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ABSTRACT

The shift to digital solutions in quality assurance (QA) in the
pharmaceutical industry is marked by the replacement of paper
based methods with more advanced technological systems. The
use of electronic Batch Manufacturing Records (e-BMR) and
electronic Batch Packaging Records (e-BPR) enhances
compliance and operational efficiency by capturing data in real
time and automating workflows. Remote quality assurance and
monitoring is possible, which significantly reduces manual
oversight. These systems also aid in minimizing human error,
automating manual procedures, and expediting batch release in
a unified, standardized manner across all sites. Al, loT, and
blockchain technologies are deeply integrated within the
documentation systems, allowing for advanced predictive
quality control and early detection of deviations, guarantees
and tamper-proof audit trails that ensure system integrity.
Tools, like Werum PAS-X Manufacturing Execution System
(MES) and Honeywell Forge, have shown a quantifiable

enhancement in batch monitoring, deviation tracking, and

regulatory reporting accuracy. These systems and processes also guarantee utmost
compliance with global regulations like FDA 21 CFR Part 11, EU Annex 11, and India’s

Schedule M. The primary concern of shift to digital systems in the pharmaceutical industry
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would stem from expensive initial investments, the cost of integrating with legacy systems,
and the exhaustive need for validation processes. Regardless, the advantages of digital

documentation.

KEYWORDS: Electronic Batch Records, Digital Documentation, Pharma 4.0, Data
Integrity, Regulatory Compliance, Pharmaceutical Quality Assurance.

INTRODUCTION

The foundation of compliance, traceability, and product quality in pharmaceutical quality
assurance (QA) is documentation. From the purchase of raw materials to the release of the
final product, every stage of the manufacturing process needs to be carefully documented to
make sure that operations are carried out in accordance with legal and regulatory standards.
The integrity and reproducibility of pharmaceutical products are supported by documentation,
which includes standard operating procedures, deviation reports, batch manufacturing records
(BMR), and batch packaging records (BPR).!!

In order to prove adherence to current Good Manufacturing Practices (cGMP), which are
required by regulatory bodies like the FDA, WHO, and EMA, batch manufacturing records
(BMR) and batch packaging records (BPR) are essential. In addition to ensuring process
uniformity and traceability, these records also act as proof in regulatory audits and
inspections.*! In order to maintain product quality, allow recalls when needed, and prevent
fines or product recalls brought on by non-compliance, accurate and comprehensive

BMR/BPR documentation is crucial.

By exposing the shortcomings of paper based systems and underlining the necessity of
remote access, real time data monitoring, and optimized procedures, the COVID-19
pandemic dramatically accelerated the digital transformation in pharmaceutical quality
assurance. In order to increase operational agility and compliance, numerous businesses
started using electronic BMRs (e-BMRs), electronic BPRs (e-BPRs), and other digital quality
systems.[*® The advent of Pharma 4.0—a paradigm change that incorporates automation,
artificial intelligence (Al), the Industrial Internet of Things (IoT), and sophisticated data
analytics into pharmaceutical manufacturing—further accelerated this shift. In addition to
facilitating predictive quality assurance and continuous process verification, Pharma 4.0
cultivates a data driven quality culture and is important in redefining regulatory readiness and

process efficiency.”
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Limitations of Paper Based Systems: Paper based documentation systems in
pharmaceutical quality assurance come with several limitations that hinder both operational
efficiency and regulatory compliance. One major drawback is their susceptibility to human
error, as manual data entry can lead to transcription mistakes, omissions, and illegible
handwriting compromising data accuracy. These systems are also time consuming, with batch
release schedules often delayed due to the labor intensive processes of preparing, reviewing,
and archiving records. Additionally, physical documents are vulnerable to loss, unauthorized
alterations, mishandling, and environmental damage, all of which pose significant risks to
data integrity. Accessibility is another concern, as retrieving paper records during audits or
investigations can be cumbersome and slow, adversely affecting timely decision making.
Furthermore, maintaining consistent audit trails and ensuring compliance with regulatory
standards such as FDA 21 CFR Part 11 is challenging with paper based systems, thereby

increasing the risk of noncompliance.®

What is Digital Documentation (e-BMR/e-BPR) and Why It's the Future: In
pharmaceutical manufacturing, digital documentation refers to the replacement of
conventional paper based systems with electronic Batch Manufacturing Records (e-BMR)
and electronic Batch Packaging Records (e-BPR). Real time production and packaging data is
captured directly from equipment and operators by these systems, which are integrated into
platforms such as Manufacturing Execution Systems (MES) and Quality Management
Systems (QMS). Compliance with international regulatory standards, such as FDA 21 CFR
Part 11 and ALCOA+ principles, is ensured by features like electronic signatures, automated
workflows, version control, and audit trails. Digital documentation drastically lowers
transcription errors, data loss, and batch review and approval delays when compared to
manual processes.[* 1%

The move to e-BMR/e-BPR is a key part of the Pharma 4.0 movement because it makes
things more efficient, easier to track, and more secure. Review by exception enables QA
teams only look at deviations instead of whole batch records, which speeds up the release of
batches. Seamless integration with ERP, LIMS, and other systems makes it possible to trace
everything from start to finish and be ready for an audit. Digital documentation is becoming
more and more recognized as a strategic tool for driving compliance, operational excellence,
and scalability in pharmaceutical manufacturing.™™ This is because it supports real time

decision making and allows for standardization across multiple sites.
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Advantages of digital documentation: Digital documentation in pharmaceutical quality
assurance has many important benefits that make up for the problems with old fashioned
paper based systems. Automated data entry and system guided inputs help reduce mistakes
made by people, which makes the system more accurate and reliable. Access to data in real
time supports faster reviews, decisions, and product releases, which greatly increases
operational efficiency. Also, features like audit trails, electronic approvals, and secure storage
make it easier to follow the rules and keep data safe while lowering the chance of loss or

manipulation.t*# 3!

BACKGROUND

Pharmaceutical Documentation and Quality Assurance: Throughout the drug
development and manufacturing lifecycle, pharmaceutical documentation is essential to
maintaining product quality, regulatory compliance, and traceability. Important document
types consist of Standard Operating Procedures (SOPs), Master Formula Record (MFR),
Batch production Record (BMR), Drug Master File (DMF) Common Technical Document
(CTD).14

e-BMR and e-BPR: Electronic Batch Manufacturing Records (e-BMR) and Electronic Batch
Packaging Records (e-BPR) are digital versions of traditional documentation used in
pharmaceutical production. While e-BMR tracks the manufacturing process, e-BPR records
packaging activities. Both systems improve data accuracy, enable real time access, and
strengthen compliance by reducing manual errors and maintaining secure audit trails.!**!
Features of e-BMR/e-BPR Systems: The features of e-BMR and e-BPR systems are meant
to make pharmaceutical manufacturing processes more accurate, easier to track, and more
compliant. With real time data entry, operators and supervisors can enter information directly
into the system as it happens. This reduces transcription errors and makes sure that records
are always up to date. These systems also use a "review by exception” method, which means
that only results that are different from what was expected or out of specification are flagged
for QA reviewers. This speeds up the approval process.[***")

Audit trails are automatically maintained, capturing every modification, addition, or deletion
along with the user’s identity, timestamp, and reason, ensuring full traceability and
compliance with regulatory standards. Additionally, electronic signatures replace handwritten

approvals, offering secure, legally valid authentication in line with regulations such as FDA
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21 CFR Part 11. Together, these features make e-BMR/e-BPR systems robust tools for

ensuring data integrity and regulatory readiness.***!

APPLICATIONS OF DIGITAL DOCUMENTATION IN PHARMACEUTICAL QA
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Eggg%’f econd Real time
managment production
\ T monitoring
Training Applications of Automatic
record and digital ——————  deviation
compliance documentation tracking
mapping in pharma
Integrated T e- SOP
QA managment
approval Document
- lifecycle <
managment

Figure 1: Applications of Digital Documentation in Pharma.

Real Time Production Monitoring: e-BMR and e-BPR systems allow continuous tracking
of production activities, from material dispensing to final packaging. They integrate with
process equipment to automatically record key parameters like temperature, humidity, and
pressure. This real time visibility enables supervisors and quality teams to monitor batch

status live and respond quickly to any deviations.!”

Automatic Deviation Tracking: e-BMR/e-BPR systems automatically flag any out of
specification values, triggering instant alerts. Each deviation is time stamped and linked to
user credentials, ensuring full traceability. This supports effective investigation, corrective
actions, and compliance with regulatory standards.?"

Integrated QA Approvals: e-BMR/e-BPR systems enable real time, remote QA reviews

through secure digital workflows. Electronic signatures and audit trails ensure traceable,
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compliant approvals. Features like “review by exception” highlight only critical issues,

making the review process faster and more efficient.??

BENEFITS OF DIGITAL DOCUMENTATION IN PHARMACEUTICAL QA

Regulatory Compliance

o 21 CFR Part 11 (FDA): Ensures the validity, dependability, and conformity of electronic
documents and signatures to those of paper documents.[*4

o EU Annex 11: Includes computerized systems in GMP settings, emphasizing system
validation, data integrity, and security.!*®

o ALCOA+: Digital systems uphold the values of Attributable, Legible, Contemporaneous,
Original, Accurate data, together with the extra "+" components of Complete, Consistent,

Enduring, and Available.®

Improved Data Integrity and Traceability: One of the best things about e-BMR and e-BPR
systems is that they make data more secure and easier to find. These platforms automatically
keep audit trails that record every change, addition, or deletion, along with information like
the user's name, the time, and the reason for the change ?’. Real time data capture makes sure
that records are current and original, which lowers the chance of losing, changing, or
backdating data. Also, the digital format makes it easy and quick to find records during audits
or investigations, which increases transparency, accountability, and overall compliance with
regulatory requirements.?®

Faster Batch Release and Real Time QA: Digital records are available instantly, so QA
teams can review and approve batches in real time, which cuts down on delays caused by
passing around physical documents. Automated notifications and simpler workflows speed
up the review process even more, which means that batches are released much faster. Also,
quickly finding and fixing problems helps get things back on track quickly, which keeps

production running smoothly and minimizes disruption.[*!

Sustainability (Paperless Systems): An organization's environmental impact is greatly
decreased when paper records are replaced with digital documentation. Businesses can better
align with sustainability goals and corporate social responsibility initiatives if they rely less
on physical storage and paper waste. Digital systems also make it easier to collaborate and
work remotely, which further reduces resource usage and encourages greener operational

procedures.”
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DIGITAL DOCUMENTATION TOOLS IN PHARMA INDUSTRIES

Werum PAS-X MES: Werum PAS-X is a Manufacturing Execution System developed
specifically for the pharmaceutical and biotech sectors. It facilitates end to end digitization of
production processes, including electronic Batch Manufacturing Records (e-BMR) and
electronic Batch Packaging Records (e-BPR). The system is widely adopted by global
pharmaceutical companies and is designed to meet the stringent requirements of regulated

manufacturing environments.

The system enables real time data collection and monitoring during batch production,
reducing the reliance on paper based records. It provides review by exception functionality,
which allows for faster batch release by highlighting only the deviations or critical
checkpoints that need quality assurance attention. PAS-X also comes with preconfigured
templates and workflows, reducing the burden of custom software validation during

implementation.

By enabling comprehensive digital documentation, Werum PAS-X enhances operational
efficiency, reduces batch documentation errors, supports real time decision making, and helps
achieve faster product release. It stands out as a robust solution in Pharma 4.0 digital

transformation initiatives.*!

Honeywell Forge: Honeywell Forge is recognized as a Leader in the Magic Quadrant for
manufacturing execution systems, with a primary focus on continuous process and batch
manufacturing. It used for process automation and electronic records in pharmaceutical
manufacturing. The Pharma Suite is specifically tailored for cGMP environments. It also
serves key industries like oil and gas, chemicals, and pulp and paper. The platform has been
rebranded and realigned to unify Honeywell’s manufacturing software, supported by strategic
partnerships and acquisitions, including Sparta Systems and Aizon, to expand into life

sciences.

Honeywell Forge stands out for its industry expertise, particularly in the oil and chemical
sectors. It offers a flexible architecture, intuitive user interface, and strong analytics
capabilities. However, some customers have reported performance issues with the legacy
Honeywell Connected Plant MES and noted that the transition to the Forge suite is still

ongoing. Support concerns and rising service costs have also been reported in the pulp and
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paper segment. Despite these challenges, Honeywell’s continued investment and

modernization efforts strengthen its market position.?

Moderna’s Al Integrated e-BMR for mRNA manufacturing: To facilitate its worldwide
mRNA vaccine production, Moderna launched an Al integrated electronic Batch
Manufacturing Record (e-BMR) system. Predictive analytics is used by this advance digital
platforms to proactively detect possible deviations and instantly improve manufacturing
procedures. Features that automate compliance reporting make it easier to submit information
to regulatory agencies like the FDA and EMA, ensuring quicker and more precise approvals.
Furthermore, the cloud-based architecture of the system promotes international cooperation
and allows for smooth technology transfer between Moderna's foreign locations. Moderna's
e-BMR initiative, which combines Al with digital documentation, is a prime example of the
upcoming generation of intelligent, scalable, and compliant biopharmaceutical manufacturing

systems.*?!

CHALLENGES IN ADAPTATION

Legacy systems and infrastructure: Many pharmaceutical businesses use outdated MES,
LIMS, or ERP platforms, which might make it difficult for them to integrate with
contemporary e-BMR/e-BPR systems. In order to guarantee smooth data flow and process
continuity, integrating various systems might be technically challenging and demand for
specialized middleware, data migration plans, and substantial IT resources.*”

Need for System Validation and Audit Readiness: For e-BMR/e-BPR systems to meet
regulatory requirements like 21 CFR Part 11 and EU Annex 11, they must go through a
thorough validation process. This is a resource intensive procedure that needs constant
upgrades, thorough documentation, and testing to stay audit ready. It is an ongoing task to

make sure the system is always in compliance with evolving regulations.®®

Resistance to change and organizational culture: Digital transformation in pharmaceutical
companies often brings significant changes to processes and roles, which can lead to
resistance from employees. Challenges such as lack of awareness, limited trust in new
systems, and rigid organizational cultures can hinder adoption. To ensure successful
implementation, companies must foster a culture of innovation, provide clear communication,

and actively involve employees through training and support. Effective leadership and
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structured change management are key to building trust and driving acceptance of digital

initiatives.®

High Initial Investment: When switching to digital documents, significant upfront
expenditures are needed for infrastructure modifications, software licenses, hardware, and
thorough employee training. Even while these expenses are usually justified by long term
savings and improvements in compliance, many businesses, particularly smaller ones, may
find them prohibitive.”

REGULATORY FRAMEWORK FOR DIGITAL DOCUMENTATION IN
PHARMACEUTICAL QA

21 CFR Part 11-(US FDA): This FDA regulation outlines the conditions under which
electronic records and signatures are considered as valid as their paper counterparts in
regulated industries. It requires systems to be properly validated for consistent and accurate
performance, maintain secure audit trails tracking user actions and timestamps, and enforce
electronic signatures that are uniquely assigned and traceable. Additionally, strict access
controls and routine system checks are mandated to protect data integrity and prevent

unauthorized access.[*®!

EU Annex 11-Europe: Annex 11 outlines the expectations for computerized systems used in
GMP regulated processes across Europe. It emphasizes a risk based approach throughout the
system’s lifecycle, including planning, validation, and decommissioning. Key requirements
include validated performance based on risk assessments, secure data handling with audit
trails and electronic signatures, defined user roles and responsibilities, and formal agreements
with suppliers. Regular reviews and updates of validation records help ensure ongoing system
integrity and compliance.%47

Schedule M—-India’s GMP Framework: Schedule M under the Drugs and Cosmetics Rules,
1945, defines GMP standards for pharmaceutical manufacturing in India. While focusing
mainly on facility design, equipment, and operational procedures, it also stresses the
importance of thorough documentation across all quality and production activities. The use of
electronic systems is allowed, provided they maintain data integrity, security, and
auditability. For companies targeting global markets, alignment with international guidelines
like 21 CFR Part 11 and EU Annex 11 is encouraged.[**"*4
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FUTURE PERSPECTIVES OF DIGITAL DOCUMENTATION IN
PHARMACEUTICALS

Al Based Document Review and Trend Detection: Artificial Intelligence (Al) and
Machine Learning (ML) are reshaping batch record review and quality oversight. These
technologies can identify anomalies, uncover patterns in deviations, and predict compliance
issues before they occur. By enabling real time trend analysis, they support proactive quality

assurance, continuous improvement, and faster root cause identification.[*!

Blockchain for Tamper-Proof Batch Records: Blockchain introduces a decentralized,
tamper-proof system for managing batch records and audit trails. Each transaction or update
is securely timestamped and cryptographically signed, ensuring transparency and data
integrity. This technology is especially beneficial in contract manufacturing, supply chain

traceability, and regulatory inspections where trust and verification are critical.*®!

Pharma 4.0 and Smart Manufacturing Integration: Pharma 4.0 marks the shift toward
fully connected, data driven pharmaceutical manufacturing by integrating technologies like
IoT, Al, robotics, and advanced analytics. e-BMR/e-BPR systems are evolving to interact
with smart sensors, automated machinery, and enterprise platforms (MES/ERP), enabling real
time control, predictive maintenance, and adaptive manufacturing. This digital convergence
enhances quality, efficiency, and operational agility."!

0T based real time monitoring and predictive maintenance: The Internet of Things (IoT)
connects devices and sensors across pharmaceutical manufacturing and logistics to enable
real-time monitoring of critical parameters like temperature, humidity, and pressure. This
data, when combined with Al and advanced analytics, provides actionable insights into
equipment health and process efficiency. As a result, companies can implement predictive
maintenance, reduce downtime, minimize manual errors, and ensure consistent regulatory

compliance—all key drivers of digital transformation in pharma.[***"

CONCLUSION

Pharmaceutical quality assurance has undergone an enormous transformation with the
adoption of electronic Batch Manufacturing Records (e-BMR) and electronic Batch
Packaging Records (e-BPR), which replace conventional paper based systems with digital
documentation. This evolution greatly improves operational efficiency, data integrity, and

traceability while strengthening compliance with international regulatory frameworks like
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FDA 21 CFR Part 11, EU Annex 11, and Schedule M. Digital platforms are increasingly
incorporating advanced technologies such as blockchain, 10T, and Al, which allow for
tamper-proof audit trails, real time monitoring, and predictive quality control. The long term
advantages, which include quicker batch releases, fewer human errors, increased
sustainability, and improved global competitiveness, outweigh the initial implementation's
challenges such as high costs, system validation, and resistance to change. Going forward,
digital documentation will be essential to accomplishing Pharma 4.0 goals, promoting
intelligent manufacturing, and ensuring the safe, effective, and scalable distribution of high-

quality medications in a challenging regulatory and commercial landscape.

ABBREVIATIONS

Al — Atrtificial Intelligence

ALCOA+ - Attributable, Legible, Contemporaneous, Original, Accurate, Complete,
Consistent, Enduring, Available

BMR — Batch Manufacturing Record

BPR — Batch Packaging Record

cGMP — Current Good Manufacturing Practices
CTD — Common Technical Document

DMF — Drug Master File

e-BMR — Electronic Batch Manufacturing Record
e-BPR — Electronic Batch Packaging Record
EMA — European Medicines Agency

ERP — Enterprise Resource Planning

EU — European Union

FDA — Food and Drug Administration

GMP — Good Manufacturing Practice

loT — Internet of Things

LIMS — Laboratory Information Management System
MES — Manufacturing Execution System

ML — Machine Learning

MFR — Master Formula Record

QMS — Quality Management System

QA — Quality Assurance

SOP — Standard Operating Procedure
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WHO — World Health Organization
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