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ABSTRACT— The submission of an Abbreviated New
Drug Application (ANDA) to regulatory agencies such as
the U.S. Food and Drug Administration (FDA)
necessitates the assembly of extensive technical, scientific,
and administrative documentation. Traditionally, this
process has been labor-intensive, error-prone, and time-
consuming, placing strain on both regulatory affairs
teams and organizational resources. The introduction of
automated document compilation platforms—Ileveraging
rule-based engines, natural language processing (NLP),
and electronic Common Technical Document (eCTD)
publishing tools—promises to streamline ANDA
submissions by reducing manual effort, improving
consistency, and accelerating time to market. This
manuscript presents a comprehensive investigation into
the development and deployment of automation in
regulatory document compilation for ANDA submissions.
It encompasses a systematic literature review, a
description of the implemented methodology integrating
data extraction, template management, and eCTD
publishing, and a quantitative evaluation of the approach
via error-rate analysis and time savings metrics. Results
indicate a 65% reduction in manual editing errors and a
40% decrease in compilation time. The discussion outlines
the operational implications, challenges encountered, and
future scope for Al-driven enhancements. This work
contributes actionable insights for pharmaceutical
companies seeking regulatory compliance -efficiency

through automation.
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Figure-1. Navigating the Regulatory Submission Process, Source[l]
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INTRODUCTION

The pharmaceutical industry operates under stringent
regulatory frameworks intended to ensure the safety, efficacy,
and quality of medicinal products. In the United States,
generics manufacturers seek  approval through ANDA
pathways, which require the submission of extensive dossiers
documenting  bioequivalence  studies, manufacturing
processes, labeling, and quality controls (FDA, 2021).
Document assembly for ANDA submissions traditionally
involves multiple stakeholders—including formulation
scientists, quality assurance specialists, and regulatory affairs
professionals—who manually collate, format, and validate
hundreds of individual files (Rosenblatt & McCarthy, 2019).
This manual process is susceptible to transcription errors,
inconsistent formatting, and version-control issues, leading to
potential delays, regulatory queries, or outright refusals

(Smith et al., 2020).
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Figure-2.ANDA Submissions Challenges, Source/2]

Over the past decade, generic drug approvals have surged,
driven by patent expirations on blockbuster brands and global
initiatives to reduce healthcare costs. In 2024 alone, the FDA
reported receiving over 1,200 ANDA submissions, a 15%
increase compared to the previous year, reflecting the
growing market opportunity for generics manufacturers
(FDA, 2024). Each ANDA dossier comprises multiple
modules: quality, nonclinical, clinical, labeling, and
administrative information, collectively spanning thousands
of pages. Traditional document management relies on manual
extraction of data—such as analytical method descriptions,
stability data tables, and manufacturing batch records—from
laboratory reports and technical protocols. Regulatory affairs
teams must then map these data points into standardized
eCTD templates, ensuring compliance with ICH M4Q
guidelines and FDA eCTD specifications (ICH, 2017; FDA,
2021).

Such manual workflows are not only time-intensive—often
requiring two to three full-time personnel per submission—
but also prone to human oversight. Even minor formatting
discrepancies (incorrect section headings, broken hyperlinks,
misnamed files) can trigger automated validation failures in
eCTD publishing tools, necessitating iterative corrections that
extend submission timelines by weeks. Moreover, disparate
content sources (PDFs, Word documents, Excel

spreadsheets) complicate metadata consistency and increase

the risk of misclassification—where a clinical study report
might be erroneously filed under the wrong eCTD module,

for example.

Given these pain points, pharmaceutical companies are
increasingly investing in automation. A survey of regulatory
affairs leaders indicated that over 70% plan to adopt at least
one form of document automation by 2026, with NLP-based
metadata extraction, template auto-population, and rule-
based validation cited as top priorities (Singh & Mehta,
2021). However, widespread adoption requires demonstrated
ROI and robust integration with existing enterprise content
management (ECM) and laboratory information management
systems (LIMS). This study proposes a comprehensive
automation framework and evaluates its efficacy using real-
world ANDA submissions, aiming to provide a replicable

model for industry stakeholders.

Our objectives are fourfold:

1. Synthesize existing automation technologies and
their applications in regulatory affairs.

2. Design and implement a modular workflow
integrating NLP, rule engines, and eCTD
publishing.

3. Quantitatively assess improvements in compilation
time, error rates, and user satisfaction.

4. Identify challenges and propose future directions

for Al-driven regulatory automation.

By addressing these goals, we seek to inform both industry
practitioners and tool vendors on best practices for achieving
scalable, reliable, and fully integrated ANDA document

automation.

LITERATURE REVIEW

Regulatory Documentation Challenges

Regulatory submissions for pharmaceuticals are governed by

guidelines such as the FDA’s eCTD specification and the ICH

47 Online International, Peer-Reviewed, Refereed & Indexed Monthly Journal


https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.docshifter.com%2Fblog%2Fabbreviated-new-drug-applications%2F&psig=AOvVaw1arbyE6AJEL-cEuX1b553h&ust=1750004490258000&source=images&cd=vfe&opi=89978449&ved=0CBUQjRxqFwoTCOic6-ep8Y0DFQAAAAAdAAAAABAL

Satyam Agarwal et al. / International Journal for Research in

Management and Pharmacy

Vol. 15, Issue 01, January: 2026
(IJRMP) ISSN (0): 2320- 0901

M4Q guideline. Preparing these submissions demands
precise structuring of modules, cross-referencing among
sections, and adherence to strict naming conventions. Manual
processes often lead to version mismatches and incomplete
cross-links, resulting in regulatory deficiencies (Smith et al.,

2020).

Automation Technologies in Regulatory Affairs

Research on document automation spans several industrial
domains. In pharmaceuticals, early implementations focused
on rule-based systems to validate template compliance (Lee
& Wang, 2016). More recent studies have explored NLP for
metadata extraction from source documents, enabling semi-
automated tagging of eCTD components (Chen et al., 2019).
Machine learning models have been trained to recognize
document types—<clinical study reports, quality summaries,
labeling—and auto-populate standardized templates (Kumar

& Garcia, 2020).

e¢CTD Publishing Tools

Commercial eCTD publishing tools (e.g., . Lorenz
DocuBridge, EXTEDO eCTDmanager) offer graphical
interfaces for assembling submission packages. These
solutions automate validation checks for file naming, module
sequencing, and hyperlink integrity (Patel & Zhang, 2022).
However, integration with enterprise content management
(ECM) systems remains a challenge, often requiring manual

export and re-import steps (Rosenblatt & McCarthy, 2019).

Impact on Regulatory Timelines

Empirical analyses indicate that partial automation—such as
template-based auto-population—can reduce compilation
time by 20-30% (Jones & Patel, 2018). Fully integrated
automation workflows combining NLP and rule engines have
demonstrated up to 50% time savings in pilot studies (Chen
et al., 2019). Error rates in document assembly dropped by
more than half, correlating with fewer regulatory queries and

faster review cycles (Kumar & Garcia, 2020).

Research Gap

Despite promising results, literature highlights persistent
obstacles: variability in source document formats, difficulty
in extracting complex tables and figures, and the need for
human oversight to ensure contextual accuracy (Lee & Wang,
2016; Patel & Zhang, 2022). Furthermore, quantitative data
on end-to-end workflows—spanning extraction, template
mapping, eCTD validation, and submission—are scarce. This
study addresses these gaps by presenting a full-cycle
automated solution and evaluating its performance in a real-

world setting.

A deeper examination of rule-based validation approaches
reveals that while such systems adeptly enforce structural
compliance—ensuring correct module numbering and file
naming conventions—they falter in semantic accuracy. Lee
and Wang (2016) reported that rule engines alone
misclassified up to 18% of unstructured documents when
metadata context was ambiguous, necessitating manual
intervention: Subsequently, hybrid models combining rule
engines with NLP frameworks have gained traction. Chen et
al. (2019) demonstrated that leveraging spaCy’s entity
recognition alongside custom regulatory taxonomies reduced

misclassification to under 5%.

Commercial eCTD tools, although feature-rich, suffer from
siloed implementations. EXTEDO eCTDmanager and
Lorenz DocuBridge excel at final package assembly but
typically require manual file uploads from ECM repositories,
creating bottlenecks. Rosenblatt and McCarthy (2019) argue
that bi-directional APIs with ECM systems are essential for
seamless workflows but are rarely implemented due to

proprietary platform constraints.

In terms of advanced Al techniques, Kumar and Garcia
(2020) explored convolutional neural networks for document
image classification, showing promise in automating figure
and table recognition. However, Brown and Williams (2021)

highlighted persistent OCR inaccuracies for multi-layered
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regulatory tables, suggesting that domain-specific pre-

training of OCR models is necessary.

Finally, user acceptance studies (Singh & Mehta, 2021;
Thomas & Broome, 2022) underscore the importance of
intuitive  interfaces and transparent error-correction
workflows. Regulatory specialists value systems that clearly
highlight automation-flagged issues and allow for rapid
manual overrides. Overall, while foundational research points
to significant efficiency gains, holistic evaluations of
integrated, end-to-end automation pipelines remain limited,

underscoring the contribution of the present study.

METHODOLOGY

System Architecture

The automated workflow comprises three core modules:

1. Data Extraction Engine: Utilizes OCR and custom
NLP pipelines to parse source documents (e.g.,
clinical protocols, validation reports). Key
metadata—section  headings, table = captions,
regulatory references—are extracted and stored in a
structured database (MySQL).

2. Template Management Module: Houses a library
of standardized eCTD templates conforming to FDA
and ICH specifications. A rule-based engine maps
extracted content to appropriate template sections
and enforces naming conventions.

3. eCTD Publishing Interface: Integrates with an
ECM  system  (Documentum), automatically
generating XML backbone files and bundling PDF
exhibits. The interface performs pre-validation

checks and produces the final submission package.

Implementation Details

e Extraction Engine: Built on Apache Tika for text

extraction and spaCy for NLP-based entity

recognition. Custom regex patterns detect module
identifiers (e.g., “5.3.5 Stability Data”).

e Rule Engine: Developed using Drools, with over
150 rules encoding FDA eCTD requirements
(version 4.0) and internal standard operating
procedures (SOPs).

e Publishing Interface: Leverages the open-source
eCTD-validator library to check structure and
hyperlinks prior to package creation.

Data Collection and Sample

A sample set of ten historical ANDA submissions (2018—
2022) was selected, comprising approximately 2,500
individual files. These were reprocessed through the

automated workflow. Key performance indicators included:

e Compilation Time: Measured from start of
extraction to final package generation.

e Error Rate: Recorded as the number of manual
corrections required post-automation (e.g., broken
links, misclassified sections).

e  User Satisfaction: Surveyed among five regulatory

affairs specialists using a five-point Likert scale.

STATISTICAL ANALYSIS

To quantitatively assess the impact of automation on ANDA
document compilation, we performed paired-sample t-tests
comparing manual versus automated workflows on two key
metrics: total compilation time and number of manual
corrections required. Data from ten historical submissions
(2018-2022) were included. All analyses were conducted in

R (version 4.1.2), with statistical significance set at a2 = .05.

First, we examined compilation time. The manual process
averaged 14.0 hours (SD = 1.2), while the automated
workflow averaged 8.4 hours (SD = 0.9). A paired t-test
confirmed this reduction was highly significant, t(9) = 6.23,

p <.001, indicating a 40% decrease in time.
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Next, we evaluated the number of manual corrections (e.g.,
naming fixes, hyperlink repairs). Manual compilation
required an average of 12.6 corrections (SD = 2.1), versus 4.4
corrections (SD = 1.3) in the automated process. A paired t-
test again showed a highly significant reduction, t(9) = 7.85,

p <.001, corresponding to a 65% decrease in errors.

These results demonstrate that automation not only speeds up
document assembly but also substantially improves accuracy,

with large effect sizes (Cohen’s d > 1.8 for both metrics).

Metric Manual | Automated | t(9) p-
Mean Mean value
Compilation 14.0 8.4 6.23 <
Time (hours) .001
Number of 12.6 4.4 7.85 <
Corrections .001
Metric
16 14
14
12
10
8
6
4
2
0

Compilation Time (hours) Number of Corrections

m Manual Mean m Automated Mean

Figure-3.Statistical Analysis

Note. Paired t-tests comparing manual and automated

workflows (n = 10). All tests two-tailed.

RESULTS

A more granular analysis reveals that time savings were most

pronounced in the template mapping phase, where rule-

based automation reduced average mapping time from 5.2 to
2.1 hours—a 60% decrease. The extraction phase saw a 35%
time reduction, largely due to automated OCR and NLP
pipelines replacing manual copy-paste and reformatting
tasks. The publishing phase (XML backbone generation and
validation) experienced a 25% speedup, attributable to pre-
validation checks catching errors earlier and reducing

iterative fix cycles.

Error analysis categorized corrections into four types:

1. Naming Conventions: Dropped from 4.8 to 1.2
errors per submission (75% reduction).

2. Hyperlink Integrity: Reduced from 3.6 to 0.8
broken links per submission (78% reduction).

3. Content Misclassification: Declined from 2.4 to 1.6
errors (33% reduction), with residual errors
primarily in multi-topic documents.

4. Table/Figure  Formatting: Only  modest
improvements (from 1.8 to 0.8 corrections),
underscoring persistent OCR limitations for

complex visual data.

User satisfaction surveys (N=5) yielded an average SUS score
of 82—placing the system in the “excellent” usability

bracket. Regulatory specialists highlighted three key benefits:

e Consistency: Standardized template enforcement
eliminated inter-user variability.

e  Traceability: Audit logs for each extracted element
increased transparency and facilitated audits.

e Focus Shift: Automation enabled specialists to
allocate 45% more time to strategic activities such

as regulatory intelligence and risk assessments.

Qualitative feedback surfaced areas for improvement:
enhanced support for manuscript-style tables (nested rows,
merged cells), integration with LIMS for direct retrieval of

analytical data, and a more intuitive dashboard for real-time
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monitoring of batch runs. These insights will guide the next

development sprint.

CONCLUSION

This study demonstrates that comprehensive automation in
regulatory document compilation for ANDA submissions can
markedly enhance efficiency and accuracy. By integrating
advanced NLP, rule-based engines, and seamless eCTD
publishing, organizations realized a 40% reduction in
compilation time and a 65% reduction in manual corrections.
The positive reception by regulatory specialists underscores

the practical value of the approach.

The successful deployment of our end-to-end automation
framework represents a significant stride toward digital
transformation in regulatory affairs. Beyond immediate
efficiency gains—quantified by reduced compilation times
and error rates—the broader organizational impact includes
elevated staff morale, reallocation of human resources to
high-value tasks, and strengthened regulatory compliance
posture. By automating repetitive tasks, companies can invest
in continuous process improvement, such as incorporating
machine learning models for predictive validation of
document anomalies and leveraging analytics for proactive

regulatory strategy.

However, the study also highlights persistent challenges that
warrant further research and development. Complex table and
figure extraction remain a bottleneck; future work should
explore domain-specific deep learning approaches, such as
transformer-based models fine-tuned on regulatory document
corpora, to enhance optical and semantic recognition of
multi-layered visual data. Additionally, achieving true
“lights-out” automation will require standardization of
metadata schemas across industry stakeholders; collaboration
between regulatory agencies, industry consortia, and software
vendors could establish universal ontologies for submission

components. Integration with LIMS and other laboratory

systems is another frontier, promising end-to-end traceability

from raw analytical data to submission package.

In conclusion, automation in ANDA document compilation
not only accelerates time to market for generic drugs—
thereby improving patient access and reducing healthcare
costs—but also empowers regulatory professionals to shift
from transactional tasks to strategic roles, such as regulatory
intelligence and risk management. As the pharmaceutical
landscape evolves, embracing Al-driven automation will be
essential for organizations seeking to maintain competitive

advantage and regulatory compliance excellence.
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