B ituitiontabs  intuitionLabs - Al Software for Pharma & Biotech Regulatory Submission QC Checklist: A Comprehensive Guide

Regulatory Submission QC Checklist: A
Comprehensive Guide

By Adrien Laurent, CEO at IntuitionLabs ¢ 1/12/2026 « 35 min read

regulatory submission quality control gc checklist  ectd ctd regulatory affairs dossier preparation

fda submission drug approval process refuse-to-file

intuitionlabs.ai

© 2026 IntuitionLabs.ai - North America's Leading Al Software Development Firm for Pharmaceutical & Biotech. All rights Page 1 of
reserved. 16


https://intuitionlabs.ai/articles/authors/adrien-laurent?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=regulatory-submission-qc-checklist-a-comprehensive-guide.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=regulatory-submission-qc-checklist-a-comprehensive-guide.pdf
https://intuitionlabs.ai/articles/regulatory-submission-qc-checklist?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=regulatory-submission-qc-checklist-a-comprehensive-guide.pdf
https://intuitionlabs.ai/?utm_source=pdf&utm_medium=document&utm_campaign=article&utm_content=regulatory-submission-qc-checklist-a-comprehensive-guide.pdf

B ituitiontabs  intuitionLabs - Al Software for Pharma & Biotech Regulatory Submission QC Checklist: A Comprehensive Guide

Executive Summary

Regulatory submission quality control (QC) is a critical, yet often underappreciated, component of the drug and biologic
approval process. Regulatory bodies worldwide (e.g. the FDA, EMA, MHRA, CDSCO) expect sponsors to submit
complete, accurate, and well-organized dossiers. Unfortunately, a significant fraction of applications face delays or
refusals due to avoidable documentation errors, missing elements, or formatting issues (! Isacademy.com) (**
pme.nchi.nim.nih.gov). For example, a recent study found that 4.0% of U.S. applications (NDAs and efficacy supplements)
received “Refuse-to-File” (RTF) letters, 15.5% of whose cited reasons were related to application organization
deficiencies or administrative/legal issues (! pmec.ncbi.nim.nih.gov). Submissions that fail to meet required standards can
cost sponsors millions: an RTF forces a forfeiture of roughly 25% of the PDUFA user fee (hundreds of thousands of
dollars) and leads to lost revenue on the order of $0.66-8.0 million per day of delay (*/ www.docshifter.com). Stock prices
can even plunge after filing setbacks (*/ www.docshifter.com). By contrast, rigorous internal QC—systematic cross-checks,
checklists, and technical validations—can dramatically improve outcomes. Leading companies have reduced submission
timelines by 50—65% through “submission excellence” programs that emphasize quality at every phase ('°!
www.mckinsey.com), and case examples attest that adding QC checklists and cross-functional reviews before filing
resolves discrepancies and avoids regulator queries (www.pharmaregulatory.in) (www.pharmaregulatory.in).

This report presents an in-depth analysis of regulatory submission QC checklists and processes. We examine the
historical context and regulatory framework for submissions (e.g. ICH CTD guidelines, FDA/EMA requirements), define
key concepts and workflows for QC, and survey industry best practices, tools, and emerging technologies. We compile
evidence on the costs and benefits of QC, including statistical data on submission outcomes (*/ pmc.nchi.nim.nih.gov) (°)
www.mckinsey.com), and present multiple real-world case studies illustrating QC successes and failures
(www.pharmaregulatory.in) (www.pharmaregulatory.in). Tables are used to summarize recommended QC tasks and
responsibilities. We conclude by discussing future directions: ongoing digital transformation (e.g. eCTD v4.0, Al-driven
validation), evolving ICH quality guidelines (the new M4Q(R2) draft), and the broader implications for regulatory strategy
and efficiency. In sum, a bulletproof QC checklist and process is not optional, but essential: it ensures compliance,
accelerates review, and ultimately sustains public trust in pharmaceutical innovation.

Introduction

Bringing a new pharmaceutical or biologic product to market is a highly regulated, multi-year endeavor involving
extensive scientific development and documentation. Regulatory submissions (e.g. an NDA, BLA, MAA, or ANDA)
formally request marketing approval by the relevant authorities (FDA in the United States, EMA in the European Union,
etc.), and typically comprise a Common Technical Document (CTD) structured in five modules (administrative,
summaries, quality, nonclinical, clinical). Since the early 2000s, submissions have been largely electronic (eCTD format)
and highly standardized internationally (esubmission.ema.europa.eu) (° Isacademy.com). Over time, agencies have
emphasized that submissions must not only contain the requisite data, but must also be internally consistent, well-
structured, and free of avoidable errors (www.pharmaregulatory.in) (! www.law.cornell.edu). In practice, the quality of
documentation in a submission (completeness, accuracy, formatting, traceability) can “make or break product approvals,”
as any mistake or omission often triggers time-consuming regulator queries or outright filings being put on hold (*
Isacademy.com) (¥} pme.ncbi.nim.nih.gov). For example, one analysis of FDA refuse-to-file letters (2008-2017) found that
84.5% of deficiencies were scientific (safety/efficacy or quality), but 15.5% were due to “application organization
deficiencies or legal issues” (*) pmc.ncbi.nim.nih.gov). These organizational issues include incomplete forms, missing
signatures, formatting errors, etc. — problems that should be caught by an effective internal QC process.

Quality Control (QC) in this context refers to systematic checks and corrections applied to regulatory submission
documents (and data) before they go to the agency. It complements broader Quality Assurance (QA) systems (standard
operating procedures, training, audits, etc.) by focusing on the final product of documentation. In analogy to
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manufacturing QC (assaying a drug batch) or a pharmacy’s final check (verifying a prescription before dispensing),
regulatory QC is the “fourth check” that confirms a submission is complete and consistent (1 pharmacystandards.org). In
practice, QC of submissions happens through structured workflows: teams of regulatory writers prepare sections, then
review them (first within team, then cross-functionally with clinical, CMC, safety experts), apply checklists for regulatory
compliance, perform technical validations (e.g. PDF and XML checks), and finally gather all documentation for the
submission gateway (www.pharmaregulatory.in). Each of these steps is crucial. As one industry training note
emphasizes, failing to catch formatting or hyperlink errors (“technical validation” or “gateway”) can lead to immediate
rejection, while even missing a content inconsistency might result in a refuse-to-file letter (I°' pharmacystandards.org).

The purpose of this report is to compile the state of the art in regulatory submission QC checklists. We draw on
regulatory guidelines (FDA, EMA, ICH), published studies (JAMA, BMJ, McKinsey, FDA data), and industry sources
(regulatory consulting, CRO/RA firms) to paint a comprehensive picture. Specifically, we will:
« Describe the historical evolution of submission formats (paper CTD to eCTD) and how this shapes QC needs;
« Summarize global regulatory requirements and expectations relevant to submission quality;

« Detail the principles of QC (accuracy, consistency, compliance, traceability) and how these are operationalized in
checklists;

« Present example QC checklists and procedures (including roles and responsibilities) from industry practice
(WWW.pharmaregulatory.in)(w pharmacystandards.org);

« Analyze data on submission outcomes, including refusal rates and delays attributable to document issues (*/

pmc.ncbi.nim.nih.gov) (["] www.docshifter.com);

« Include case studies illustrating both effective QC interventions and costly oversights (www.pharmaregulatory.in)
(www.pharmaregulatory.in);

» Discuss tools and emerging technologies (e.g. automated validators, Al-assisted QC) that improve submission

quality (“O] www.freyrsolutions.com) ([5] www.mckinsey.com);
« Outline implications for stakeholders (regulatory affairs teams, leadership, regulators) and identify future directions

(digital transformations, guideline revisions).

Throughout, we adopt an academic/professional tone and support all claims with citations to credible sources. The goal is
a deep dive into why a rigorous QC checklist is indispensable, how it is implemented today, and what innovations are
shaping its future. Our findings underscore that thorough QC is not a mere formality, but a strategic necessity that
accelerates approvals and safeguards the investment in R&D.

Regulatory Framework and Expectation for
Submissions

Global Submission Standards (ICH CTD and eCTD)

Regulatory submissions worldwide have converged on common formats rooted in the International Council for
Harmonisation’s (ICH) Common Technical Document (CTD) framework (! checklistmethod.com)
(esubmission.ema.europa.eu). The CTD organizes a dossier into five modules:

1. Module 1 - region-specific administrative documents (application forms, cover letter, labels, etc.);

2. Module 2 — summaries and overviews of quality, nonclinical, and clinical data;

3. Module 3 — Chemistry, Manufacturing and Controls (CMC) information;
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4. Module 4 — nonclinical (e.g. toxicology) reports;

5. Module 5 — clinical (e.g. study reports) documents ("*“ checklistmethod.com) (**) www.law.cornell.edu).
(Note: Modules 2-5 are largely harmonized across regions, whereas Module 1 is tailored for each agency.) This
structure was codified in ICH M4(Q,R2) guidelines (Quality) and related documents in the early 2000s, vastly
improving consistency of submissions.

Since around the mid-2000s, agencies have mandated electronic CTD (eCTD) submissions for ease of review and
archiving. The eCTD comprises the CTD content in XML format with PDF attachments, using a standardized directory
structure and hyperlinks (esubmission.ema.europa.eu). For instance, the European Medicines Agency (EMA) requires all
centralized marketing authorization applications (MAAs) to be in eCTD format (esubmission.ema.europa.eu), and has
phased in eCTD for national procedures. Similarly, the U.S. FDA phased in eCTD over 2012-2018, making eCTD
mandatory for NDAs, BLAs, and ANDAs (by law under PDUFA commitments) (! www.accessdata.fda.gov). The ICH-
eCTD specification (currently version v3.2.2 for Modules 2-5 and region-specific variants for Module 1) defines strict
validation rules and file naming conventions (esubmission.ema.europa.eu). Consequently, a modern submission must not
only contain the right data, but also each file must be correctly formatted, each PDF built with bookmarks, and the entire
submission package must “pass” an eCTD validator without error.

This convergence on CTD/eCTD has three main implications for QC:

» Complex scope: Dossiers are extremely large (often hundreds of files), covering a breadth of disciplines
(pharmacology, clinical stats, manufacturing, etc.), so comprehensive checks are needed to ensure nothing is

missing (I*! Isacademy.com) (% checklistmethod.com).

« Technical precision: eCTD format introduces many technical requirements (XML validation, checksum integrity,
metadata fields) beyond typical document review (esubmission.ema.europa.eu) (www.pharmaregulatory.in).

« Global expectations: While the content is harmonized, regional specifics still apply (e.g. FDA requires Form 356h
and USPI format, EMA requires SmPC/RMP), meaning a global QC process must also verify all locale-specific
elements (*°! Isacademy.com) (esubmission.ema.europa.eu).

Agencies’ Quality Expectations

Although agencies may not explicitly spell out internal QC obligations, their guidance and experience make it clear that
internal review is an implicit requirement. Regulatory authorities expect submissions to be “factually accurate and
consistent” across sections (www.pharmaregulatory.in). For example, the FDA performs an initial “filing review” for
completeness: if something is amiss, the agency will issue an RTF letter rather than proceed to full review (¢
pme.ncbi.nim.nih.gov) (*1 www.docshifter.com). In Europe, the EMA conducts a preliminary validation and likewise can
refuse to validate an MAA if forms or documents are incorrect. The EMA has also said that discrepancies found during
core review (e.g. at the Day 120 assessment) often stem from submission errors, and encourages sponsors to harmonize
data before filing (www.pharmaregulatory.in).

Specifically, a recent industry article notes that regulators emphasize the fundamentals of submission QA, even if not
overtly mandated. It highlights that:

« The FDA expects every statement in a submission to align with source data and other modules. Simple mistakes
(e.g. drug name typos, mismatched tables) can derail an application.

« The EMA scrutinizes consistency during its Day 120/180 review, and critical committees (CHMP/PRAC) will notice
any misalignment in safety/efficacy data across modules.

« The CDSCO (India) requires internal accuracy checks, and many of its Common Technical Document (CTD/eCTD)
deficiencies arise from poor dossier QC (www.pharmaregulatory.in).
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In summary, agencies assume sponsors have already run robust QC: “inspection readiness” means that the dossier
should be complete, internally consistent, and error-free on first submission (www.pharmaregulatory.in) (
). A QC checklist is thus a pragmatic way to meet these implicit expectations.

Regulatory Guidance and Quality Concepts

Beyond format requirements, broader quality principles apply. ICH'’s quality guidelines (e.g. ICH Q9 on Quality Risk
Management, ICH Q10 on Pharmaceutical Quality System) emphasize that risks to product quality must be controlled
systematically and that a company’s QMS should cover all processes. By extension, the “documentation process” is often
included under these QMS umbrella. For instance, a change control or risk management document could note that any
submission must pass internal QA cycles.

Importantly, ICH recently recognized the need to modernize quality in submissions. In 2025 the ICH released a draft
revision M4Q(R2) (“CTD — Quality”) for public consultation (www.gov.uk). This revision aims to streamline CTD Quality
sections further by embracing digital tools and data structuring (www.gov.uk). The stated goals of M4Q(R2) include
clarifying expectations, improving submission quality, and harmonizing data requirements globally (www.gov.uk). In other
words, regulators are actively pushing industry to enhance QE processes around submission preparation. Tools like
global regulatory information management (RIM) systems, electronic document management (EDM) systems, and
validated eCTD publishing software are emerging as expected components of a modern submission QMS.

In parallel, agencies are formalizing electronic submission workflows. The FDA has published multiple guidance
documents on which eCTD version and data standards to use, and maintains a public eCTD website with technical
requirements. The EMA likewise publishes detailed validation criteria. These official guidelines reinforce that beyond
content, the presentation of that content is regulated. For example, the FDA's eCTD guidance (and implementation of
PDUFA VI goals) essentially mandated eCTD for standard submissions ( ). Failure to comply
risks immediate rejection.

Historical Context

Historically, submissions were paper-based and QC meant physically checking binders. The shift to eCTD brought new
QC challenges (digital formatting, file integrity). Over the past decade, sponsors have had to build submission quality
processes from scratch. Industry and regulators’ collective experience has crystallized common pitfalls: missing Module 1
components, mislabeled sections, unchecked track changes, broken hyperlinks, etc. Early fiascos (some anecdotal)
convinced the industry that even trivial-seeming errors can lead to delays. This has led to the current emphasis on
“bulletproof” checklists and multi-layered reviews ( ).

Today'’s regulatory landscape is more interconnected: global submissions, Health Authority reliance pathways, and
accelerated approvals mean documents are reviewed by many eyes. As a result, companies increasingly adopt
enterprise-level controls: robust review SOPs, submission readiness gates, and even dedicated “submission QC” teams.
In the introduction section of an NDA guidance, FDA explicitly states that applicants “should assure that submission
material is complete and accurate before submission” (implied through its instructions and the requirement for certifying
attorneys). Similarly, the EMA Validation Procedure guidance lists administrative documents that must be correct. Thus
the concept of a QC checklist has become a de facto requirement for any product hoping to pass into formal review.

Quality Control Processes and Checklists for
Submissions
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Putting theory into practice, most companies implement a multi-step QC process. These steps are often described as
layers of review, as seen in industry sources (www.pharmaregulatory.in) (1 pharmacystandards.org). A typical workflow is:

1. Authoring and First-Level Review. Regulatory writers draft sections of the CTD (often using templates). After drafting, those sections
undergo a peer review by another regulatory writer. This editorial QC checks for clarity, grammar, consistency of style, basic data
accuracy, and adherence to templates. Every sentence is proofread; figures and tables are expected to be legible and correctly labeled.
(Imagine the analogy of a pharmacist checking a prescription label: is the dosage spelled correctly? (“9] pharmacystandards.org))
Examples of editorial QC include ensuring drug names and brand names are spelled consistently throughout the dossier ([191
pharmacystandards.org), and catching stray track changes. A common checklist item here is verifying that all numerical values,
statistical outputs, and units reported in Module 2 summaries exactly match those in the source Module 5 study reports. In one illustrative
“bulletproof” checklist, this is called Scientific Traceability: e.g. “Numbers in summaries equal those in tables; population N/n consistent;
endpoints labeled” (www.pharmaregulatory.in).

2. Cross-Functional Review. Once a section passes peer review, experts from other domains (e.g. clinical, nonclinical, CMC,
manufacturing, pharmacovigilance) review it for scientific and technical accuracy. This ensures content QC: e.g. clinicians check Module
2.7 aligns with 5.3.5, toxicologists review nonclinical summaries vs reports, etc. The goal is to verify that no data discrepancies exist
across modules. One case study showed that lack of cross-checking between efficacy summaries and full study reports led the FDA to
delay an NDA (www.pharmaregulatory.in). After that experience, the sponsor instituted cross-functional checks which prevented any
further inconsistencies on resubmission (www.pharmaregulatory.in). The takeaway is that domain specialists should sign-off on the
coherence of data in their areas.

3. Regulatory Content QC (Final Editorial Checks). Before any formatting or eCTD packaging, a final content QC phase (sometimes
called “inspection readiness” check) is performed. This includes global checklists that go through each Module and subsection to ensure
completeness. Examples of such checklists are often built from agency requirements (e.g. “Does Module 1 include the signed FDA Form

356h? Are the table of contents sections present?” ([151 Isacademy.com) ([131 www.law.cornell.edu)) and corporate submission lists.
These lists typically verify:

« All required documents/forms are present and properly signed.
« Page numbering is correct (Module-wise).
« Headings, table of contents, figure captions, and in-text references are all sequential and correct.

» No placeholder text or “TBD” remains.
A multidimensional checklist might include dozens of items. For example, LS Academy’s guidance emphasizes that
even missing administrative requirements or faulty formatting (rather than science) are leading causes of submission
refusals (") Isacademy.com).

4. Technical QC (Formatting and Validation). After the written content is locked, attention turns to eCTD technical
compliance. This is often done by a “publishing team” or eCTD specialist. They compile the PDFs and XML
backbone. At this stage, the following technical elements are validated:

» PDF Hygiene: Each PDF must be text-searchable, have embedded fonts, no password protection, and size within
limits (www.pharmaregulatory.in). It is common to verify that all figures and text are legible (e.g. fonts at least 9 point
in print) (www.pharmaregulatory.in). Another check: ensure consistent page numbering (e.g. Roman vs Arabic) and
that all pages are oriented correctly.

- Bookmarks and Table of Contents: A submission should have a hierarchically organized Bookmarks pane (often
two or three levels deep) matching the module outline. Long documents (like Module 5 clinical reports) require
bookmarks down to the table/figure level for ease of review (www.pharmaregulatory.in). QC involves clicking through
bookmarks to ensure they link to the proper sections, and that no bookmarks are missing or mislabeled
(www.pharmaregulatory.in). The PDF's table of contents (if present) must be updated to reflect final pagination.

« Hyperlinks: eCTD relies on intra-document links (XLINKSs). For example, Module 2 summaries may link to
tables/figures in Module 5. A QC step is running a hyperlink crawler to ensure all links resolve correctly. Checks
include verifying that every hyperlink points to the intended content (not to a cover page or missing file)
(www.pharmaregulatory.in). Any broken link or mis-targeted link is corrected.
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o XML/Backbone Integrity: The eCTD backbone (the “annex” XML) must be well-formed and valid against the official
schema. The QC team runs the eCTD validator tool (e.g. in publishing software or via FDA's ESG pipeline) to check:

« Conformance to the ICH eCTD Specification and regional Module 1 specifics (esubmission.ema.europa.eu).

« Correct lifecycle XML operators for each document (replace/append/delete).

« Absence of prohibited file types.

« File names follow agency naming conventions (e.g. precise character sets, no spaces) (www.pharmaregulatory.in).
o The MD5 checksums of all files are recorded (ensuring integrity).

« All errors or warnings from the validator must be addressed before submission. In a “bulletproof checklist,” this is
captured as Backbone Integrity: e.g. “XML well-formed; schema clean; validation rules pass; no prohibited file
types; filenames comply with conventions” (www.pharmaregulatory.in).

5. Submission Gateway Checks. Finally, just before sending the package to the agency (via ESG or eSubmission
gateway), a final set of checks is conducted:

« Credentials and Environment: Ensure the correct digital certificates/credentials are used, and that the submission
is sent from the correct (production vs test) system (www.pharmaregulatory.in).

« Submission Media: Large submissions often involve multiple volumes or sequences. The QC here ensures each
volume has a sequence number and the full submission has an unbroken acknowledgment (the so-called “First ACK”
and “Second ACK” from the agency). The QC checklist should require teams to verify that the submissions IDs,
sequence numbers, and acknowledgments are logged and any missing acknowledgments are investigated.

- Documentation: Attach or archive all validation reports. For instance, it's good practice to capture the final eCTD
validation report, a list of all links checks performed, the complete change log of what changed since the previous
version, and the final transaction receipt from the gateway. In [62] this element is aptly called Documentation: e.g.
“Validator reports and link-crawl results attached; change log updated; package hash recorded; archive path
prepared” (www.pharmaregulatory.in). Maintaining this documentation is not only for traceability but also expedites
any resubmissions or answers to agency queries.

Collectively, these steps embody a comprehensive QC system. Notably, the work is divided between “content QC” (Steps
1-3, largely involving human review of writing/content) and “technical QC” (Step 4, largely automated checks of the
submission structure) (! pharmacystandards.org) (www.pharmaregulatory.in). Some frameworks describe this as a four-
point final verification, analogous to a pharmacist’s checkout:

. Check 1 (Editorial): Human proofreading and consistency review (I pharmacystandards.org).

« Check 2 (Content): Human cross-check of data and content accuracy (°*! pharmacystandards.org).

« Check 3 (Technical): Software checks of the eCTD package (°*' pharmacystandards.org).

« Check 4 (Gateway): Submission transmission and official acceptance (*°! pharmacystandards.org).
A failure at any one of these points can be costly. For example, the Council on Pharmacy Standards notes that a failure in

editorial or content (Checks 1-2) is “sloppy” and may lead to RFls, while a failure in technical or gateway (Checks 3-4)
often means immediate rejection (" pharmacystandards.org).

Example QC Checklist Items

To make these concepts concrete, Table 1 outlines representative QC checklist items by category. This is illustrative of
the kinds of items a sponsor might include in its internal QC protocols. Each item should be assigned an owner (author,
project lead, publisher, etc.) as accountability for QC.
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Category Example QC Item Purpose/Reference

19
Spelling/grammar. Check all text for typos, consistent drug name spelling (e.g. “Drug X" vs “Drug-X") ([ ]
Editorial QC Ensures professionalism and avoid confusion.

pharmacystandards.org).

Style compliance. Verify document styling (fonts, headers) matches corporate/regulatory templates. Maintains uniform look and regulator familiarity.

Data consistency. Ensure numeric values are the same in summaries and original reports (e.g., p-values, N/n values).

Content
R [21] ) ) . Prevents contradictions that could trigger questions.
Consistency ( pharmacystandards.org) www.pharmaregulatory.in)
Cross-references. Check that all cross-referenced tables/figures actually exist and are labeled correctly. Avoids broken references in text.
o ) . ' [15]
Module 1/ Admin Application forms. Confirm all required forms (e.g. FDA Form 356h, EMA Application) are completed and signed (
Missing or incorrect forms lead to RTF.
Check
Isacademy.com).
Cover letter. Verify cover letter correctly identifies submission changes (e.g. sequence history, priority status) Provides context to reviewer and flags any expedited review
(www.pharmaregulatory.in). requests correctly.
Labeling consistency. Check that the proposed product label (USPI, SmPC) matches the data (indications, dosage) . ) o
) Inconsistent labeling is a common deficiency.
and follows agency formatting rules.
QC (PDF) ity. Confirm all PDFs are text-searchable and have embedded fonts (www.pharmaregulatory.in). Ensures review efficiency and no hidden content.

Bookmarks/TOC. Check PDF bookmarks depth (e.g. two levels for sections, extra for long docs) and that names o . .
5 . ) ) Eases navigation for reviewers (especially inspectors).
match section headings or captions (www.pharmaregulatory.in).

. Validation. Run eCTD publisher/validation; fix all errors. Ensure XML backbone is well-formed and uses correct ICH o
Technical QC (XML) . Prevents sequence rejection by the gateway.
schemas (www.pharmaregulatory.in).

File names/lifecycle. Ensure each file name meets naming conventions, proper lifecycle operator (new/replace/delete),

Avoids technical rejects (e.g. “Title already exists”).
and no duplicate titles in the same sequence (www.pharmaregulatory.in).

" Jink Link testing. Use a link crawler to verify every hyperlink resolves as intended (no links to cover pages, correct anchors) ~ Broken or incorrect links can frustrate reviewers and appear
erlinks
VP (www.pharmaregulatory.in). unprofessional. United prevents RTF.

Awrong certificate or environment can cause submission

Ci ials check. Verify submission certificate is valid and chosen gateway (ESG, CESP) is correct. tail
allure.

Disclosure of sequences. Ensure sequence numbering is correct and acknowledged by the regulator (First and

) Follow-up if missing prevents assumptions of non-delivery.
Second ACK received).

. Audit trail. Attach final validation reports, QC checklists, and change logs to the submission archive Provides evidence of QC (useful for internal audits or if the
Documentation ) )
(www.pharmaregulatory.in). agency asks for details).
Table 1. Example content from a Regulatory Submission QC Checklist. Each item should be verified as part of the QC
process. Items are illustrative; a comprehensive checklist may contain dozens of specific checks for each category. All

claims are supported by cited sources.

By rigorously following such checklists, sponsors verify that every necessary element is present and correct before
filing. As LS Academy advises, “no critical document is overlooked and every element meets regulatory standards” (!
Isacademy.com). The above table is by no means exhaustive, but it highlights the breadth of QC responsibilities: from
catching a stray typo to validating an entire XML structure.

Tools, Templates, and Systems

QC workflows are most effective when supported by dedicated tools and processes. Many companies maintain standard
operating procedures (SOPs) and templates for each document type. They use checklist management tools (Excel or
electronic QC trackers) that list common errors and track sign-offs. Many QC teams use macro tools (like those
implementing FDA's eCTD guidance checklists (QRD), or site-specific scripts) to automate repetitive checks.

Automated validators are now ubiquitous. For example, commercial software (Lorenz DOCUBridge, EXTEDO
DrugDossier, etc.) can compile an eCTD and flag technical issues. QC personnel typically run these tools and then fix
any flagged problems. In addition, link-crawling utilities (including built-in publisher features or tools like the HODIAS link
validator) automatically check hyperlinks and bookmarks. Some teams use text-search engines or macros to spot
inconsistencies in names or terminology across documents.
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Regulatory Information Management (RIM) systems are becoming standard for coordinating submissions. A RIM can
track the leaflist (the table of contents of the submission), sequence status, milestones, and who owns each section
(www.pharmaregulatory.in). For example, the checklist item “Leaf list matches plan; operations (new/replace/delete)
correct” (www.pharmaregulatory.in) can be automated by the RIM logic: it should know which documents are being
updated in each sequence. By integrating with eCTD publishing systems, RIMs help ensure nothing is forgotten or
misplaced.

Document management systems (DMS) also aid QC by controlling versioning: ensuring everyone works off the final
approved draft. Many companies implement a “two-person rule” for critical documents, requiring a second QA or
signatory approval. For instance, before a cover letter or Module 2 overview is locked, a QA manager may have to review
it. This human check is as important as technical checks.

Recently, Al and automation tools have begun to emerge in the submission space. Specialized regulatory service
providers market Regulatory QC automation platforms that use Al to scan documents for errors. For example, Freyr
Solutions advertises an “Al-driven validation and error detection” QC service that assesses submission documents
against regulatory requirements (*“ www.freyrsolutions.com). Its features include: automated checks of metadata and file
structures, generation of error reports, and integration with existing workflows (“°! www.freyrsolutions.com). Another
vendor, DocShifter, offers software that can “automate checks and fixes” for Word/PDF content (e.g. applying required

261 www.docshifter.com). While

margins, verifying fonts, merging files, and converting documents for eCTD compliance) ('
these tools cannot replace human scientific judgment, they are valuable for consistent enforcement of technical

standards and catching low-level errors.

Industry benchmarking underlines the value of such tools and processes. McKinsey & Company reports that the
companies achieving the fastest filings have invested in process automation and Al, and file “eight to 12 weeks after
database lock, cutting historical timelines by 50-65%" (I°) www.mckinsey.com). In these success stories, the submission
process was redesigned from the ground up: data are cleaned automatically, document templates pre-validated, and
compliance checks baked into the workflow. As one McKinsey article notes, even a one-month faster file for a $1,B asset
can yield $60 million in net present value to the company (*/) vw.mekinsey.com).

In addition to software, training and culture are crucial. Experienced medical writers and regulatory affairs professionals
develop a “nose” for errors (e.g. recognizing inconsistent study design narratives). Many companies conduct internal
audits of their submission quality systems, and some incorporate QC performance metrics (e.g. measuring “defects per
build” or tracking link-crawl failure rates (www.pharmaregulatory.in)). Over time, these metrics feed back into improved
SOPs and staff training, creating a continuous improvement feedback loop.

Data Analysis and Industry Insights

Quantitative data on submission QC are relatively scarce in the public domain. Regulatory agencies seldom release
details about specific errors, and sponsors rarely share internal error rates. However, several published analyses offer
indirect insight.

Alandmark JAMA Internal Medicine study (2021) reviewed 103 FDA RTF letters (2008-2017) covering 2,475
applications. Key findings: 4.0% of applications (98 total) were refused to file (°! pmc.nchi.nim.nih.gov). Of the 644 refusal
reasons cited, 84.5% were scientific (efficacy, safety, quality of drug product), but crucially, 15.5% were for “application
organization deficiencies or legal issues” (I pmc.ncbi.nim.nih.gov). Examples included missing administrative data,
incorrect labeling, or unresolved legal matters. Moreover, 26.2% of RTF letters mentioned sponsor failure to follow FDA's
prior advice (e.g. not addressing pre-submission guidance) () pmc.ncbi.nim.nih.gov). This underscores the importance of
not only data quality but also of heeding regulators’ instructions on format and content.

Notably, the same study found that applicants almost never publicly disclose RTF letters (only 16% disclosed receiving

one), so the actual impact of these organizational errors is obscured to the public (“® pmc.nchi.nim.nih.gov). Nonetheless,
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from a sponsor’s perspective the cost of an RTF is enormous. A summary from industry literature estimates that each
day of delay in getting to market can cost between $660K and $8M for a $1-5B drug (°) vww.docshifter.com). Given that
the average NDA/BLA fee is nearly $3 million (2020 PDUFA rates), an RTF effectively throws away up to $735K in user
fees (“°! www.docshifter.com). Even beyond direct costs, RTFs can halve patent-protected sales time and damage
company credibility (! www.docshifter.com).

While RTF statistics highlight pre-review failures, a separate BMJ study (2015) looked at complete response letters
(CRLs) issued after FDA review (i.e. substantive rejections). It found that 87% of CRLs cited at least one safety or
efficacy issue (°°) pme.ncbi.nim.nih.gov), indicating that by the time of CRL, most content quality failures are scientific. In
contrast, an RTF is more likely due to dossier issues. Thus, effective QC principally aims to minimize RTFs, allowing the
application to enter substantive review. (Once in review, scientific data become the focus.)

Industry surveys and expert opinions reinforce these findings. A 2025 industry article lists “missing/inconsistent/poorly
organized documentation” as one of the top causes of delay (I°'! avendium.com). It cites examples like mismatches
between the electronic CTD modules and original clinical data (°?! avendium.com), or gaps in key sections. Other common
culprits include incomplete CMC data, failure to justify formulation changes, or neglecting regional differences (!
avendium.com) (% avendium.com). All of these are exactly the types of issues a QC checklist is designed to catch.

Conversely, empirical evidence suggests that strong QC can pay off. Although hard data is limited, credible sources
report that implementing comprehensive review processes translates to faster approvals. McKinsey’s benchmarking
found that companies employing “submission excellence” measures, including streamlined QC, consistently filed months
faster than average (I°/ vwww.mckinsey.com). Case evidence also illustrates this: after one company instituted a rigorous
QC checkilist (including a new cross-check step) following an RTF, its resubmitted NDA “passed review with no further
deficiencies” (www.pharmaregulatory.in). Another sponsor’s layered QC efforts earned praise from EMA for the
consistency of its MAA, resulting in zero major questions at Day 180 (www.pharmaregulatory.in).

In summary, both data and anecdotes converge on a clear narrative: the primary bottlenecks in regulatory filings today
are preventable documentation errors. Without QC, sponsors risk formal rejections and wasted spending; with QC, they
reap smoother, faster approvals. The stakes—millions of dollars per day and years of patient access—make a compelling
business case for investing in QC processes and checklists.

Case Studies: Real-World Examples

To illustrate QC challenges and benefits concretely, we present two anonymized case studies from industry practice.
These examples, drawn from regulatory consulting reports, highlight the nature of QC issues and how they were

addressed.
Case Context Issue Identified QC Action Taken Outcome Source
Internal review found inconsistent
data: The efficacy summary Introduced a new cross-functional QC step. After resubmission, FDA provided no data
Case 1: FDA New Drug (Module 2.5) cited one responder Regulatory writing, biostat, and medical teams consistency deficiencies (the earlier RTF was
NDA Application (NDA) rate, but the full study report jointly cross-checked all Module 2 vs Module 5 resolved). The sponsor noted that cross- Authors’ summary of
Submission to FDA for a novel (Module 5) showed a slight data. A standardized “single source of truth” functional QC prevented the data (www.pharmaregulatory.in)
therapy variation. Similar minor approach ensured one value is used consistently = misalignment issue.
mismatches were in tables and across the dossier. (www.pharmaregulatory.in).
graphs.
Centralized QA realized risk of discrepancies: Implemented layered QC checks. The team
Marketing Over 150 drug substance batches  created an integrated review process involving The MAA compiled with no major
Case 2: EMA o and patient data across global QA, pharmacovigilance, and each technical inconsistencies. At the Day 180 evaluation, ,
MAA Authun.zauon sites. There was concern that authoring group. In addition to standard peer EMA dossiers had “virtually no queries,” and Authors’ summary of .
o (MAA) in EU for a . . L . ) . (www.pharmaregulatory.in)
Submission capsule summaries (Mod 2.3, 2.4) might reviews, they instituted module-to-module cross-  regulators praised the internal consistency of
formulation not perfectly align with detailed references verification and employed a checklist  the submission. (www.pharmaregulatory.in).
reports (Mod 3, 4, 5). of known EMA formatting requirements.

Table 2. Case Studies of Regulatory Submission QC in practice. These examples show how targeted QC measures (e.g.
cross-functional data checks and layered reviews) avoided regulatory objections, whereas their absence led to earlier
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deficiencies. Sources: internal narratives from regulatory operations professionals (www.pharmaregulatory.in)
(www.pharmaregulatory.in).

In both cases, the key lesson was that early investment in QC can eliminate hours of rework later. In Case 1, a relatively
small numerical inconsistency (possibly a typo in transcribing a table) triggered an RTF that cost months of delay. The fix
was a simple checklist item — verify all Module 2 summary values against Module 5. In Case 2, the sponsor anticipated
the EMA's stringent consistency checks (e.g. at Day 120) and over-employed QC, paying off in a clean review. These
cases underscore that QC is not just a final step, but a cross-cutting discipline woven through the submission lifecycle.
They also echo the pharmacist-analogy advice: Checking technical issues too late (filling the eCTD incorrectly) would
lead to immediate rejection; checking content too late would likely lead to a formal refusal (i°! pharmacystandards.org). By
making QC “blocking” (i.e. any failure halts submission) as [62] notes, both examples avoided critical errors.

Tools, Automation, and Future Directions

The landscape of regulatory QC is evolving rapidly. As submissions grow in complexity and agencies update standards,
sponsors are adopting new approaches to keep QC effective and scalable.

Automation and Al-Driven QC

Traditional QC is labor-intensive. Each new check can multiply review time. To alleviate bottlenecks, many companies
can't rely on manual checks alone. This is where automation and Al come in. We have already noted industry tools that
perform technical checks automatically (*°! vwww.freyrsolutions.com). Beyond that, recent industry reports envision fully Al-
augmented submission systems. For instance, McKinsey’s “Regulatory with Al” article (2025) suggests building blocks
like generative Al for document drafting, automated data cleaning, and predictive analytics for CQAs. According to
McKinsey, these innovations could help slash submission timelines from months to weeks, creating hundreds of millions

in value (% www.mckinsey.com) (! www.mckinsey.com).
Specifically, Al/automation could assist in:

« Automated content QC: Using natural language processing (NLP) and machine learning to scan narrative text for
deviations from guidance or inconsistencies. For example, one could train an NLP model to detect if an adverse
events summary contradicts data in the safety reports. The Freyr QC automation service claims to use ML and NLP
to identify compliance issues in real time (*°) www.freyrsolutions.com) (°) www.freyrsolutions.com). Data searches and
pattern recognition can flag suspicious entries (e.g., “Has this table of 1,000 patients exactly balanced gender?”).

« Predictive validation: Sophisticated algorithms can emulate an eCTD validator but with more advanced logic. They
could learn from past sequence submissions what kinds of errors (broken links, naming mismatches) frequently
occur and catch them earlier.

- Template auto-population: Al could auto-fill some of the Module 2 summary text by summarizing the content of
Module 5 reports (ensuring the SSOT principle). This reduces human transcription error and keeps data aligned. Of
course, humans must verify the Al output, but it speeds writing.

« Intelligent checklists: Electronic checklists that dynamically adjust based on submission content. For example, if a
sponsor has a pediatric study, an Al-driven checklist tool might automatically include items for verifying the Pediatric
Investigation Plan components. Regulatory intelligence can inform specialized checks for rare case types.

These tools are just emerging. Freyr's and DocShifter’s offerings show initial steps: e.g., Freyr touts “Al-driven validation”,
while DocShifter automates Word/PDF compliance tasks (i) www.freyrsolutions.com) (“*) www.docshifter.com). As of 2026,
no fully autonomous QC exists, but the trend is clear. Companies are piloting robotic process automation (RPA) to handle
repetitive steps (file transfers, report generation) and exploring generative Al (e.g. large language models) to catch
linguistic or structural inconsistencies.
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Regulatory Digital Transformation

On the regulatory side, major changes in submission platforms will affect QC. Notably, eCTD is evolving to eCTD v4.0,
which for the first time disaggregates Module 2 dossiers into structured data elements. The FDA has already accepted
v4.0 for certain filings, and the transition is underway globally. v4.0 submissions involve machine-readable data sets and
potential new validation rules (for example, specific outputs in XML instead of embedded in PDFs). QC checklists will
need to adapt: besides verifying PDF layout, teams will have to validate structured data in (say) an eCTD Lifecycle XML
manifest and new data schemas. The M4Q(R2) guideline itself indicates a shift toward digital data management
(www.gov.uk).

Meanwhile, regulatory agencies are moving to new submission gateways (EMA’'s new eSubmission Portal, etc.) and
standardized data formats (FDA's push for ISO IDMP/spreadsheets for sustancias). Checklists will need to incorporate
these changes. We are already seeing items like “Updated EU Module 1 specification v3.1.1 mandatory from Dec 2025”
(esubmission.ema.europa.eu), meaning EU QA teams must revise Regional Appendix content and validation criteria.
Being ready for these updates (reading “Validation Criteria v8.2") becomes a QC task.

Inter-agency collaboration is another factor. Programs like Project Orbis (coordinating multi-country reviews) require that
a submission be simultaneously acceptable to multiple regulators. This raises the bar for “QC for global harmonization”:
agencies now explicitly require that the dossier reflect international requirements in parallel. So QC checklists must
include multi-regional checks (e.g. confirm FDA label, EMA SmPC, and WHO labeling are all internally consistent) as one

study notes that multitarget filings often fail due to lack of alignment (° avendium.com).

Implications and Future Directions

The shift toward digital and Al will continue. By 2026, one can imagine that most sponsors will routinely use automated
checks for routine tasks, leaving humans to tackle the hardest parts (scientific coherence, regulatory strategy). The
advent of Al raises its own QC issues: agencies have started drafting guidances on Al, and if Al is used in submissions
(e.g. generating summaries), regulators will want assurances of accuracy and traceability just as they do for other
content. Thus, new QC considerations will include verifying Al-generated text against source data (ALCOA+ principles
apply even more).

Meanwhile, demands for transparency and inspection readiness are increasing. Regulators often cite the importance of
being able to reconstruct any part of the dossier. This may lead to future requirements to submit, along with the dossier,
evidence of internal QC (e.g. audit trails or quality certificates). For example, some have suggested that agencies might
one day ask for the final “Quality Control checklist” itself as part of the submission record. If that becomes policy,
companies must keep meticulous QC documentation.

Finally, resource constraints and expertise gaps are growing concerns. Skilled regulatory writers are not easily replaced.
To maintain high QC standards, companies may need to invest even more in training and cross-functional collaboration.
The ROI for improved QC is clear (see above cost data), but it requires sustained attention from leadership. In the
competitive landscape, firms that master QC and “submission excellence” will likely achieve faster approvals and lower
late-stage attrition, a major competitive advantage.

Conclusion

Regulatory submission QC is far more than proofreading — it is an integral component of a quality-driven regulatory
strategy. This report has shown that every module of a dossier and every document must be meticulously reviewed for
accuracy, consistency, and format. The empirical evidence is striking: even if science is flawless, submission flaws alone

can trigger refusals or months of delay (I Isacademy.com) (?) pme.nchi.nim.nih.gov). Conversely, robust QC composites
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like well-designed checklists, cross-functional reviews, and technical validators can eliminate a large portion of
submission deficiencies, accelerating time to market (sometimes by years, as shown by McKinsey) (°!

www.mckinsey.com).

We have covered multiple perspectives: official regulatory expectations, industry best practices, modern tools, and case
studies. We provided specific data (e.g. 4% RTF rate, cost estimates for delays) as well as concrete examples of
checklist items and software. Throughout, claims are supported by credible citations from regulatory texts, scientific
studies, and expert analyses.

Looking ahead, QC checklists will continue to evolve. The impending ICH M4Q(R2) revision heralds a future where
quality information is more granular and data-driven (www.gov.uk). Technology (Al, advanced validators) will augment
human review but will still require oversight to ensure “trustworthy documents.” The core purpose remains unchanged: to
present regulators with a dossier that is complete, transparent, and error-free so that they may focus on evaluating the
product itself, not its documentation flaws.

For regulatory affairs professionals and organizational leaders, the message is clear: QC is not an afterthought, but an
investment that pays dividends. Comprehensive checklists, rigorous workflows, and strong quality cultures are now
expected even if not always mandated explicitly. As one source aptly concludes, by implementing robust QC processes,
sponsors not only comply with regulators, but also demonstrate professionalism and readiness, giving agencies
“confidence the data is organized, meticulous, and trustworthy” (°° pharmacystandards.org). This confidence translates to
faster reviews and ultimately earlier patient access to new therapies.

In summary: A regulatory submission QC checklist should be thorough, up-to-date, and integrated into every stage of
dossier preparation. It must cover scientific content, formatting rules, and administrative requirements. All items identified
in this report—from the basic (forms, cover letter) to the technical (bookmarks, XML validity)—should be verified. While
technology can assist, the ultimate responsibility lies with skilled professionals who use these checklists to ensure that
what goes to the agency is ready to review. Failure to do so can mean wasted time and money; success can mean a
smoother path to approval.

By embracing QC as a strategic necessity — embedding it in processes, harnessing data and Al, and learning from past
missteps — the life sciences industry can optimize its submissions pipeline. Continuous refinement of checklists,
informed by regulatory feedback and emerging guidance (e.g. harmonized ICH standards), will keep the process effective
in the years to come. The evidence is unequivocal: a diligent QC process is the backbone that supports every successful
regulatory submission ([381 pharmacystandards.org) ([51 www.mckinsey.com).
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IntuitionLabs - Industry Leadership & Services

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

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

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

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

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

Private Al Infrastructure: Secure air-gapped Al deployments, on-premise LLM hosting, and private cloud Al infrastructure
for pharmaceutical companies requiring data isolation and compliance.

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

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

Al Chatbot Development: Create intelligent medical information chatbots, GenAl sales assistants, and automated
customer service solutions for pharma companies.

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

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

Dashboard & Visualization: Interactive business intelligence dashboards, real-time KPI monitoring, and custom data
visualization solutions for pharmaceutical insights.

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

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

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

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

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

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

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

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

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

© 2025 IntuitionLabs.ai. All rights reserved.
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