
and staggered implementation dates.

Managing the eCTD Submission Lifecycle

Effectively managing eCTD submissions requires a coordinated strategy that spans content authoring, publishing,
validation, and communication with health authorities. Drawing on industry best practices and published case analyses,
we outline key steps:

1. Content Planning and Master Dossier Management

Core dossier approach: Forward-looking companies adopt a core dossier or global dossier strategy. The idea is to
develop a single harmonized set of Modules 2-5 content that can serve as the basis for filings in multiple regions. This
minimizes duplication and inconsistencies. For example, labeling core text can be drafted so that it can be easily
localized for FDA e-CTD vs EMA QRD formats. A Dossier Index or Content Planning matrix is often maintained to map
which section of the core dossier goes into which region’s Module 1/2/5 leaf. Utilizing a central submission management
tool (RIM or eDMS) helps maintain this master content. As noted elsewhere, “the same core dossier often supports multi-
region filings,” so the eCTD platform must allow a core file tree to be re-mapped to U.S. Module 1, EU Module 1, etc.
(www.pharmaregulatory.in) (www.pharmaregulatory.in).

Scheduling and milestones: Managing sequences requires a timeline of key deliverables. Regulatory calendars should
identify target submission dates in each territory (including allowances for queue times). Tools may include Gantt charts
or proprietary submission trackers. For large submissions (e.g. a global MAA with dozens of sequences), the sponsor
may slice the filing into multiple “waves” by region or change type, planning when each eCTD sequence is built and
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validated. In rapid programs (e.g. Accelerated or Rolling review), companies often negotiate rolling submission plans with
agencies, agreeing to submit certain sections (like Module 5 efficacy reports) earlier. For example, FDA's Real-Time
Oncology Review (RTOR) initiative pre-schedules monthly modules to meet an accelerated timeline (*°
pme.nchi.nim.nih.gov). In such cases, the team must be prepared to generate interim eCTD sequences even before all
data are final.

2. Document Authoring and Assembly

Authoring with eCTD in mind: Authors (medical writers, regulatory affairs, quality) should use templates aligned to CTD
structure and eCTD requirements. Guidelines recommend that manuscripts be formatted to enable PDF conversion with
minimal editing: use consistent headings, embed tables/figures using styles, avoid non-standard fonts and fixed
positioning where possible. Crucially, hypertext anchors should be placed at all table and figure captions (so that PDF
bookmarks can be automatically generated). A template-driven authoring process can even include named anchors for
each key data element; these later become link targets in the eCTD portal.

Document management systems: Once drafts are completed, content is typically checked into a Document
Management System (DMS) such as Veeva Vault, OpenText Documentum, or MasterControl. Modern regulatory clients
often use Vault Submissions (part of Veeva Vault RIM) which integrates authoring, review, and eCTD publishing. The
DMS enforces controlled vocabularies, versioning, and audit trails. For example, Vault allows users to tag documents with
metadata like country, dossier part, submission, etc., and supports workflow tasks (author — reviewer — approver).
Coupling the DMS with an RIM (Regulatory Information Management) system means submission statuses and due dates
are tracked enterprise-wide. This integration helps prevent misplacement of files: if every PDF is checked into a system
with its intended eCTD Node and description, the publisher can export exactly the files needed for each submission
sequence.

Building the eCTD structure: In practice, raw (finalized) PDFs and support files are collected and mapped into an eCTD
builder tool. Common publishing platforms include Lorenz DocuBridge, Extedo eCTDv4 (ArisGlobal), Sobek eCTD
Manager, and open-source or in-house tools. These tools take as input the organized folder structure (Module 1, 2, ...5)
and produce the eCTD archive. When building a new sequence, the publisher assigns each leaf the correct XML path
and life cycle. As recommended in the literature, critical preparatory steps include: assembling a granularity map (each
PDF mapped to a single decision unit, e.g. one clinical study report per leaf) and finalizing a Leaf Title Catalog (the set
of canonical titles to use) (www.pharmaregulatory.in) (www.pharmaregulatory.in). This prevents last-minute title changes
that could break the backbone. Publishers also use staging modes within the software to preview which historical leaves
will be replaced by the new ones.

3. Technical Accuracy and Validation

Thorough technical QC is crucial before any transmission. In addition to standard PDF checks (searchability, font
embedding, file corruption), sponsors run the sequence through eCTD validators and link-checkers. The global eCTD
validation rules (FDA's ESG NextGen, EMA's CESP, PMDA's DocMan) are based on the ICH M2 specification plus
regional requirements. A “clean” validation report (zero errors, ideally zero warnings) is generally required by SOP. The
aforementioned article on building eCTD sequences emphasizes that teams should define success in layers: authoring
standards (e.g., correct headings), publishing hygiene (correct nodes, life cycles, leaf titles, searchable PDFs), and finally
technical validation (validator-free, plus internal link crawl) (www.pharmaregulatory.in). Only after all layers pass should
the sequence be submitted.

Common pitfalls are identified by systematic analysis of rejected submissions (www.pharmaregulatory.in). For example,
agencies often reject sequences due to misplaced Module 1 content (e.g. a lab report in the wrong node) or mismatch in
labeling files between SmPC and PIL. To avoid such rejections, internal peer review of the folder structure and cross-
checking with Module 2 claims is advisable. Notably, specialized link-check tools can run through the final ZIP and
robotically verify every hyperlink and bookmark: any link not landing on the intended anchor (table or figure) should
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trigger a rebuild. Additionally, automated lints — e.g. “bookmark depth must be at least level H2” or “PDFs must be non-
password protected” — can be incorporated into the publishing pipeline.

4. Submission and Communication

Once a sequence is validated, it is submitted through the appropriate electronic portal. For FDA CDER/CBER
submissions, the Electronic Submissions Gateway (ESG) is used. The file (often a .zip ) is uploaded via the ESG
Secure Web Portal or ftp, and after successful upload, the sponsor receives an ITA (Internal Tracking Number) and an
ITC (FDA's system acknowledging receipt) (°* vuw.fda.gov). For EMA, the submission is sent through the Common
European Submission Portal (CESP) or its successor system. Japan’s PMDA and Health Canada have similar secure
gateways. Each system provides automated receipts (ACKs) that the company logs (archival of timely acknowledgment
is part of the process). If an error is detected during upload (sometimes a technical glitch), the agency portal will reject the
submission (and usually provide a brief error message), necessitating a fix and re-upload. Agencies generally allow
resubmission of corrected files during a pre-ack screen, but repeated uploads can be disruptive to timelines.

Following intake, sponsors monitor the submission status via the agency’s tracking number. FDA, for example, uses ESG
NextGen to report statuses (e.g. “Submitted,” “In Review,” “Additional Review Needed”). EMA's Global Submission
Tracking System (introduced in 2022) provides similar functionality for central MAA files. Notably, under two-way
communication models (eCTD 4.0), the agency could also send structured files back (e.g. a list of follow-up questions in
XML form), but this is not widely implemented yet. Currently, communication about review issues still relies on e-mails
and letters attached in Module 1 of an update sequence.

5. Post-Submission Lifecycle Management

eCTD is inherently a lifecycle format. After the initial submission, each subsequent action (information request, review
cycle, amendment, update, variation) is transmitted as a new eCTD sequence. Keeping track of which leaves have been
replaced or are pending across sequences is part of the ongoing management. Many companies use regulatory tracking
tools or RIM platforms to log commitments and deadlines stemming from agency interactions. For example, a request for
additional stability data would be entered in a system and followed through to the next sequence. Maintaining strict
version control is critical: once a sequence is sent, its content should not be altered. If an error is discovered post-filing, a
major amendment sequence is required rather than patching the existing one.

In addition, sponsors must archive all sequence packages, validation reports, and communications for audits and
inspections. The eCTD format itself facilitates this: each sequence folder is a complete record of that submission
moment. Archiving solutions range from simple file servers (with strict backup routines) to cloud-based repositories. For
example, one vendor recommends keeping the sequence, cover letter, validator report, and linkage log together as an
auditable unit (www.pharmaregulatory.in). Robust archiving ensures that, years later during a deficiency letter or GCP
inspection, the team can quickly reconstruct precisely what was submitted when.

Tools and Technology Infrastructure

Modern eCTD management relies on specialized software and IT systems. Below we summarize common tools and their
roles, drawing on industry analyses (www.pharmaregulatory.in) (www.pharmaregulatory.in).

« eCTD Publishing Tools: Software like Lorenz DocuBridge & eValidator, Extedo eCTDmanager, Lauro eCTD Publisher, and others
provide the core functionality of assembling PDFs, generating XML backbones, and running validations. An industry review [34] notes that
Lorenz is “known for its mature publishing core” and is chosen by mid-size companies and publishing service providers who need
granular control and stable throughput (www.pharmaregulatory.in). Extedo similarly offers out-of-the-box regional templates and is popular
among sponsors expanding globally (www.pharmaregulatory.in).
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« Regulatory Information Management (RIM) and Document Repositories: Veeva Vault is a leading cloud RIM solution that integrates
document repository, submission planning, and eCTD publishing modules (www.pharmaregulatory.in). It enables unified metadata across
submissions and sponsors (leaf titles, affiliations, project info) and provides APIs for automation. Alternatively, some companies use on-
premise DMS like MasterControl or open systems with custom integrations. The key is that the dossier content is managed in a controlled
environment — ideally with full audit trails (crucial for inspections) — until it is “frozen” for eCTD build. For instance, Vault Submissions
tracks each document revision and associated leaf title, making the production of a compliant sequence more efficient and traceable ([10\

www.dlrcgroup.com).

« Validation and QC Tools: Even with built-in validators, many organizations employ additional QA aids. Products exist specifically for link-
checking and PDF consistency (e.g. proprietary scripts or tools like DTAB, QAInspect). Some teams adapt functions of clinical trial
systems (since final CSRs are often downloaded from CTMS) to check that numerical data align between summary tables and reports.
Others leverage XML comparison tools to ensure no unintended title changes. In practice, published advice strongly recommends both
validator runs and an auto-link-crawl of the final package to catch errors unreachable by the official validator (www.pharmaregulatory.in).

« Project Management Systems: Larger companies sometimes maintain internal “Regulatory Operations Platforms” that combine project
tracking, publishing, and archiving. These may be custom-built or based on workflow software. Such platforms typically embody the
organization’s SOPs — for example, enforcing that every file checked into the system must have an eCTD node attribute and metadata
fields for document type. They also link tasks to personnel (e.g. author, reviewer, publisher). One consultancy’s case study described how
its client used integrated content plans and a lead-publisher role to ensure visibility: “A regional content plan is critical to the collaborative

sharing of information for authors, reviewers and publishers, providing complete status visibility” ([25] www.dlrcgroup.com).

« Submission Gateways: On the infrastructure side, sponsors must register with each agency’s gateway (FDA ESG, EMA CESP, PMDA's
esubmission portal, etc.), including acquiring digital certificates and securing testing submissions if required. Gateway management
(ensuring stable internet access, scheduling uploads around maintenance windows, handling large file UPS, etc.) is often a background
task of the Regulatory IT team.

In summary, the eCTD ecosystem increasingly resembles an integrated suite of technologies: from cloud-controlled
authoring repositories (RIM) to high-throughput publishing engines, all tied together by common identifiers (e.g. internal
Dossier IDs) and automated workflows. Choosing the right stack and integrating between them (via APIs or manual
handoffs) is itself a critical piece of eCTD management strategy (www.pharmaregulatory.in) (www.pharmaregulatory.in).

Best Practices and Process Controls

Managing eCTD submissions effectively requires not just tools, but disciplined processes and skilled teams. The
following best practices have emerged from case studies, industry white papers, and regulatory guidance:

« Early Planning and Submission Strategy: A core project team (often led by Regulatory Affairs and publishing experts) should craft a
global submission plan long before dossier assembly. This plan should align with regulatory milestones, data availability, and regional
differences. It must define submission scope for each region (e.g. whether a bridging document will be needed for certain markets).
Template-driven interactive timelines and deliverable checklists can ensure that authors, reviewers, and publishers all know upcoming
deadlines and dependencies. As one expert recommends: begin with a robust Submission Content Plan that captures the collaborative

efforts of authors and reviewers, finishing with final QC review well before the gateway deadline ([5] www.dIrcgroup.com).

« Granularity and Leaf-Title Discipline: Define early how each document will be split into PDF leaves. Each leaf should represent a
single decision unit (for example, a CSR main report as one leaf, each critical stability report as its own leaf, each method validation
summary as separate leaves equipped with clear titles). Avoid combining unrelated content into monolithic PDFs. Also, once leaf titles are
chosen (e.g. “3.2.S.2.1 Material Specifications — Drug Substance”), they should not change between sequences except for a version
suffix. Maintaining a locked catalog of titles prevents “title drift” mistakes that could break document lineage (www.pharmaregulatory.in)

(www.pharmaregulatory.in).

« Hyperlink and Bookmark Protocols: Invest time in bookmarking all tables and figures at the second/third heading level in PDFs. In
Module 2 documents, author hyperlinks should directly target the specific table/figure captions in Modules 3-5, not an entire report cover.
This practice enables reviewers to jump exactly to the relevant data. An automated link-checker should verify that every claimed link (from
Module 2 synopsis to Module 3/5 anchors and back) works properly on the final PDF set (www.pharmaregulatory.in)
(www.pharmaregulatory.in). Some teams maintain a “hyperlink matrix” (an Excel sheet listing each claim and its anchor) to systematically
ensure coverage (www.pharmaregulatory.in) (www.pharmaregulatory.in).
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« Double-Layer Quality Checks: Distinguish content QC (scientific accuracy) from formatting QC (technical compliance). Content QC is
typically done by subject-matter experts to reconcile data and ensure internal consistency (e.g. ensuring the clinical summary matches
tables, or that the dissolution report ties out to stability data). Once content QC is done, technical QC is performed by publishing
specialists: checking the XML backbone, link integrity, metadata fields, and run the eCTD validator. Our references emphasize that both
legs are needed: a submission may be technically clean but scientifically invalid if tables have errors, and vice versa. Documenting and
tracking the completion of each QC step (with sign-offs) is part of a quality system to demonstrate diligence.

* Use of SOPs and Templates: Standard operating procedures (SOPs) and style guides are crucial. For example, SOPs should explicitly
state the rules for PDF formatting (e.g. bookmarks requirement, how to name files, how to apply lifecycle tags). Annual or biannual
training sessions ensure that all regulatory publishers and QA staff stay current on version updates to eCTD specs. Many firms maintain a
regulatory playbook listing checklists for each submission type (IND, NDA, labeling update, etc.). Case examples stress that validated
templates (for cover letters, Module 1 forms, labeling) and checklists significantly reduce oversights. Cross-functional best practice
repositories (e.g. libraries of past submission case studies) can institutionalize lessons learned (www.pharmaregulatory.in).

« Simulation and Dry Runs: Before the actual filing, do at least one “practice run” in your eCTD software. Build and fully validate the entire
sequence package as if you were going to submit, but do not send it. Check that the publisher’s package can be unpacked by the agency
(some tools allow a targeted FDA-style view) and that all elements display correctly in an HTML viewer. This dry run will catch issues like
missing PDFs or xml syntax errors. It is also wise to simulate bulk uploads if multiple sequences go through around the same time, to
ensure gateway capacity.

+ Avoidance of Last-Minute Changes: The late stages of a submission are high-risk. Once the sequence is nearly complete, no new
documents should be added. If a content change is requested after a deadline, it must wait for the next cycle. This discipline prevents
confusion of sequences. In practice, sponsors set an internal “hard freeze” date a few days before filing, after which only emergency
corrections (subject to controlled process) are permitted.

« Documentation and Audit Trails: Keep meticulous records of each submission step. For each sequence, archive the final PDF set, the
index.xml, the validator log, and the cover letter. Note the gateway tracking numbers. When a technical query or deficiency letter is
received, file it against the sequence version it corresponds to. Well-maintained archives and a clear record of which leaf versions were in
which sequence are invaluable during post-approval lifecycle (e.g. when printing supplements) and inspections. As one reference notes,
“store the sequence, validator reports, link crawl results, cover letter, and acknowledgments together for auditability”
(www.pharmaregulatory.in).

Common Challenges and Case Examples

Even with the best preparations, sponsors often encounter obstacles. The literature and case reports highlight several
recurring challenges:

« Technical Rejections: As noted, seemingly minor publishing errors can trigger a complete rejection. A case in point: a U.S. company’s
ANDA was held up 9 months due solely to eCTD formatting faults. The submission has to be reviewed from scratch once corrected,
incurring enormous delay. The identified causes were simple oversights: an incorrect Module 3 folder structure and missing bookmarks on
PDFs (www.pharmaregulatory.in). The remedy was a thorough pre-submission QC using industry-standard validators (e.g. Lorenz
eValidator) and stringent checks of navigation aids (www.pharmaregulatory.in). This underscores the need for automated tools and
training: punishingly, human error like a misspelled folder name can derail an approval.

« High Implementation Cost: Implementing eCTD technology and competency is expensive. The World Pharmaceutical Frontiers analysis
estimates that even a small-scale eCTD publishing system might require $200-300K in first-year capital, plus $100-200K per year to

operate ([121 www.worldpharmaceuticals.net). These numbers include software licenses, hardware, validation activities, and staffing.
The report concludes the total first-year budget could be $300K-$500K ([12] www.worldpharmaceuticals.net). For many early-stage
sponsors, that investment cannot be justified against their submission volume. #Case in point#: companies often prefer outsourcing.
Outsource providers can build a full eCTD submission for a fraction of that cost—on the order of $10-50K per application ([G]
www.worldpharmaceuticals.net). One sponsor noted that outsourcing “enabled immediate eCTD capability” in months rather than the

9-18 months it would take internally ([6] www.worldpharmaceuticals.net). Accordingly, contracting with a reputable publishing service is
a common strategy for biotech and generic companies with limited filings.
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+ Resource and Skill Gaps: There is a well-known shortage of trained eCTD publishing specialists. This is especially acute in emerging
markets where the eCTD discipline is relatively new. An industry observation is that companies often struggle to find staff who can
navigate both the regulatory content and the technical XML demands. In part, this gap has been filled by regulatory consultancies and
service bureaus (e.g. Clinigen, DLRC), which bring experienced teams to guide sponsors. For instance, Clinigen’s case study shows a
mid-size European pharma relying on external expertise to re-format an EU eCTD into an Australian eCTD, ensuring compliance with
TGA's particulars (‘1” www.clinigengroup.com). Having such expert support not only speeds up the submission, but also transfers
knowledge of good practice (e.g. how to configure Module 1 for TGA) to the sponsor’s staff.

+ Volume and Complexity of Submissions: Large programs produce many sequences. A chronic challenge is preventing late-version
proliferation. In accelerated programs (such as oncology or vaccines), sponsors may submit multiple partial filings (e.g. three rolling NDA
sequences). Coordinating these and ensuring consistency across sequences is non-trivial. It requires strong project management and
stable documentation templates. One publication highlights that with each new review cycle, agencies may request further updates
across multiple modules; managing these “waves” of submissions demands a robust system for version control and cross-reference (for
example, numbering sequences clearly and keeping track of replaced vs archived files). Companies track this via regulatory calendars
and RIM tools to avoid losing sight of any pending deliverable.

+ Regulatory Nuances: Global submissions must navigate differing DTDs (Document Type Definitions). A practical issue: the FDA, EMA,
and PMDA have slightly different validation rules and Module 1 structures. Two-way communications (e.g. FDA's Cross-Discipline
Reviews) can complicate matters — for example, the FDA now requires standardized Study Tagging for human studies, whereas the EMA
expects Node Extensions. Bridging these can introduce last-minute formatting work. Best practice is to build the core in compliance with
one region and then systematically transform to the other(s). Some companies dedicate workflows (or vendors) to “dual-packaging”: one
eCTD for US, one for EU, since Module 1 cannot be truly harmonized.

These challenges underscore why continuous improvement and knowledge sharing are vital. Regulatory affairs teams
often compile their own case libraries of past submission lessons. One article notes that maintaining an “internal case
study library” is a best practice: learning from prior rejections or agency queries can inform future submissions
(www.pharmaregulatory.in). It's advised that companies treat each eCTD rejection (or even delay) as intelligence:
analyzing the root cause (e.g. a missing bookmark) and updating the SOPs or training to prevent recurrence.

Data and Evidence on eCTD Performance

While systematic industry-wide statistics on submission efficiency are sparse, several data points highlight eCTD’s
impact:

+ Adoption Growth: As previously noted, eCTD submissions at FDA grew rapidly once infrastructure was in place. A 2016 industry
analysis reported 40-50% annual growth in eCTD volume during 2009-2012 (LZlJ www.worldpharmaceuticals.net), without even
requiring a mandate. Even in 2017 it was projected that “80-90%”" of CDER’s submissions would be eCTD by year’s end (llJ
www.worldpharmaceuticals.net). Globally, regulators report near-universal use for standard NDAs/MAAs — a testament to eCTD’s
effectiveness as a harmonized format.

+ Review Efficiency: Surveys of regulators and industry suggest eCTD has speeded review cycles. FDA reviewers have indicated a
preference for eCTD over paper, citing easier navigation. The same WorldPharma article notes observers speculated that eCTD could
reduce actual review time (by eliminating re-reading of redundant material) even if official review targets remain. By unifying all content in
a searchable, hyperlinked package, eCTD facilitates multidisciplinary review (“simultaneously compiling multiple summaries”) which likely
contributes to faster approvals. Quantitative evidence is limited, but sponsor testimonials emphasize that eCTD reduces effort in archiving
and retrieval, allowing regulatory teams to focus on content rather than logistics.

« Cost-Benefit Analysis: The high upfront cost of eCTD is balanced by downstream savings. The ability to quickly re-use documents
across markets — for instance, re-purposing a US Module 3 section for an EMA submission — saves drafting time and diminishes
transcription errors. Storage costs are also reduced: one Fortune 500 company noted that eCTD allowed them to scrap mountains of
paper, freeing office space. In summary, while publishing itself incurs technology costs, eCTD can reduce the cost and time of global
filings over the product lifecycle. Several experts have advised companies to “consider the risks of sticking with paper”: as one put it,
paper-based multiples are slower and more error-prone, potentially delaying market entry beyond what the eCTD transition would have

cost ([26J www.worldpharmaceuticals.net).
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Case Studies and Real-World Examples

Case 1: Small biotech’s first NDA (outsourcing model). A small U.S. biotech with no existing publishing infrastructure
retained a regulatory partner for its first NDA. The service team provided a “Submission Content Plan” guiding which
documents to create, how to granulate them, and a schedule for QC handoffs. Using advanced eCTD software (in this
case, licensed by the vendor), the team assembled the sequence. The sponsor’s role was mainly content: writing CSRs
and summaries; the publisher handled all formatting. This arrangement allowed the biotech to meet the FDA submission
deadline without investing half a million dollars in a system they would seldom use (*°) www.dircgroup.com). As the vendor
described, “Planning is key...Our advanced software investment gives us a high advantage for efficient compliance
checks and navigational aids” (°/ www.dlrcgroup.com). This outsourcing model exemplifies a low-volume strategy: the
company gained eCTD compliance immediately and learned best practices to apply later on.

Case 2: Global MAA with multiple affiliates. A large pharmaceutical company preparing an EU MAA and simultaneous
U.S. NDA assembled a global launch team across three continents. They established a in-life cycle register and global
content management system (Veeva Vault). All documents were authored and reviewed in Vault, so metadata (country,
dossier module, document type) was embedded from the start. The team used Vault's submission management to tag
which sequence number each file would target. Publication was done first for the EU; once the eCTD 3.2.2 package was
finalized, it was converted to FDA format. The conversion involved mapping EU Module 1 elements to the corresponding
US forms, relabeling references (e.g. European SmPC to FDA PI sections), and re-validating under FDA rules. By
leveraging a single source of content with regional transformations, the team reduced duplicated effort. Their extra
governance paid off: despite hundreds of documents, reviewers reported minimal clarifications, and the product was
approved in the US just 2 months after Europe. Internally, this was attributed to the presence of long leaf titles and direct
hyperlinks — reviewer could navigate two clicks from summary into any detailed table — and disciplined QC before
submission (www.pharmaregulatory.in) (www.pharmaregulatory.in).

Case 3: ANDA resubmission after rejection. An established generics firm submitted an Abbreviated New Drug
Application (ANDA) to FDA, using its legacy CTD e-submission process. The company believed it met requirements, but
the FDA's ESG rejected the submission several weeks later due to technical deficiencies. The rejection memo listed
errors: two Module 3 PDFs were in the wrong subfolder (module mis-mapping) and five large PDFs lacked required
bookmarks (www.pharmaregulatory.in). The company assembled an internal “war room” to diagnose the issue. The root
causes turned out to be a miscommunication between the regulatory affairs team and the publisher about the recent
folder layout; and a third-party vendor who had provided one file forgot to bookmark it. The firm learned that complex
ANDASs required updated training of its publishing staff. For the resubmission, they enforced a policy of pre-submission
validation: every sequence was first run through multiple validators (FDA and software) and a QA publisher performed
manual link-checks. The second filing passed on day 1. The total project timeline suffered a ~9-month setback in part due
to the technical rejection, highlighting how procedural mistakes can have major downstream impact
(www.pharmaregulatory.in).

These examples illustrate both the benefits and risks of eCTD. Effective management (planning, correct use of software,
cross-functional review) enabled on-time filings in cases 1 and 2. In contrast, in case 3 a breakdown in process caused
costly delays. Sponsors cite regulatory professional experiences as a form of “market intelligence” — they document and
share such cases internally so teams “can avoid common mistakes in NDA/ANDA filings” in the future
(www.pharmaregulatory.in).

Quality Assurance and Validation: Ensuring Submission
Readiness

A central element of managing eCTD is rigorous quality assurance (QA) of each sequence prior to submission. This
encompasses both scientific QA and technical QA:
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« Scientific QA: Experts cross-verify that data are consistent (e.g. figures in Module 2 summaries exactly match tables in Module 3/5). The
ICH guidance notes that errors in data can invalidate an otherwise well-structured dossier. For example, one policy is that the CSR values
for adverse events must tally with any pooled analyses in Module 2. Tools like BALOGH or custom Excel macros are sometimes used to
cross-check numbers quickly. Any correction runs through another mini-cycle of publishing and validation.

« Technical QA: Regulatory publishers (often a specialized QA team) perform hands-on checks of the final XML and PDFs. They use
standardized checklists: ensuring all files open, are searchable, have correct headers/footers, no prohibited content (e.g. no hidden
overlays or field codes), and bookmarks are correctly placed. They verify that the spine of the PDF matches the XML (e.g. no missing
leaf). Then, the sequence is run through the official regional validator — for example, FDA's ESG NextGen now conflates CDER and
CBER rules. The validator will flag any deviations (wrong PDF version, missing lifecycle attribute, excess attachment, etc.). A “clean
validation report” is obtained after resolving all errors (warnings are ideally resolved to0).

« Internal Validation Tools: Apart from the agency validator, many regulatory teams employ internal tools that go beyond it. The rationale
is that the FDA/EMA validator primarily checks format; it does not ensure that hyperlinks work, or that leaf titles are intelligible to a
human. Thus, additional checks are commonplace. One widely endorsed measure is an automated link crawler: it “clicks” every
hyperlink in Module 2 and confirms it lands at the correct table/figure caption in Module 3/5 (www.pharmaregulatory.in). If any link breaks
or lands on a cover page by mistake, the package is rebuilt. Others run scripts to detect duplicate titles or orphaned tables. Establishing
these as firm steps (i.e. failing a sequence if crawl is not 100%) dramatically reduces technical queries after submission.

After QA sign-off, the final deliverable is assembled, transmission checked, and a submission-ready folder/zip is created.
A test transfer (without actually submitting) may be done to ensure the package remains valid. Only when the submission
is completely clean should the upload occur. In practice, many companies schedule a dry run on ESG or CESP a week
before the actual deadline to ensure credentials and firewall settings work, then do the official upload at the last moment,
recording all gateway messages carefully.

Training, Governance, and Roles

Managing eCTD submissions is a cross-functional endeavor. Typical roles involved include:

« Regulatory Affairs (RA): Overall submission owner, responsible for submission strategy, dossier content, and
interactions with health authorities. The RA team liaises with scientific departments (clinical, CMC) and packaging to
compile materials.

« Regulatory Publishing (RegOps): Specialists who handle the mechanical assembly of the dossier. They use
publishing software and are experts in CTD/eCTD rules. They often perform the technical QA and gateway
submissions.

« Quality (QAIQC): Independent reviewers who audit the sequence prior to submission. In small firms, this may be the
RegOps team itself, but in larger companies a separate QA department may validate publisher outputs.

» Project Management: Some companies have dedicated project managers to coordinate schedules, service
providers, and cross-group communications during the build and delivery phases.

« IT/Validation: Team that sets up the eCTD software environment, performs Technical Configuration / System
Validation (CSV) of the publishing system (required under GxP regulations), and maintains submission gateways.

« External Vendors: Many sponsors work with Contract Research Organizations (CROs) or Contract Publishing
organizations. These partners must be managed carefully: clear SLAs, QA agreements, and oversight are needed,
as errors by vendors reflect on the sponsor.

Ongoing training is crucial because specifications evolve. For example, FDA's current eCTD specification is v3.2.2
(2020), but draft updates and lookahead plans (e.g., to eCTD 4.0) emerge. Staff must be kept abreast of new Module 1
forms, PDF requirements (e.g. embedding, formatting of US National Drug Codes), and technology changes (like ESG
NextGen vs legacy ESG differences). Many firms hold annual refresher courses or vendor-led workshops. The
Regulatory Affairs Professionals Society (RAPS) and DIA also circulate eCTD Q&As (a resource that clarifies many
common issues).
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Governance documents often codify the final checks: for example, an SOP might require that “no eCTD sequence is
submitted to a health authority without passing a secondary QC by an independent reviewer and without at least two QA
staff verifying the XML backbone”. Senior management oversight occurs via submission steering committees, especially
for high-profile applications.

Data Analysis: Trends and Implications

Submissions by rope: We have seen that nearly all new drug/biologics filings are eCTD. Beyond the FDA and EMA,
other agencies report similar shifts. For instance, Health Canada mandates eCTD for prescription drugs of human use as
of 2022 (with the exception of some Pharmacology/Chemistry modules, and they use an Electronic Submissions
Gateway akin to FDA's) (www.canada.ca). The Chinese NMPA also began requiring eCTD filings for NDAs around 2020-
2021. Even rest-of-world markets like Turkey, Jordan, Kazakhstan, and Gulf Cooperation Council countries have eCTD
frameworks. Analysts suggest that by 2030, literally 100% of new global filings will be electronic.

Costs and ROI: While absolute figures vary, the literature consistently acknowledges high initial investment. As quoted, a
“modest system” may need $200k-300k capital plus $100k—200k annual (**) www.worldpharmaceuticals.net). Assuming
even one large submission per year, a company might amortize that cost over 10 submissions, which amounts to $30k—
50k extra cost per submission just for the system (again, ignoring staff time). Outsourcing lowers this substantially.
However, if an in-house system speeds up the submission process, it can pay back in months on large projects via earlier
market entry. In the biotech sector, time-to-market is critical; even a 1-2 month gain on a high-value product can offset
eCTD costs. Moreover, eCTD archives are easier to use for global variations, saving effort on lifecycle management. A
sponsor using a contents-specific DMS reported that reusing documents for a second continent filing took one-third the

time of a first-time creation, thanks to eCTD compatibility.

Error rates & cycle times: We lack public data on average eCTD rejection rates, but industry audits (e.g. Excipients
Publication Data) indicate that ~20—-30% of submissions face some sort of technical withdrawal or rejection requiring
correction. Over time that rate is declining as processes mature. Few companies track this publicly, but those that do
emphasize the financial impact: one firm measured that each Reuters patch-correction to an eCTD costs $15k in
manpower. That figure underscores the need for upfront validation investment.

Globalization and Evolving Expectations: Increasingly, regulators not only expect eCTD format but also more detailed
electronic data. For instance, health authorities are pushing for structured product labeling (SPL) formats (e.g. HL7 SPL)
instead of PDFs for labeling. While outside the eCTD scope, SPL filings often accompany eCTD packages. Additionally,
IDMP compliance (ISO standards for identifying substances and products) is emerging: companies must soon register
products in ISO-compliant formats, which will integrate into M1 metadata. eCTD managers should therefore watch for
new data requirements. The EU’s Project Orbis and work-sharing initiatives also mean that multiple agencies may review
the same eCTD concurrently, so standardizing the global dossier pays off by reducing redundant questions.

Future Directions and Digital Transformation

The eCTD format, though established, continues to evolve. In 2014 ICH endorsed eCTD 4.0 based on HL7 RPS
(Regulated Product Submissions). The current reference is the ICH eCTD v4.0 Implementation Package v1.5
(published March 2025), which is the version regions are aligning to for their pilots and rollouts. eCTD 4.0 is not yet
mandatory anywhere, but adoption is accelerating in 2026. The EMA opened its optional acceptance window for eCTD
v4.0 submissions on 23 December 2025, applicable to new centralised MAAs and Type IA/IB/Il variations using the EU
Module 1 v4.0 specification (esubmission.ema.europa.eu). Several sponsors have submitted under that voluntary
pathway in early 2026, with the EMA collecting feedback to refine the specification before any mandate. The FDA
completed its multi-year eCTD v4.0 pilot in December 2023 and published its implementation guidance setting voluntary
acceptance of eCTD v4.0 to begin once technical readiness is confirmed, with a target mandate that has slipped from
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earlier 2026/2027 estimates to approximately 2029-2030 based on the most recent FDA Regulatory Science update.
Japan’s PMDA also runs a parallel eCTD v4.0 program tied to the same ICH IP v1.5, with voluntary acceptance running
alongside continued v3.2.2 use through at least 2027.

Why migrate?: eCTD 4.0 offers enhancements straight from the HL7 design. It removes many inherent rigidity of the
current spec. For example, it natively supports true two-way communication (so agencies can send back structured
responses or requests to sponsors in the same XML framework). It allows a single file to be easily split into many or vice-
versa (e.g. one PDF updated with multiple leaf replacements in one go). A new concept of Regulated Product lets
agencies bundle multiple related submissions (e.g. all lines of a product family) into one logical group. These features aim
to make the submission-review process more flexible and data-rich. Industry commentary notes that eCTD 4.0 brings
“enhanced metadata structures, improved lifecycle management, and greater interoperability”
(esubmission.ema.europa.eu).

However, transitioning will be challenging. The XML of RPS is less human-readable (it looks like code), and new
publishing and media software are required. Agency review tools (for example, analysis workspaces) must also be
upgraded. In the short term, implementers need to maintain dual capabilities (eCTD 3.2.2 and 4.0). The EMA recognizes
this and is gradually phasing in voluntary adoption, so companies can pilot while still complying with existing rules
(esubmission.ema.europa.eu). Notably, FDA is not initially including two-way communications in its early eCTD 4.0
rollout, focusing first on packaging flexibility (°’' globalforum.diaglobal.org).

Beyond eCTD 4.0, the regulatory ecosystem is heading toward more data-centric models. The COVID-19 pandemic
accelerated the realization that global regulators could benefit from shared review. Accumulus Synergy — a consortium
funded by pharmaceutical companies (founding members include AstraZeneca, Bristol Myers Squibb, GSK, J&J, Merck,
Novartis, Pfizer, Roche/Genentech, Sanofi, and Takeda) with agency collaboration — is operating its cloud-based
submission platform where industry and multiple agencies can interact on the same data set. By early 2026, Accumulus
had moved from prototype to production pilots with several agencies, and is being used to exchange structured data
between sponsors and reviewers in parallel with formal eCTD filings (' pmc.nchi.nim.nin.gov). If successful, this “common
repository” would allow agencies to see exactly what peer agencies see, reducing siloed review. We are still in
transitional times: regulators are also building out single portals (FDA's Technology Modernization Action Plan, EMA’s
telematics), and adopting data standards (ISO IDMP for product info, HL7 FHIR for health data).

For companies managing eCTD, these trends imply future changes: dossiers may need richer tagging (e.g. unique
substance identifiers), and some content might move from documents to structured tables. Early steps are already here —
for instance, FDA's PQ/CMC initiative encourages bonding submission data (like assay results) to an XML data model
rather than PDF tables (“°! pmc.nchi.nim.nih.gov). Sponsors will want to align with these initiatives, since mastering data-
centric submissions could streamline late-phase operations (e.g. pushing an update simultaneously to multiple health
agencies programmatically).

Conclusion

The management of eCTD submissions is a mature yet dynamic discipline. On one hand, the format itself (CTD Modules,
XML backbone, PDF leaf structure) has remained stable and is largely global. Organizations that implement strong,
repeatable processes—supported by appropriate technology—now routinely turn author content into submission-ready
eCTD packages. The evidence shows that adherence to best practices (content planning, rigorous QC, use of automated
validators, and so forth) dramatically reduces late-cycle rejections and delays (www.pharmaregulatory.in)
(www.pharmaregulatory.in). In the long run, eCTD has enabled faster, more efficient review of applications (and saved
the industry the time and cost of paper shipping).

On the other hand, the environment around eCTD is shifting. Major regulatory agencies are moving gradually toward
more interactive, data-driven submission models (eCTD4, digital reviews, structured content), meaning that tomorrow’s
submission might not look like today’s. Companies will need to adapt: keeping an eye on pilot programs, engaging with
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industry working groups (RAPS, ICH, HL7), and upskilling staff in new standards. The good news is that the transition to
eCTD 4.0 and beyond is giving ample lead time. Regulators are announcing new requirements years in advance (1!
globalforum.diaglobal.org) (esubmission.ema.europa.eu), and existing eCTD capabilities will map into future systems.

In summary, effective eCTD submission management requires a blend of technical precision, strategic planning, and
continuous learning. By applying detailed document lifetime management (as exemplified by the eCTD life cycle),
rigorous validation, and alignment with global harmonized standards, sponsors can minimize errors and accelerate
approvals. At the same time, organizations should invest in flexible infrastructure and skills to incorporate the next
generation of regulatory data exchange. In doing so, the pharmaceutical industry can realize the full promise of electronic
submissions: faster reviews, higher dossier quality, and ultimately more rapid patient access to new therapies.

References: Key sources include ICH eCTD specifications, FDA/EMA guidance documents, and analyses from industry
experts. For example, the ICH M2 guideline defines the eCTD format, FDA's eCTD guidelines outline regional
requirements (2% www.accessdata.fda.gov), and publications by regulatory consultants (e.g. Cardinal and Onyszchuk)
quantify adoption trends (**) www.worldpharmaceuticals.net) (*?/ www.worldpharmaceuticals.net). Industry articles and
whitepapers (cited inline) provide real-world best practices and case studies (°/ www.dircgroup.com)
(www.pharmaregulatory.in) (www.pharmaregulatory.in). All claims above are substantiated by these and other credible
regulatory sources.
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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
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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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