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Executive Summary
The electronic Common Technical Document (eCTD) has become the global standard for regulatory submissions of

pharmaceutical and biologic products to health authorities, replacing older paper or non-standard electronic formats.

Developed under the auspices of the International Council for Harmonisation (ICH) in the early 2000s, the eCTD specifies

a hierarchical file structure (organized into Modules 1–5) with an XML “backbone” index that references all constituent

documents (typically in PDF). This structured approach has enabled harmonization of dossier content and expedited

review workflows. However, it imposes strict validation requirements: each submission must conform precisely to the

technical specification (folder organization, file naming, index content, data formats, linking of references, etc.) and to

agency-specific business rules (e.g. correct use of Module 1 regional tags, presence of metadata, allowable file formats).

This report provides an exhaustive analysis of eCTD validation requirements: the historical context and evolution of e-

submissions, the technical specification of eCTD, the variety of rule sets used by regulatory authorities (FDA, EMA,

Health Canada, PMDA, etc.), the common errors and validation failures observed in practice, and the tools and

processes sponsors use to ensure compliance. We review data on submission volumes and rejection rates, industry

experiences, and the regulatory implications of validation rigor. For example, FDA data indicate that although only about

2% of submissions are ultimately rejected for technical non-compliance ([1] en.ennov.com), this still translates to thousands

of dossier rejections given the millions of documents filed each year ([2] www.fda.gov). We include case studies illustrating

real-world validation challenges (e.g. missing or mismatched backbone files triggering immediate refusal) and note the

substantial downstream costs for industry, as a single refused application can cost up to $8 million per day of delay ([3]

www.docshifter.com).

Key findings include: health authorities routinely publish and update detailed validation rule sets (for example, Health

Canada’s eCTD Validation Rules v5.3 contains hundreds of specific checks, such as file size limits and folder naming

conventions (www.canada.ca) (www.canada.ca)); regulatory submissions must be pre-validated by the sponsor using

compliant software, since FDA explicitly uses “commercial off-the-shelf” validators (e.g. Lorenz eValidator) to check each

dossier ([4] www.accessdata.fda.gov) ([5] en.ennov.com); and enforcement takes the form of an “on hold” or Refuse to File
decision if high-severity errors are found (FDA issues warning notices and recalls that certain error codes will trigger

automatic refusals ([6] www.fda.gov) ([1] en.ennov.com)).

In the future, the eCTD format continues to evolve. FDA began accepting eCTD v4.0 in 2024 ([7] www.fda.gov), and EMA

will do so (optional from late 2025) (esubmission.ema.europa.eu). New rules (e.g. ICH M8/eCTD v4) introduce additional

metadata and content types (e.g. expanded controlled vocabularies). These developments imply further changes to

validation engines and sponsor practices. At the same time, there are opportunities for improved interoperability (linking

eCTD to real-world electronic data, integration with emerging regulatory information management systems, etc.). The

report concludes with a discussion of the implications of stringent validation – including cost/benefit tradeoffs – and

recommended future directions, such as leveraging automation to manage the growing complexity of e-submission rules.

Introduction and Background
In the late 20th century, as drug development data volumes exploded, regulators worldwide recognized the need for

standardized dossier formats. The Common Technical Document (CTD) was agreed under ICH in 2000 ([8]

pharmafile.com), harmonizing submission structure across regions (including Modules 1–5 for administrative, summaries,

quality, nonclinical, and clinical data). However, the CTD itself was format-agnostic – it defined the outline of content but

not how it should be delivered. Concurrently, advances in computing and the Internet drove the vision of fully electronic

submissions. In 1994 the Multi-Agency Electronic Regulatory Submission (MERS) project laid groundwork for

electronic data exchange, and after CTD harmonization the focus shifted to “Electronic Standards for the Transfer of

Regulatory Information (ESTRI)” ([9] pharmafile.com). This effort culminated in the electronic CTD (eCTD) standard,
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developed by ICH’s M2 Expert Working Group and released in final form in the mid-2000s ([9] pharmafile.com)

(www.ema.europa.eu). The eCTD specifies that dossiers be delivered as digital documents (typically PDF) organized in a

pre-defined folder and XML‐indexed format.

As an industry summary explains, “The eCTD defines a structured compilation of electronic documents arranged in

specific folders and referenced from a hierarchical data file in XML format” ([9] pharmafile.com). Each document in an

eCTD is included once and referenced by path and metadata, rather than transmitted repeatedly. The format is inherently

multiregional: Module 1 of the eCTD is regional (for example, US-specific “us-regional.xml” or EU-specific “eu-

regional.xml”), while Modules 2–5 follow the international ICH specification (often called ICH M4/M2 for the backbone and

file specifications) ([9] pharmafile.com) ([10] studylib.net). Notably, PDF is mandated for human-readable documents, to

ensure consistency; the eCTD rules generally forbid submitting Word or other proprietary formats.

By the late 2000s, major agencies had phased in eCTD. FDA accepted the first eCTD submissions around 2008, and by

late 2009 it expected most new drug and biologics applications be in eCTD format ([11] pharmafile.com). Similarly, the

European Medicines Agency (EMA) began accepting electronic dossiers around 2009 and mandated eCTD for new

centralised Marketing Authorisations from July 2009 ([11] pharmafile.com). In North America, Health Canada and the US

FDA gradually phased in eCTD with PDUFA performance goals: for example, FDA policy documents anticipated that 24

months after final guidance (circa 2009 for NDAs/BLAs) all major submissions must be eCTD ([12]

www.accessdata.fda.gov).Canada issued Module 1 guidance by 2012 (www.canada.ca), and required ever more

submissions in eCTD format in subsequent years. Regional bodies like CPT (in 2023) and PMDA (in other nations)

similarly announced mandates.

By 2025, eCTD is essentially the only accepted submission format for most high-level regulatory filings in the US, EU,

Canada, and Japan. Other formats (such as the older NeeS format used in Europe or paper) are deprecated or allowed

only in special cases. This ubiquity makes the burden of validation extremely important: regulators have instituted

rigorous automated checks that an eCTD conforms exactly to the published technical specifications and business rules.

The remainder of this report dives into those validation requirements and their implications.

The eCTD Specification and Structure

Basic Architecture and Components
An eCTD submission is a self-contained folder (or archive) with a defined top-level naming scheme (often

DocketName/0000  for the initial sequence, then 0001 , 0002 , etc. for subsequent updates). Each sequence folder

contains:

A single XML backbone file (e.g. index.xml  per ICH, and a regional file such as us-regional.xml  or eu-

regional.xml ) that defines the content hierarchy and links to all documents included in that sequence.

All the supporting documents (typically PDF, but sometimes images, spreadsheets, etc., subject to allowed formats),

organized into the tree of subfolders that mirror the CTD module/section structure.

For medicinal products, an optional Study Tagging Files (STFXML) file if applicable, to index tabulated

pharmacology/toxicology studies as separate resources.

The backbone XML declares leaf nodes and branch nodes of the submission tree. A leaf node corresponds to a particular

document (e.g. a PDF file) and is associated with attributes (title, filename, etc.) in the XML. For example, an entry in

index.xml  might look like this (simplified):

<leaf>

 <file id="F3" location="M5-5-4/Study_Report.pdf"/>
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 <title>Study 0012 Report</title>

 <subject>...</subject>

 <revision-history ...

</leaf>

This ensures each document is indexed. Modifications or continuity across sequences are performed by tagging each file

with an <action>  element (A for add, R for replace, D for delete), implementing the lifecycle of the dossier. Proper use

of these actions is critical: for example, trying to “replace” a file that does not exist in the previous sequence, or skipping

sequence numbers (e.g. submitting 0003 without 0002), are validation errors (www.canada.ca) (www.canada.ca).

Modules 2–5 follow the global CTD content outlines (Quality, nonclinical, clinical), but Module 1 is region-specific. For

instance, in US eCTDs the us-regional.xml  includes administrative forms (like FDA Form 356h), cover letters, FDA-

specific narratives (e.g., establishment names, marketing history), etc. In EU submissions, eu-regional.xml  includes

the forms for a Marketing-Authorisation Application (MAA) and other EU-specific content. Each region also has its own

schemata, stylesheets, and controlled vocabularies to ensure consistency in the XML format.

File Formats and Naming: eCTD rules strictly specify permitted file types (for example, only PDF/A-1b or PDF/A-2b for

PDFs, maintaining OCR text layer, no encryption, etc.) and naming conventions (no spaces, restrictions on characters,

uniqueness of filenames). Even details like capitalizing file extensions can matter in some loci. The FDA’s eCTD

Implementation Guide and technical conformance guide document, for example, define exact allowable MIME types and

extension lists. Health Canada’s v5.3 rules flag invalid extensions as errors (www.canada.ca). Similarly, individual module

leaf titles must match approved lists per ICH CTD (and regional titles for M1). The FDA published a Table of Contents

Headings and Hierarchy to standardize the labels used in Module 1 folders such as M1-3-3-1  for Specimen Labeling,

etc. (It recently updated that Toc list in Feb 2025 ([13] www.fda.gov)).

Lifecycle and Versioning: Each submission (often called a “sequence” or “transaction”) builds on the last. The folder

names are numeric: typically the initial submission is 0000 , then an amendment or response is 0001 , etc. Health

Canada’s rules require sequences to increment by 1 without gaps (www.canada.ca). Each file in a new sequence retains

the same name if unchanged, or is replaced/deleted according to its action. The index also includes a unique doc-id

GUID for each submission, which regulators use to track the dossier across sequences (and alignment of data in their

systems). Publishing tools automatically generate these GUIs and maintain the publishing metadata. If any part of this

structure is off (for example, an out-of-order sequence folder name), the validation catches it (www.canada.ca)

(www.canada.ca).

In summary, the technical specification defines a very rigid structure: correct order of files, correct metadata tags, and

exact formatting (PDFs must be PDF/A, XML must be well-formed and valid against schemas). If any file is missing,

misnamed, inaccessible, or contains unallowed content, a validation error will be raised. The next sections discuss in

detail how these specifications are enforced, and what sponsors must do to comply.

eCTD Validation: Goals and Processes
Validation in the eCTD context means an electronic check of a submission package against a set of rules and

specifications. The primary goal is to ensure the submission is complete, self-consistent, and compliant with the agreed

technical standards before it enters substantive review. Validation has two facets: (1) Structural validation – verifying

that the dossier’s XML, folder hierarchy, and file properties adhere to the technical spec; and (2) Content and business
rule validation – verifying that mandatory elements are present (e.g. required M1 forms, appendices) and that they make

sense (e.g. file sizes not too large, no duplicate IDs).

Regulatory agencies perform automated validation on every eCTD. The FDA, for example, has conducted eCTD

validations for well over a decade ([1] en.ennov.com). The FDA uses a commercial off-the-shelf (COTS) validation tool to

execute the structural checks ([4] www.accessdata.fda.gov) ([5] en.ennov.com). Companies are expected to use a
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comparable tool internally before submission to catch issues early. The FDA even hints at this in training materials: “FDA
uses a COTS product to validate eCTD submissions. For more information, review Specifications for eCTD Validation

Criteria.” ([4] www.accessdata.fda.gov). In other words, sponsors cannot rely on their own judgment alone; they must pass

the same tests that the regulator will apply.

Typically, eCTD validation occurs in stages. Pre-submission: sponsors use vendor tools (from companies like Lorenz,

EXTEDO, EMPOWER, PAREXEL, etc.) to run a validation against the official criteria for the target region. These tools

produce reports listing errors and warnings. Industry consultants emphasize that because agencies update validation

rules frequently (e.g. see the many version notes on FDA’s site ([14] www.fda.gov)), it is very important to use the latest

criteria and software version before filing ([15] www.onixls.com).

Upon submission, the electronic gateway of each agency automatically receives the package and validates it. If high-

severity errors are found, the dossier is effectively rejected or refused to file (RTF). The FDA, for instance, classifies

errors as High, Medium, or Low severity ([16] en.ennov.com). A High-severity error means the eCTD is invalid at a basic

level (e.g. missing core files) and the submission is considered not received. The agency’s policy (as reiterated in FDA

notices) is that certain error codes (identified by rule numbers) trigger an automatic Hold or RTF, requiring the sponsor to

fix and resubmit ([6] www.fda.gov) ([1] en.ennov.com). For example, an FDA guidance notice (Federal Register, Aug 2021)

explicitly warned that eCTD validation rule errors numbered 1306 and 1323 (among others) will lead to refusal to file

unless corrected ([6] www.fda.gov). The exact enforcement mechanism varies by agency: some may allow minor issues to

be resolved by a brief inquiry, but on core technical failures there is no workaround besides resubmission.

If validation passes or has only “low” issues, the submission is technically accepted and then routed to reviewers. Even

then, some “medium” issues (rating semantics or formatting nuances) might not block filing but could later prompt queries

from reviewers. High-severity validation issues, however, must be corrected beforehand.

In practice, the validation criteria each agency uses are often publicly documented or derived from published

specifications. The ICH itself has published technical documents (e.g. the eCTD backbone DTD and stylesheets) and a

Q&A wiki on the ICH.org site. Agencies typically maintain a “submission standards” repository: for example, FDA’s eCTD

Submission Standards page lists the Specifications for eCTD Validation Criteria (current version 4.5, with future v4.6,

v4.7 as of 2022) and an eCTD Conformance Guide ([17] www.fda.gov) ([18] www.fda.gov). Health Canada publishes its

validation rule set in a guidance document (the excerpt in the last section is from the Health Canada eCTD Validation
Rules v5.3).

Each validation rule has an identifier (like A01, B17, etc. in Health Canada’s schema) and a defined severity (Error or

Warning). Errors must be fixed; warnings should be reviewed. For example, Health Canada rule A03b flags any PDF

>200MB as an Error, while A03a only warns for 150–200MB (www.canada.ca). Table 1 (below) illustrates common FDA-

grade errors and their causes (drawn from FDA training materials)，and Table 2 shows sample rules from a Health

Canada v5.3 eCTD rule set. These demonstrate how precisely errors are defined and categorized.

Error / Symptom Possible Cause (Illustrative)

Duplicate sequence number The folder sequence (e.g. 0002) has already been submitted previously ([19] www.accessdata.fda.gov).

Missing backbone XML No index.xml  (or regional XML) was included, or it had a bad name/path. (
[20] www.accessdata.fda.gov)

No files (“No data”) The submission folder contained no document files; essentially empty content (
[20] www.accessdata.fda.gov).

Corrupted media Files could not be read (broken PDFs, incomplete zip, etc.) ([20] www.accessdata.fda.gov).

Form mismatch The eCTD’s application number in XML didn’t match the number on the FDA form (
[21] www.accessdata.fda.gov).

Sent to wrong Center File was routed to CDER instead of to CBER (or vice versa), based on form type (
[22] www.accessdata.fda.gov).

Table 1: Example FDA eCTD rejection errors and root causes ([23] www.accessdata.fda.gov). A single such high-level error
(marked as High severity) causes FDA to consider the submission not received.
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Rule ID Rule Name Severity Description (from Health Canada eCTD v5.3)

A01 Empty Folders Error Flags any folders in the sequence with no content (www.canada.ca).

A03a File Size (warning) Warning Warns if PDF between 150–200MB (or other files 100–200MB) (www.canada.ca).

A03b File Size (error) Error Errors if PDF >200MB or non-PDF >1GB (www.canada.ca).

A05a Sequence  Requirements Error Initial sequence must be “0000”; any misnumbering flags error (www.canada.ca).

A05b Higher sequence without base Error Error if a sequence (e.g. 0003) appears without its predecessor (0002).

A06a XML Backbone Identification Error Checks for the presence and validity of the XML index (ICH + regional) (www.canada.ca).

A06b STF Identification Error Checks presence and naming of Study Tag Files (STFXML) if provided (www.canada.ca).

Table 2: Sample eCTD validation rules from Health Canada’s v5.3 rule set (www.canada.ca) (www.canada.ca). Fields
include rule ID, an error/warning flag, and description. (Health Canada uses letter prefixes to group rules; A–E are

general checks, F–I file-level checks, etc.)

These tables illustrate the granularity of validation: missing a single document, using an unsupported file extension, or

even just misnaming a file can trigger an immediate error. Sponsors therefore must rigorously use validation tools. As an

industry whitepaper notes, “the simplest deviation … can make your eCTD submission invalid, which would mean timely
and costly resubmission.” ([24] www.onixls.com) Typical pitfalls include incorrect PDF formatting (embedding fonts, fonts

password-protected, or wrong version) and navigation errors (broken hyperlinks/bookmarks in PDFs) ([25]

www.onixls.com).

Validation Tools and Industry Practice
Because manual checking of thousands of files is impractical, sponsors rely on specialized software solutions from life

sciences vendors. Some popular eCTD publishing and QC products include the Lorenz DocuBridge/eValidator suite

(used by FDA), EXTEDO eCTDmanager, ArisGlobal eCTD Solutions, PAREXEL eCTD tools, and OpenText/LibreHealth

platforms. These tools incorporate the official validation logic and often allow the user to select which regional

specification to validate against (US, EU, Japan, etc.).

For example, FDA has published that it uses Lorenz eValidator version 23.1 for eCTD submissions (both v3.2.2 and

v4.0) ([26] www.fda.gov) ([27] www.fda.gov). Pinnacle 21 Enterprise is also listed on FDA’s site, but it is used for clinical data

(SDTM, SEND) validation, not for eCTD structure ([28] www.fda.gov). Health Canada suggests sponsors “use a

commercially available tool to validate their regulatory transactions in eCTD format, prior to filing them to Health Canada”

(www.canada.ca). Indeed, many tools allow batch validation of entire application branches or cross-sequence linking to

catch issues early.

Even small companies often outsource their final validation. The cost of a late-stage validation error is high: aside from

submission fees lost, any delay in drug approval timeline is extremely costly ([3] www.docshifter.com). Similarly, regulators

provide compliance help; the FDA’s Small Business Assistance center has web-based training indicating exactly which

structures cause RTF ([23] www.accessdata.fda.gov), and the EMA holds periodic webinars on eCTD tool usage and

common errors.

Table 1 above compiles a few of the most common error outputs by FDA’s eCTD validation tool. Consulting firms warn

that formatting consistency is critical: eCTD documents “must adhere to specified formats” or they will be flagged ([25]

www.onixls.com). In interviews with regulatory experts, common failures include using wrong PDF versions, having

incorrect bookmarks, or omitting required appendices. A consulting blog reports that “recurrent eCTD validation criteria

changes mean eCTD validation issues are particularly common” ([15] www.onixls.com). These sources stress that staying

up-to-date on the latest criteria is a continuous task – a missed update can invalidate an entire package.

Overall, eCTD validation is not just a formality but an integral part of submission quality assurance. Proper validation

prevents wasted review cycles and ensures the agency receives a consistent, review-ready dossier.
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Regulatory Perspectives and Requirements
Each regulatory agency has codified its eCTD expectations in guidance documents or technical specifications. While

based on the ICH eCTD spec, regional differences (mostly Module 1 requirements) mean that validation must be done

against region-specific criteria. Below we outline leading authorities’ approaches:

United States (FDA): CDER and CBER have progressively tightened requirements. The final FDA Guidances for

Industry (PDUFA IV) enacted mandatory eCTD use: by 2009 (24 months from guidance), all original NDAs/BLAs and

major supplements had to be eCTD ([12] www.accessdata.fda.gov); by 2010 IND submissions followed. The FDA

publishes a comprehensive “eCTD Technical Conformance Guide” and “Submission Standards” web pages (as seen

in the FDA’s eCTD v3.2.2 and v4.0 standards tables ([29] www.fda.gov) ([30] www.fda.gov)). These list every relevant

document: eCTD backbone specs (ICH M2), US Module 1 schema, stylesheets, controlled vocabularies, etc. The

FDA also regularly issues Federal Register notices updating policies (for example, announcing formal support of

eCTD v4.0 from Sep 16, 2024 ([7] www.fda.gov) ([31] www.fda.gov), and specifying which validation rule codes are high-

severity ([6] www.fda.gov)).

The FDA’s enforcement is strict. For example, its Regulatory Procedures Manual states that “NDAs will be refused if the

required human prescription drug labeling cannot be reviewed due to non-standard format or info” – implying that major

structural errors (recognized in validation) halt the review. A small business guidance even explicitly lists results of failed

checks (as in Table 1) to warn filers ([23] www.accessdata.fda.gov). The bottom line: FDA expects flawless technical

compliance, supported by their own validator.

European Union (EMA and National Competent Authorities): EMA and EU member states follow ICH eCTD

v3.2.2 (Module 2–5) plus an EU-specific Module 1 outline. Historically, Europe also accepted a transitional NeeS
(non-eCTD electronic) format until around 2015; post-2010, however, centralized (CAP) filings must be eCTD. EMA’s

eSubmission website publishes the official EU Module 1 Specification and Validation Criteria (organized by

version numbers). For instance, as of mid-2025 EMA was implementing Module 1 v3.1.1 and its associated

Validation Criteria v8.2 (esubmission.ema.europa.eu). The EMA site explicitly announces effective dates: Module 1

v3.1 was accepted Oct 2024, with mandatory submission compliance by Mar 2025, and the v3.1.1/8.2 package

accepted Oct 2025 with mandatory use by Dec 2025 (esubmission.ema.europa.eu) (esubmission.ema.europa.eu).

Such communications highlight that both the Module 1 structure and its validation rules evolve over time.

EMA’s Harmonisation Group also contributes guidance (e.g. the Harmonised Guidance eCTD documents) that influence

validation. National authorities (e.g. MHRA in the UK, Swissmedic, etc.) may have slight variations, but generally follow

the EU M1 spec and rules. EMA validations similarly produce detailed reports listing missing or misplaced documents.

Anecdotally, European agencies will refuse to accept an MAA if key pieces (e.g. EU Product Information, or missing eAF,

or non-compliant cover letter) are absent, analogous to FDA.

Canada (Health Canada): Health Canada requires either eCTD or an older non-eCTD electronic format (e.g. Seq: or emerge NDAs)

depending on product category (www.canada.ca). It provides detailed Guidance on Preparation of Drug Regulatory Activities in eCTD
Format and implements eCTD v3.2.2 (with Canadian Module 1 v2.0) for drugs. In Dec 2025, Health Canada updated its standalone

“Validation Rules” guidance (version 5.3) (www.canada.ca). This explicitly aligns with ICH v3.2.2 and the Health Canada Module 1

guidance. It emphasizes the goal: “to help ensure Sponsors provide a valid electronic transaction to Health Canada, and reduce errors

and follow-up” (www.canada.ca). As shown in Table 2, the HC rules enumerate dozens of specific checks. Health Canada explicitly states

that every transaction is validated on receipt; if validation fails, they will send a comprehensive report of each error to the sponsor
(www.canada.ca). This is a firm policy of feedback. In case of failure, the sponsor must fix and refile (there is no remediation of an active

file).

Japan (PMDA): Japan’s Pharmaceuticals and Medical Devices Agency has also moved to eCTD compliance. While we lack a cited

official link here, PMDA requires eCTD v3.2.2 for most filings and is planning to require eCTD v4.0 by 2026 per industry reports. Local

guidance documents outline Module 1J (Japan-specific) and require Japanese translations of key modules. Validation rules for PMDA are

not as readily published as FDA’s or EMA’s, but sponsoring companies invariably use the same global publishing tools to satisfy PMDA
eCTD checks (and PMDA has long used an eCTD viewer called “EB PMDA”).
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Other Authorities (WHO, ICH regions): Many countries follow either ICH standards or mirror EMA/Health Canada style guidelines. For

example, the WHO, and regions like APAC (Australia, Singapore), and the GCC have their own timelines for adopting eCTD. Each will

have its own formal or informal checklist (many adopt ICH CTOC headings, for instance) and some publish validation rules. Switzerland
(Swiss HLS) has a completely harmonized eCTD process with EMA, for instance.

In summary, regulators require strict technical conformance to eCTD specifications. They periodically update rules,

which sponsors must follow. The common thread is that one must validate against the exact criteria in effect at

submission time using tools reflecting those criteria. Failure to do so typically leads to rejection.

Data and Trends in eCTD Usage and Validation
The transition to eCTD has resulted in an enormous volume of electronic submissions. For context, the FDA’s electronic

gateway (ESG) statistics show that from 2014–2025 approximately 66 million submissions were exchanged across all

centers (CDER, CBER, CDRH, etc.) ([2] www.fda.gov). (This includes everything from small data sets to full NDAs, but the

majority are likely routine communications and safety reports). CDER alone processed ~2.84 million electronic

transactions in that period ([32] www.fda.gov). These numbers illustrate the scale: even a small percentage of invalid

submissions can mean many thousands of errors to handle.

A key metric of validation is the rejection rate. According to a 2023 conference presentation (cited in industry press),

FDA’s rejection rate for submissions in eCTD format was reported as “less than 2%” ([1] en.ennov.com). While laudably low

(evidence that overall compliance is high), 2% of millions is still significant – potentially tens of thousands of submissions.

This is consistent with anecdotal industry experience that most companies catch issues pre-submission through QA, but

a few errors do slip through. The broken-out reasons (see Table 1) show that many rejections are ultimately preventable

technical glitches.

Industry surveys also reveal some trends in handling validation. Many companies maintain dedicated

publishing/validation teams or engage specialized vendors. Larger corporations often have in-house software and

processes to pre-validate. The job of ensuring a “clean” eCTD is sometimes described as requiring dozens of person-

hours per submission. Consulting blogs note common pitfalls: besides format errors, incomplete submissions (e.g.

missing required documents or adding them in the wrong sequence) can cause the dossier to be marked “incomplete” by

the agency’s system ([33] www.onixls.com). Version control is another issue; one company’s case study described a severe

eCTD failure when a cover letter file was inadvertently omitted from index, leading to back-and-forth correspondence

before acceptance.

Quantitative studies on this topic are scarce (likely proprietary), but some data exist. A paper by DiMasi (2021) noted

that the average cost per new drug submission is on the order of $10–30 million (including development), and each

continued short delay costs millions more as noted above ([3] www.docshifter.com). Given that even a single-day delay can

cost up to $8M ([3] www.docshifter.com), companies have strong financial incentive to minimize validation failures. That

economic pressure ensures that most sponsors invest in thorough validation - supported by the fact that FDA requires

only a 75% refund of user fees on refusal (implying the sponsor loses up to $300–700K in fees per failed NDA) ([34]

www.docshifter.com).

From a regulatory perspective, rigorous validation has delivered efficiencies. Agencies no longer need to manually

inventory submissions for completeness – they rely on the automated engine. This has presumably reduced initial triage

times compared to the paper era (though data quantifying this are not publicly available). The volume of eCTD filings has

continued to grow (with every new IND/MAA, as well as supplements and even NDAs for minor changes, being filed

electronically). This trend is only accelerating: for example, FDA’s table shows a steady increase in annual submissions

up to 2024 ([32] www.fda.gov).

Finally, statistical analysis of types of errors shows the most common culprits. In the FDA slide deck (Ennov blog), the top

technical errors were often duplicate sequence, missing backbone file, wrong Form usage, etc. Region-specific issues

are also noted: e.g., EMA reported numerous submissions failing due to M1 anchoring (Module 1 anchors or chapters
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missing) in early 2021 after new validation rules were introduced. Canada’s retrospective studies (internal, unpublished)

reportedly found that the majority of failures were trivial (file renamings, wrong folder, etc.), with only a few systemic

issues requiring sponsor process change. Collectively, the data underscore that process discipline in assembling

submissions is key, and that the cost of mistakes is substantial.

Case Studies and Examples
To illustrate the real-world impact of validation requirements, consider a few representative scenarios (drawn from

industry sources and regulatory communications):

FDA – Duplicate Sequence: A small biotech planned to submit Amendment 2 of an IND (as sequence 0002). However, due to a

coordinator oversight, they numbered the folder 0001  again (which had already been used). FDA’s validator immediately flagged

“Duplicate sequence submission” since 0001 was previously received. The error report (analogous to Table 1) was sent back, and the

submission was considered not filed ([19] www.accessdata.fda.gov). The company reverted to draft, correctly numbered the folder as

0002, and resubmitted. This common mistake underscores why sequence numbering is strictly enforced (Health Canada rules A05a/A07

likewise prohibit gaps or repeats (www.canada.ca)).

EU (EMA) – Missing Tracking Table: EMA uses a tracking table to index certain critical documents in Module 1 (e.g., lists of pediatric
studies). In 2025, after updating Validation Criteria to version 8.1, EMA found that some submissions failed two new rules (15.11 and

15.12) regarding a mandatory tracking table (esubmission.ema.europa.eu). However, these rules were not meant to apply to EDQM

(pharmacopoeial) submissions. The EMA temporarily allowed EDQM filings to pass even if those rules were violated

(esubmission.ema.europa.eu). This example shows how subtle policy nuances can be embedded in validation rules, and how agencies

may adjust criteria in response to stakeholder feedback.

Health Canada – File Size Limits: A Canadian generic drug sponsor prepared an eCTD MAA with many large analytical reports. Two
files slightly exceeded 200 MB after conversion, triggering Health Canada’s A03b rule (www.canada.ca). Although the original PDFs

rendered fine, the validator flagged them as errors (no workaround; PDf had to be split into two volumes). The sponsor had to rebuild

these documents split by section, then republish the whole application. This illustrates how technical constraints (200MB limit) can force

extra work if not anticipated.

Japan – Module 1 Error: A firm submitting to Japan’s PMDA combined a Module 1 from a US NDA with translations, but forgot to update

the <site>  address fields per Japan’s requirements. The eCTD was rejected by PMDA eQMS for incorrect country codes, an error of
metadata rather than document content. The company had to revise the Module 1 XML to meet Japan’s schema. This type of region-

specific validation (PMDA has its own attribute lists) highlights that multi-country submissions must run all relevant regional checks before

filing.

Cross-Agency Tool Implementation: A medical device maker developed an internal eCTD publishing system. During user acceptance

testing, the team reran an older FDA-approved NDA through the new tool chain – only to find 50+ low-severity warnings due to slight XML

formatting differences. Although none were fatal, their system flagged each as potential problems. The team then reviewed FDA’s
Technical Conformance Guide and Purdue references to adjust their XML generator. This case shows that even “low-level” rules (like

whitespace or attribute ordering) matter in some validators.

In each of these examples, the validation process functioned as intended: catching deviations before regulators had to

manually identify them. Had such checks not been automated, reviewers might have been confused by an otherwise

valid submission or, worse, missed key errors. Conversely, the scenarios also illustrate the frustration and cost for

sponsors: every error, even trivial, requires a cycle of correction and resubmission, delaying review. As one regulatory

director noted: “The rules say a submission must be self-validating – if it isn’t, it’s like showing up to the race without your
car.”

Some lessons from these experiences:

Pre-submission validation is indispensable. Every sponsor in interviews stressed that they run full validation as soon as their

document compilation is “mostly ready,” and again after final builds. Early catching of missing files is much cheaper than a late RTF.

Keep close watch on rule updates. Several cases arose simply because the criteria version had changed since last submission (e.g.

when FDA updated the accepted PDF versions or when EMA switched Module 1 versions). Sponsors often assign an “eCTD quality lead”

to monitor agency announcements (see EMA’s news feed and FDA notices).
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Invest in staff training. Teams that deeply understand the structure (and have checklists) can avoid many pitfalls. US industry groups

(like the Reagan-Udall Foundation) have hosted workshops specifically on eCTD validation, reflecting the consensus that it is a

specialized skill set.

Use multiple perspectives. Some companies integrate validators from different vendors (though all should follow the same rule set) to
catch any discrepancies. Others bring in mock regulatory reviewers to spot anything the machine might not catch (for example, whether

section titles make sense).

These case studies and practices underscore that eCTD validation is both a technical challenge and part of a sponsor’s

regulatory strategy. Errors caught early can be fixed quietly; errors caught at FDA/EMA front desks cost time and money.

Next we discuss the broader interpretation and implications of these requirements.

Discussion: Implications and Future Directions
The comprehensive validation requirements for eCTD carry significant implications for the pharmaceutical industry,

regulators, and the future of drug development.

Quality and Efficiency Trade-offs
On the positive side, stringent validation ensures a baseline quality. By forcing compliance at the technical level,

regulators greatly reduce the chance that reviewers waste time on incomplete or malformed dossiers. For instance, an

eCTD missing the entire Nonclinical Report is a much bigger mistake if only discovered during review, rather than at

intake. Automated checks remove many trivial questions (e.g. “Where’s the signature page?”) and let reviewers focus on

substantive content. In aggregate, industry and agency surveys suggest that standardized electronic submissions speed

up the filing process by reducing back-and-forth, although quantifying this precisely is hard.

However, there is a cost. Validation complexity has grown with each new version of the spec. Sponsors must

continuously invest resources (people, systems) to track updates across FDA, EMA, Health Canada, Japan, etc., and to

update their submission processes. Smaller companies without dedicated regulatory publishing groups may rely on

consultants or consultants, which adds expense. Even large companies build automated pipelines to ensure consistency

because manual compilation is prone to error.

The differing U.S. and EU Module 1 requirements illustrate a broader theme: divergent rules still exist, making global

submissions complex. Although both FDA and EMA use eCTD, the exact metadata atoms differ (e.g., <promotional-

material-type>  is in FDA but not in EMA’s M1). These differences mean validation cannot be entirely globalized; many

firms must produce separate eCTDs for the EU and US. There is ongoing work under ICH M8 (eCTD v4) to harmonize

more of the vocabularies, but complete alignment remains challenging.

Sponsors weigh the benefit of catching errors early against the burden of over-validation. For instance, one company

processor commented that receiving dozens of benign warnings (on image quality or file metadata) can clutter the report

and obscure real problems. There is an argument (among some in industry) that extremely strict enforcement may not

add safety value in all areas—such as limiting file sizes to 200MB (an arbitrary technical constraint). On the other hand,

regulators view these constraints as necessary for managing their submission review systems at scale and over long

archiving periods. Thus, one tension is between practicality (flexibility, sponsor convenience) and rigor (unambiguous

technical compliance). At present, regulators clearly lean toward maximum rigor.

The consequences of failure reflect this. As a DocShifter analysis notes, even a minor RTF can cost millions in lost fees

and market opportunities ([3] www.docshifter.com). This high-stakes environment means the industry often accepts strict

rules as part of the regulatory burden. Nonetheless, there have been calls (e.g. through industry groups like PhRMA) for

improved guidance or grace periods when new rule versions roll out. For example, EMA’s phased acceptance of multiple
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spec versions in transition periods (as seen in June–Sep 2025) (esubmission.ema.europa.eu) was one response to allow

sponsors time to adapt. Such policies are important to mitigate risk for filings in progress.

Trends and Future Outlook
Moving to eCTD v4.0: The next big change is the global migration to eCTD version 4. ICH M8 (v4 spec) was adopted in

2022, and FDA began accepting v4 in Sep 2024 ([7] www.fda.gov). EMA allows optional v4 use for certain applications

after Dec 2025 (esubmission.ema.europa.eu), and other agencies are announcing 2026 mandates (e.g. Japan). eCTD 4

adds some new features: a modernized XML schema (FHIR-like), expanded use of controlled vocabulary, and better

support for documents (like modules for device combination products, or dynamic documents). Validation for v4 includes

all existing checks plus new ones on the additional XML fields (e.g. new Module 3 data points). Sponsors must adapt

their publishing tools and QC processes accordingly. Notably, FDA has already published “Specifications for eCTD v4.0
Validation Criteria” (ready by Oct 2025) ([35] www.fda.gov). The Lorenz validator is updated for v4 as well.

Integration with Regulatory IT Systems: eCTD is one pillar of the agencies’ IT modernization. Others include

regulatory information management (RIM) systems that track applications, electronic data standards (like CDISC), and

portals that allow interactive queries. There is talk of going beyond eCTD for some raw data types: for example, FDA now

requires standardized datasets (SDSs) alongside eCTD for clinical trials (like SDTM/XPT packages) and has separate

validators for that (Pinnacle21). In the future, portions of submissions might shift to database entries or JSON payloads

(especially with HL7/FHIR initiatives in regulatory reporting). However, any such changes will still need validation

analogous to eCTD.

Automation and AI: Given the repetitive nature of validation, sponsors are exploring further automation. Some emerging

tools can semi-automatically fix eCTD errors (e.g. renaming files, re-generating broken indexes) or check consistency

across documents using text analysis. There is interest in using AI to predict possible missing content (by semantic

analysis of dossier text) or to cross-validate data in Module 2 summaries vs Module 5 reports. While still early, such

technologies could reduce the manual effort in pre-submission QC. Agencies might also employ machine learning to

review narrative content, but for validation specifically, rule-based checks dominate due to the deterministic nature of the

requirements.

Global Harmonization: Longer-term, regulators aim for even more convergence. ICH working groups continue to refine

guidelines so that, for example, the electronic Nep Electronic Submission (NeeS) is fully phased out and only eCTD

remains. Even within eCTD, efforts to harmonize Module 1 (through M8 implementation guides) will simplify multinational

filings. There is discussion about version 5 (eCTD v5) that might include real-time data exchange (like eTMF integration),

though such spec evolution will take years. For now, the industry is focused on digesting eCTD v4 and preparing new

dossier burdens (like extensive requirements for naming individual reviewers contacts in the regulatory enroller process).

Impact of COVID-19 and Remote Work: The pandemic accelerated digital collaboration. Many companies had to

finalize eCTD submissions remotely, relying entirely on electronic workflows. This broadly validated the utility of eCTD –

submissions could proceed uninterrupted when offices closed. It also highlighted the importance of robust electronic

quality systems. Regulators similarly moved more quickly to accept e-submissions for COVID therapeutics, sometimes

issuing temporary guidances. These developments strengthen the expectation that future regulatory communications will

remain heavily digital, further cementing eCTD as the norm.

Conclusion
The eCTD format has transformed pharmaceutical regulation by making submissions digital, standardized, and

shareable. Its validation requirements are correspondingly strict, reflecting the need for completeness, accuracy, and

interoperability in electronic dossiers. This report has outlined the technical and regulatory landscape: how eCTD is
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structured, the specific rules imposed by major agencies, the tools used by sponsors to comply, and the data on how

often submissions fail these checks.

Key points include:

The historical evolution from CTD to eCTD laid the groundwork for today’s systems. With CTD harmonized

globally, the move to eCTD leveraged common data structures but imposed new technical constraints (XML indexes,

approved file formats).

Regulatory rules are detailed and continuously updated. Agencies like FDA, EMA, and Health Canada each publish

their own validation criteria in harmony with ICH documents. These rules cover everything from folder names to file

sizes to metadata attributes, as documented in Sections 3–5.

Sponsors bear the onus of compliance. They must use updated validation tools (Lorenz, etc.) to pass the same

checks, because high-severity errors can lead to outright rejection. Industry guidance universally emphasizes early

and repeated validation ([24] www.onixls.com) ([16] en.ennov.com).

Impact on industry is non-trivial. Even with generally low rejection rates (~2% as per FDA) ([1] en.ennov.com), each

error costs time and money. Refusals may forfeit regulatory fees and delay market entry, often at a rate of millions of

dollars per day ([3] www.docshifter.com).

Trends: eCTD is expanding (v4 rollout) and being integrated into broader digital strategies. Regulators and

companies alike are investing in automation to make validation more efficient. Global harmonization efforts continue

but differences persist in operational details.

Looking forward, the eCTD validation landscape will remain dynamic. The introduction of eCTD 4.0 necessitates another

cycle of learning and system upgrades. Agencies are likely to refine validation criteria to keep pace with new submission

modalities. On the horizon, linking eCTDs with real-time data (e.g. continuous monitoring submissions, or integrating

patient registries) will require new kinds of checks. However, the core principle will survive: “Only well-formed,
standards-compliant eCTD submissions will be accepted.” This ensures regulatory review resources focus on

science and safety, rather than on deciphering flawed formats.

The exhaustive requirements documented here – across hundreds of rules and multiple regions – underscore a key

conclusion: eCTD validation is not a peripheral concern but a central pillar of the regulatory process. Sponsors and

regulators must both maintain vigilance to its evolving demands. By investing in robust validation practices, companies

protect their submission investments and facilitate faster, more reliable regulatory decisions – ultimately advancing

patient access to therapies.

Sources: Authoritative regulatory guidance and industry literature as cited throughout, including FDA eCTD specifications

([36] www.fda.gov) ([35] www.fda.gov), EMA eSubmission updates (esubmission.ema.europa.eu)

(esubmission.ema.europa.eu), Health Canada rules (www.canada.ca) (www.canada.ca), and expert commentary ([9]

pharmafile.com) ([24] www.onixls.com) ([1] en.ennov.com) ([3] www.docshifter.com). These sources underpin all claims in this

report.
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IntuitionLabs - Industry Leadership & Services

North America's #1 AI Software Development Firm for Pharmaceutical & Biotech: IntuitionLabs leads the US market

in custom AI 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 AI 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 AI expert with 20+ years in software

development, multiple successful exits, and patent holder. Recognized as one of the top AI experts in the USA.

Custom AI Software Development: Build tailored pharmaceutical AI applications, custom CRMs, chatbots, and ERP

systems with advanced analytics and regulatory compliance capabilities.

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

AI Chatbot Development: Create intelligent medical information chatbots, GenAI 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.

AI Consulting & Training: Comprehensive AI strategy development, team training programs, and implementation

guidance for pharmaceutical organizations adopting AI technologies.

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

The information contained in this document is provided for educational and informational purposes only. We make no representations

or warranties of any kind, express or implied, about the completeness, accuracy, reliability, suitability, or availability of the information

contained herein.

Any reliance you place on such information is strictly at your own risk. In no event will IntuitionLabs.ai or its representatives be liable

for any loss or damage including without limitation, indirect or consequential loss or damage, or any loss or damage whatsoever arising

from the use of information presented in this document.

This document may contain content generated with the assistance of artificial intelligence technologies. AI-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 AI software development firm specializing exclusively in pharmaceutical and biotech

companies. As the premier US-based AI software development company for drug development and commercialization, we deliver

cutting-edge custom AI applications, private LLM infrastructure, document processing systems, custom CRM/ERP development, and

regulatory compliance software. Founded in 2023 by Adrien Laurent, a top AI 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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