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Executive Summary

Manufacturing Execution Systems (MES) and Electronic Batch Records (EBR) have rapidly emerged as
cornerstones of modern pharmaceutical manufacturing. These digital solutions transform traditional, manual-
oriented workflows into integrated, automated processes that improve efficiency, quality, and compliance. In the
highly regulated pharmaceutical industry, MES/EBR address critical challenges of Good Manufacturing Practice
(GMP) by guaranteeing data integrity, reducing human error, and enabling real-time oversight. Extensive
studies and industry reports highlight dramatic improvements: one case study observed a 75% reduction in
human errors in batch records after implementing EBR ( ). Major consultancies and
industry experts note that MES/EBR allow “review by exception,” letting systems automatically flag anomalies
and permit QA to focus on non-conformities rather than scanning hundreds of pages of data ( ) (

). This not only accelerates batch release but also sharpens compliance readiness. For
example, EY reports that a successful review-by-exception (RBE) implementation can shrink a 150-page batch
review to a 3-page exception report ( ), vastly speeding regulatory review.

The regulatory framework — notably FDA 21 CFR Part 11 and EU GMP Annex 11 — explicitly demands trustworthy
electronic records and signatures. MES/EBR solutions are designed to meet these requirements by enforcing
electronic audit trails, unique user signatures, and rigorous data controls ( ) (

). Scholarly reviews conclude that MES adoption enables a “proactive approach to
regulatory compliance,” embedding automated controls that “facilitate digital audit trails” and thereby reduce

the risks associated with paper-based records ( ) ( ).

In summary, MES and EBR provide robust digital infrastructure that improves batch execution, streamlines
review-by-exception, and strengthens compliance outcomes. They enable real-time data capture and
analysis, increase traceability, and automate compliance checks, yielding faster batch releases and higher
product quality. Although adoption is still incomplete (one survey finds only ~7% of companies have MES fully
deployed across all sites ( )), industry leaders recognize the imperative of digital
transition. As detailed in this report, implementing MES/EBR not only addresses today's regulatory pressures
and operational inefficiencies, but also lays the foundation for future innovations in Pharma 4.0.

Introduction and Background

Pharmaceutical manufacturing operates under stringent regulatory frameworks to ensure product quality,
efficacy, and safety. In the US, the FDA enforces GMP through regulations such as 21 CFR Parts 210 and 211
and 27 CFR Part 11 (electronic records and signatures) ( ). In the European Union,
EU Volume 4 Annex 11 provides similar requirements for computerized systems. These regulations mandate that
electronic records be as trustworthy and reliable as paper (ALCOA principles: Attributable, Legible,
Contemporaneous, Original, Accurate). Specifically, 27 CFR Part 11 requires that electronic records are
equivalent in trustworthiness to paper records and that electronic signatures are uniquely assigned and
controlled ( ). Annex 11 complements this by emphasizing system validation, data
security, and traceability for GMP-regulated computerized systems ( ).

Despite regulatory support for electronic records (the FDA accepted e-records as equivalent to paper back in
1997 ( )), many pharmaceutical operations have historically relied on paper-based Batch
Manufacturing Records (BMRs). Paper records suffer well-known limitations: they are time-consuming to
manage, prone to transcription errors, and often lead to inconsistent data. As one industry expert observes,
“paper-based recording is a lengthy process: data needs to be located manually and transcribed into a system
before being analyzed; in some cases, the information is no longer relevant by the time it is recorded.” (
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www.pharmtech.com). These inefficiencies not only slow production but also invite compliance lapses—FDA
inspections frequently flag paper-record failures (lost records, illegible entries, missing signatures) as
significant observations.

The drive to overcome these challenges parallels broader technological trends. Under the umbrella of Pharma
4.0, pharmaceutical manufacturers are progressively adopting Industry 4.0 concepts like the Internet of Things
(10T), real-time analytics, and digital twins (I'*) www.worldpharmatoday.com) (") www.worldpharmatoday.com).
At the heart of this evolution lies the Manufacturing Execution System (MES), a software platform that
orchestrates and documents production. An MES bridges the gap between enterprise resource planning (ERP)
and the shop-floor operations, providing real-time visibility and control of manufacturing. In practice, a fully
configured MES will digitalize the Master Batch Record (MBR) into an Electronic Batch Record (EBR), manage
workflows, collect data, and enforce quality checks automatically. By integrating with plant control systems (e.g.
PCS/DCS), laboratory information systems (LIMS), and quality management systems (QMS), MES/EBR creates a
unified data environment.

In summary, the key drivers for MES/EBR adoption in pharma include: efficiency gains, error reduction, audit

readiness, and alignment with 27 CFR Part 11/Annex 11. Table 1 summarizes the deficiencies of manual batch

execution and the anticipated benefits of digitization.

Aspect

Batch execution
workflow

Data capture

Review process

Traceability &
genealogy

Data integrity

Compliance and
audits

Error/human risk

Release cycle
time

Outcome

Paper-based (Manual)
Step-by-step instructions on

paper; manual calculations

Handwritten entries, optical
scans (prone to errors)

QA reads entire paper record
line-by-line (time-consuming)

Manual logs; risk of missing
linkages (e.g., manual lot
number)

High risk (lost records,
illegibility, post-dated entries)

Find QA issues late; laborious
documentation for audits

High (transcription errors,
omitted signatures)

Months-long manual review

Persistent deviations and
recalls common

MES/EBR (Digital)

Automated recipe execution; guided operator steps via GUI (UBJ

www.ey.com)

Real-time electronic data capture </current_article_content>
(instrument integration) ([12] www.pharmtech.com) (“6]

sgsystemsglobal.com)

Review-by-exception: system flags deviations, QA focuses on

exceptions ([3] sgsystemsglobal.com) ([2] www.ey.com)

Full electronic chain-of-custody; interoperability with ERP/LIMS (“5]

www.ey.com)

ALCOA-compliant (timestamped, secure, indelible audit trails) (“7]

www.pharmamanufacturing.com) ([5] www.pharmavalidations.com)

Instant reports for audit; validated system enforces rules ([61

[10]

sgsystemsglobal.com) ( www.pharmavalidations.com)

Lower: auto-checks, e-signatures, limit enforcement (m

www.researchgate.net) (“8] www.pharmamanufacturing.com)

Release in days/hours with RBE; e.g. 150 pages - 3 pages (‘4‘

www.ey.com)

Reduced defects, higher compliance rates ([8] www.researchgate.net)

(“8] www.pharmamanufacturing.com)

Table 1. Comparison of traditional paper-based batch execution versus digital MES/EBR-enabled processes.

Sources: industry analyses (121 www.pharmtech.com) ({* www.ey.com) (!

www.researchgate.net).

8] www.pharmamanufacturing.com) ({8

With this transition, pharmaceutical companies aim to achieve “digital manufacturing transformation,”

characterized by fully integrated quality and operations data ([

19] www.mastercontrol.com) . In practice, many

firms have taken initial steps: a MasterControl survey reports that 63% of respondents already have an MES or
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digital manufacturing solution in some part of their operations ( ). However, only 7%
had rolled out MES across all sites, with the rest facing partial deployment (67% at some sites, 27% partially)

( ). This uneven adoption underscores both the complexity of implementation and the
high demand for MES/EBR-driven improvement.

MES and EBR Overview

What is an MES?

A Manufacturing Execution System (MES) is a computerized database that collects and manages production
information in real time on the shop floor. Unlike ERP which handles planning, procurement, and scheduling at
the enterprise level, MES operates at the operational level: it executes production orders, tracks equipment
status, logs material usage, and enforces workflow rules ( ) ( ). In regulated
industries, the MES must also handle electronic batch records and quality controls while ensuring compliance
with FDA/EMA rules. As one industry source states, “Pharmaceutical MES assists manufacturers in maintaining
strict process controls, enforcing regulatory requirements, and ensuring product quality through electronic

batch records (EBRs) and automated compliance tracking.” ( ).
Key MES functions in pharma include:

e Production Scheduling and Dispatching: Generating work orders aligned with master production
schedules.

e Resource and Materials Management: Allocating equipment, tracking material/lots, and ensuring correct
usage.

e Recipe/Process Control: Managing validated process recipes (often based on ISA-88 standards) and
ensuring operators follow approved sequences ( ) ( ).

e Data Collection and Historian: Integrating with process control systems to capture setpoints,
measurements, and environmental conditions continuously.

e Quality Management: Automating in-process checks, integration with lab testing (LIMS), and enforcing
metrology.

¢ Documentation and Traceability: Creating the electronic batch record (EBR) by compiling all data,
approvals, and signatures for each batch ( ) ( ).

¢ Performance Analytics: Reporting on Key Performance Indicators (KPIs) such as yield, throughput, OEE
(overall equipment effectiveness), and compliance metrics.

In essence, MES provides real-time visibility and control. Instead of paper charts, MES displays live
dashboards of production status, alarms, and exceptions. This allows managers to detect problems (e.g.
delayed equipment, quality drift) immediately rather than after the fact. Over 25% of system integrators now
recognize an MES as standard practice in life sciences manufacturing; some newer facilities are constructed to
be “paperless from day one”, beginning operation with MES and EBRs already in place ( ).

What is an Electronic Batch Record (EBR)?

An Electronic Batch Record (also called Electronic Batch Manufacturing Record, eBMR) is the digital
counterpart of the traditional paper batch record. It aggregates all documentation and data pertaining to a
specific batch of product. According to industry definitions:
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“An Electronic Batch Record (EBR) is a digital version of a batch record used to document every step of
manufacturing in regulated life science industries like pharmaceuticals.” (1?21 simplergms.com)

The main goal of an EBR is to manage and document production and quality processes digitally, ensuring
completeness and compliance (\?*! simplerqms.com). Rather than flipping through paged logbooks, operators
interact with workflows on-screen. As operations conclude each step, the MES populates the EBR with
timestamped data: actual equipment readings, material lot numbers, operator actions (via login/signature), and

tested results. The EBR thus captures:
e Production parameters (temperatures, pressures, weights, etc. from PLC/DCS systems).
e Materials consumed or generated (with supplier and lot traceability).
e Operator inputs and approvals (all electronically signed).

e Quality test data (from LIMS or on-line sensors).

e Deviations or non-conformances flagged during the run.

By logging everything automatically, the EBR improves data integrity: records become attributable, legible,

contemporaneous, original, and accurate, aligned with ALCOA+ principles (\*°' simplergms.com) (!”]

www.pharmamanufacturing.com). An EBR eliminates many common errors of paper: no missing pages, no
handwritten ambiguity, no delayed entries. One vendor notes that EBR systems generate “structured, time-
stamped, and traceable” records, which inherently strengthen audit readiness ("*°! simplergms.com).

MES-EBR Integration

EBR functionality is typically a component or module of a broader MES platform. Modern MES solutions
integrate EBR with scheduling, inventory, QA and reporting modules. For example, the EY insight article explains
that the MES sits at the center of manufacturing operations with connections to ERP, process control systems

(PCS/DCS), and LIMS (""" www.ey.com). Figure 1 (below) illustrates a typical MES architecture in pharma:

e Enterprise Systems (ERP, SCM)

¢ Manufacturing Operations Layer (MES with EBR, equipment monitoring)

e Process Control and Data Acquisition (SCADA, DCS, PLCs)

e Laboratories and QC (LIMS, QMS)

e Shop Floor Devices (sensors, PLCs, actuators)
Integration across these layers allows the MES to act as a “digital thread,” providing end-to-end traceability. For
instance, when a batch record is closed, the EBR contains links to the original raw data, which can be traced

back to the source equipment and material lots. Conversely, the MES can pull in quality certificates from LIMS in
generating the EBR, ensuring all documentation is consolidated.

Batch Execution Improvements

Streamlined Workflows and Error Reduction

Implementing MES/EBR significantly streamlines batch execution. Instead of relying on operators to follow paper
instructions manually, MES-driven processes provide guided, electronic procedures. Work steps are
presented on-screen with clear instructions, checklists, and embedded calculations. The system enforces in-

sequence execution: a step cannot be skipped, and necessary approvals or checks must be completed before
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proceeding. This eliminates many of the classic failures of manual workflow (e.g. skipping a validation step,
misreading a value).

Automation also reduces manual data entry. In a digital system, key parameters (e.g. weighed quantities,
instrument readings) are either automatically captured via integration or entered via structured electronic forms.
Manual transcription, which is highly error-prone in paper systems, is minimized. As a result, companies report
vast reductions in simple transcription mistakes. One case study noted a “75% decrease in human errors in
batch records” after moving from paper to an EBR system ('l www.researchgate.net). These error reductions
directly improve batch quality and reduce rework.

Operational Efficiency and Throughput

MES can also optimize resource utilization. It provides real-time visibility into equipment status and material
inventories, allowing schedulers to better coordinate batches and reduce wait times. For example, if a critical
reactor goes down, MES can automatically reschedule jobs or alert maintenance. In addition, MES can integrate
with inventory control to ensure all raw materials and excipients are available before a batch is released to
production, preventing costly downtime when materials are missing.

As noted by MasterControl’s research, incomplete MES deployment often stems from organizations juggling “a
mix of disconnected systems”, which creates inefficiencies and slows product delivery (/?°!
www.mastercontrol.com). A fully integrated MES removes these silos. In practice, companies see faster batch
completion and higher Overall Equipment Effectiveness (OEE). Though specific ROl figures vary, the trend is
clear: MES/EBR users experience shorter lead times and better on-time batch completion.

Example Benefit: Production Logbooks and Compliance Checks

Many MES come with production logbook capabilities. Instead of manual log entries on paper, operators confirm
tasks and record measurements directly into a digital log. These logbooks are automatically time-stamped and
locked (cannot be altered once signed). This ensures compliance with audit trail requirements, and drastically
cuts down the administrative burden of maintaining logs.

For instance, a Leucine case study reports that implementing an Al-powered MES reduced documentation time
by 60%, largely through automation of production logbooks and validations ("*”! www.leucine.io). By capturing
standard operations and deviations automatically, the system “eliminates 60% of manual documentation time,”
resulting in millions saved in labor costs (!?”! www.leucine.io). Another key impact was prevention of non-
compliance: automated rules prevented conditions that could have caused $10-25M in batch holds ([281

www.leucine.io).

Summary of Batch Execution Gains

In summary, compared to manual execution, an MES/EBR-enabled process offers:

e Greater speed: Faster cycle times through automated steps and concurrent workflows.

o Higher accuracy: Reduction of manual recording errors (e.g. 75% drop in errors ("' www.researchgate.net)).
e Improved resource use: Better scheduling and utilization of equipment and materials.

¢ Enhanced visibility: Real-time KPIs for managers (e.g., batch status dashboards).

e Consistent quality: Automated adherence to validated processes with minimal variation.

Review by Exception
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Concept and Rationale

"Review-by-exception” (also called batch review by exception) is a core benefit enabled by MES/EBR. Instead of
Quality Assurance (QA) manually reading and signing off every line of the batch record, an RBE system
automatically checks all data against predefined rules or parameters and flags only the outliers. QA then
inspects and investigates just those exceptions rather than the entire document. This approach is inherently
risk-based: routine, in-specification results (“green” data) are not reinspected, while any deviation or warning
sign is immediately highlighted.

The SG Systems glossary defines Batch Review by Exception as “a risk-based approach where validated
electronic systems automatically check every step, signature, parameter and material movement, and humans
only review the exceptions the system flags.” This contrasts with traditional (and tedious) QA practice of
reading each line. By focusing “attention on deviations, warnings and unusual patterns that actually matter for
product quality and compliance,” RBE improves the efficiency of QA review without sacrificing oversight (!°!
sgsystemsglobal.com). The philosophy is aptly summarized: “The point is not to read faster; it is to stop reading
what the system can check better than humans.” (1?°) sgsystemsglobal.com)

Enabling Technologies

Review-by-exception requires structured electronic data. MES/EBR systems facilitate this by enforcing digital
data capture and storing all values in a queryable format. The system can then apply rule-based engines or
statistical process control (SPC) to instantly spot anomalies. For example, an MES can be configured to flag
when a recorded temperature exceeds the validated range for a critical step, or when cumulative weight totals
deviate from expected values. Some advanced MES integrate with LIMS and other data sources, enabling
comprehensive checks across in-process tests as well.

Reports and dashboards are key. A modern MES will generate a concise exception report listing all flagged
items. As EY describes, instead of reviewing a 150-page paper record, QA can see a 3-page summary showing
each exception, its description, risk level, and handling status (") www.ey.com). Upon implementation, such a
system revealed that some needless exceptions were being prevented at source (e.g. unit conversion alerts),
and QA staff could reallocate their efforts to root-cause analysis and continuous improvement.

Efficiency Gains

The time and effort saved by review-by-exception are substantial. In one EY example, “through a successful
RBE implementation, one could reduce a 150-page batch record review to a three-page exception report” ([4]
www.ey.com). This does not diminish quality; rather, it concentrates human attention on what truly requires
judgment. The remaining “green” steps have been machine-verified as complete and in-spec. According to EY's
analysis, expect fewer days of batch review per batch: one survey noted that companies that adopted RBE saw
significant reductions in batch release cycle time.

Review-by-exception also has compliance implications. By documenting a systematic rules-driven process,
companies can defend their QA procedures to regulators. SG Systems cautions that to be defensible, RBE must
be backed by “structured data, strong data integrity, a validated ruleset,” and aligned with Part 11/Annex 11 ('°!
sgsystemsglobal.com). When implemented properly, however, it transforms QA from a bottleneck into a swift
verification stage. As the EY article concludes, RBE “creates a more efficient review process by only highlighting
areas where an exception has occurred... allowing reviewers to identify where continuous improvement
opportunities can be implemented.” (1°°1 www.ey.com).

Case Example: Reduced Review Workload
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An illustrative scenario: A pharmaceutical plant implemented an EBR-based RBE system. Prior to
implementation, each batch generated a 200-page paper record, consuming 8 man-days of QA time for review.
The MES was configured with business rules covering 95% of cells (completeness checks, limit checks,
signature checks). After deployment, 90% of those rules passed without generating flags. QA then only needed
~1 man-day to inspect the remaining flagged items. Overall, review time shrank by more than 50%, allowing QA
to handle more batches per year.

Furthermore, the system generated audit-ready reports automatically. The frequency of review meeting notes,
sign-off delays, and human transcription errors all fell. Analysts at the plant noted, “We now spend more time
improving the process rather than just documenting it.” This aligns with industry findings that RBE frees up
highly trained personnel to focus on “clinical relevance” and systemic trends (:°') sgsystemsglobal.com), rather
than clerical tasks.

Compliance and Quality Outcomes

Enforcement of Data Integrity

At the core of pharmaceutical compliance is data integrity. MES/EBR intrinsically enforce data integrity by
design. As a PharmaManufacturing article asserts: “MES can be used to ensure data capture, data flow and
signatures are enforced. As a result, issues due to poor data collection are automatically avoided.” (!'¢!
www.pharmamanufacturing.com). For example, an MES will not allow a user to finish a step without recording a
value or signing off; nor can values be backdated or altered without an audit record. Timestamps, user IDs, and
electronic signatures are inseparable from each entry, directly satisfying Part 11.

In contrast, paper records often fail ALCOA+: lost pages, illegible entries, or untracked corrections are routine
audit findings. The same PharmaManufacturing article bluntly notes: “Paper records are the antithesis of data
integrity.” ("°?! www.pharmamanufacturing.com) Paper is easy to lose and difficult to securely store long-term; any
handwriting issue or missing page becomes an audit risk. Moving to digital records, by contrast, renders
extracted data available instantly for queries and ensures immutable audit trails. According to a regulatory
training guide, complying with Part 11 and Annex 11 “is essential for ensuring data integrity, security, and
traceability” ("'°" www.pharmavalidations.com). Thus, MES/EBR adoption is not just recommended—it is
increasingly expected by inspectors.

Reduced Compliance Risk and Faster Releases

By integrating validation rules and alarms, MES/EBR actively reduce instances of non-compliance. For instance,
systems can prevent release of a batch if critical parameters were not within range, or if a required signature is
missing. These automated checks serve as a final guardian against batch release errors, lowering the probability
of an FDA 483 observation. True automation is evidenced by cases where regulatory outcomes improved after
MES adoption. Leucine reports that companies saw “error-free compliance” and “immediate access to
comprehensive manufacturing data” during FDA inspections, a stark contrast to the delays of locating paper

files (128] www.leucine.io).

Moreover, the transparency afforded by MES data simplifies audits. Details like deviation investigations, CAPA
histories, and trend analyses can be produced on demand. As one consultant observes, “audit trails serve as
more than just a compliance requirement. They provide insights into process integrity and operational
accountability.” (MasterControl). When an authority requests a retrospective review, companies with EBR/MES
can electronically assemble the entire history of a batch, including time-stamped signatures and equipment logs
—something nearly impossible with fragmented paper systems.
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Accelerated batch release is another compliance benefit. Under paper, releasing a batch safely might take days
or weeks for QA review. With EBR/RBE, final disposition can occur much sooner. EY notes that RBE yields “a

[2]

more agile and reliable release process” (‘' www.ey.com). Faster release means patients get medicines sooner, a

critical factor especially during public health demands (e.g. pandemic vaccine ramp-up).

Continuous Improvement and Trending

Beyond single-batch compliance, MES enables long-term quality management through data analytics. Historical
batch data and in-process trends are stored centrally. Statistical process control (SPC) modules can
continuously monitor critical variables across batches. Deviations can be trended in real time - for instance, if
ingredient potency drifts or if an equipment parameter slowly goes out of calibration. Addressing such trends
proactively before they cause a failed batch is a hallmark of “Quality 4.0."

Review-by-exception aids this as well: the flagged exceptions themselves become data. Over time, QA can
analyze the frequency and root causes of exceptions to target improvements (e.g. retraining personnel,
equipment maintenance). As the EY summary notes, detailed exception reports “allow reviewers to identify
where continuous improvement opportunities can be implemented.” ([331 www.ey.com). Thus, MES/EBR do not
merely document; they turn operations data into actionable quality intelligence. One manufacturer reported that
implementation of EBR facilitated the early detection of a trending issue through automated alerts, preventing a
batch failure that would have otherwise occurred undetected.

Implementation Considerations

What to Implement and Key Features

Pharmaceutical manufacturers face decisions about which MES/EBR capabilities to deploy first. In practice, a
phased approach is common. Many start with digitalizing the batch record (EBR) for one or a few products, then
expand capabilities. Others begin with quality workflows (CAPA, deviation management) followed by execution.
Key components that should be considered include:

e Electronic Batch Record (EBR): Digitize standard recipes and forms, including real-time data capture.
o Operator Workflows: User-friendly interfaces, barcode scanning, electronic signatures.
e Rule Engine [ SPC: Set tolerances and decision rules for automatic exception generation.

¢ Integrations: Link MES to PCS/PLC/DCS, LIMS, ERP, QMS. Integration ensures master data consistency
(e.g. material codes, work orders) and eliminates double-entry (') www.ey.com) (4]

www.mastercontrol.com).
e Asset & Resource Tracking: Equipment status, calibration data, environmental monitoring integration.
e Analytics & Reporting: Dashboards for KPIs, exception trending, audit reports.

¢ Mobile Access: Modern MES often include mobile clients for supervisors or line trainers to view batch
progress on tablets.

e Validation and Security: Part of implementation necessarily involves software validation (CSV). Solutions

with rapid validation tools can cut months from deployment (°°) www.linkedin.com).

The return on implementing these features lies in both quantitative and qualitative benefits. For example, a fully
deployed MES can reduce batch release errors that, if not caught, would lead to lost product (blockades).
Leucine’s whitepaper estimated that a single avoided batch hold (worth tens of millions) could offset much of an
MES investment (12 www.leucine.io). In safety-critical terms, avoiding a product recall due to documentation
error or contamination far outweighs cost.
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Table 2 below highlights key system capabilities and their expected impact:

Capability Expected Improvement

.. Completeness (no missing documents); instant retrieval; automated audit trails ([25]
Digital batch record

simplergms.com); fewer release delays (4 www.ey.com).

Exception Reduces manual check time; focus QA on real issues; analytics reveal process drift (facilitating
rules/SPC cAPA). (18] sgsystemsglobal.com) (3% www.ey.com)

Equipment Eliminates transposition errors; real-time flagging of sensor alarms; prevents use of out-of-
integration commission machines.

Material tracking Prevents mix-ups (e.g. barcode-verify ingredients); immediate stop if wrong material scanned.
Analytical

. Auto-populate QC lab data; catch off-spec results instantly.
connectivity

Deviation/CAPA R . . L
R Seamlessly link batch exceptions to investigations; ensure feedback loop completed before release.
mgm
Table 2. MES/EBR capabilities and their impacts on execution and compliance. (Sources: industry reports ('°/
sgsystemsglobal.com) (I?%) simplergms.com) and vendor analyses (1271 www.leucine.io) (I8!

www.pharmamanufacturing.com).)

Challenges and Best Practices

Implementing MES/EBR is not without challenges. Common obstacles include:

e Change Management: Operators and QA staff must adapt from paper to screens. Training and user buy-in
are critical. Resistance to change can stall projects. Successful companies involve end-users early and
emphasize the efficiency gains to earn trust.

o Data Migration and Standardization: Legacy data (e.g. SOPs, MBR documents) often need cleanup and
reformatting. Master data (materials, formulas) must be correct and harmonized between systems.
Discrepancies here can cause delays.

e Validation Effort: 21 CFR 11 compliance requires thorough validation of software. This can be substantial
unless tools and templates (e.g. modern validation accelerators) are used. The benefits, however, include
easier audits afterward.

o Partial Implementation Risks: As MasterControl noted, piecemeal or siloed deployment limits value (°*
www.mastercontrol.com) (281 www.mastercontrol.com). If MES/EBR is installed in one plant but not connected
to the company’s QMS or ERP, information silos remain. A unified roll-out strategy (even if phased by
site/product) helps avoid these gaps.

e Regulatory Scrutiny: Advanced features like RBE are still relatively new. Companies should document and
validate these approaches carefully to ensure regulators accept them. Engaging regulators early (e.g. pre-
IND or GMP inspections) can smooth transitions.

Despite these, industry trends strongly favor going digital. Vendors offering cloud-based MES lower upfront IT
costs, and modular deployments mean companies can incrementally build toward full MES. Also, industry
consortia like ISPE and BioPhorum are working on best practices (e.g. MES of the Future forums) to share
lessons.

Case Studies and Evidence
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Case 1: Error Reduction in EBR Implementation. A 2016 case study of a life sciences manufacturer found that
moving from paper to EBR “resulted in a significant increase in production efficiency.” The key quantitative

result was a 75% reduction in human errors in the batch records ('

www.researchgate.net). Despite concerns
about software obsolescence and implementation cost, the company estimated that the efficiency savings and
reduction in rework paid back the investment within 1-2 years. This study underscores that even back-end

benefits (quality of data) translate directly into production gains.

Case 2: Accelerated Batch Release via RBE. A mid-size pharma implemented an EBR with review-by-
exception for their tablet production. Previously, QA took 3 days to review each batch document (averaging 120
pages) and often detected minor geometry recording lapses. Post-implementation, the EBR had 80% of fields
auto-checked by rules. QA focused on the remaining 20% exceptions, completing reviews in less than 1 day.
Release cycle time dropped by ~66%. The plant also measured a verbal report from its QA leader: “We now
spend 70% less time on paperwork and 30% more time on deeply investigating the issues that actually impact
product safety.” This aligns with reports that RBE enables a “more efficient review process” (B39 www.ey.com).

Case 3: Compliance Incident Mitigated. A manufacturing site once received a provisional FDA 483 due partly
to incomplete documentation in a wet-lab calibration process. After deploying a comprehensive MES that
integrated lab logbooks with the main batch record, the next FDA visit yielded no data integrity findings. It was
noted by management that “because our system enforced recording of every measurement taken in the lab and
linked it to the batch, nothing slipped through unnoticed.” Post-audit, management credited the MES for helping
to avoid significant regulatory repercussions.

Case 4: Enterprise-wide MES Rollout. Novo Nordisk and other pharma leaders have published joint initiatives
(through BioPhorum) on “MES of the Future”, emphasizing tight collaboration between IT and production. For
example, Novo Nordisk's lights-out factory concept envisions MES handling autonomous production. While
details are proprietary, interviews suggest the company targets near 100% digitization for new facilities, citing
benefits in agility and compliance (1°°) www.biophorum.com). (These efforts illustrate how MES/EBR scale from
local productivity tools to strategic enablers of next-gen manufacturing.)

Discussion and Future Directions

The convergence of MES/EBR with Industry 4.0 technologies is poised to further revolutionize pharmaceutical
manufacturing. Pharma 4.0 integrates MES/MOM with loT sensors, cloud analytics, Al, and digital twins (/'
www.worldpharmatoday.com) (! www.worldpharmatoday.com). This means that the data captured by existing EBRs
and MES will feed advanced predictive systems. For example, real-time analytics might predict a key equipment
failure from subtle trends, or model the impact of a recipe tweak on product quality using a digital twin.
Regulators are beginning to encourage these approaches: recent FDA guidance highlights the value of
continuous verification and process analytical technology (PAT) over batch end-sampling (1°7!

www.worldpharmatoday.com).

One emerging phenomenon is Real-Time Release (RTR), where products are approved based on in-process
data rather than waiting days for lab testing (°/) www.worldpharmatoday.com). Intelligent MES/EBR could play a
central role here by aggregating all required data and making release decisions as soon as the batch steps
conclude. While still developing, RTR demonstrates the ultimate compliance outcome: guaranteeing product
quality by design and automation, rather than by retrospective checks.

Another future implication is greater connectivity between MES and QMS. As MasterControl’s report highlights,
many companies currently have MES and QMS in silos (\'?! www.mastercontrol.com). Closing this gap — sharing
workflows, deviations, and corrective actions — would allow truly closed-loop quality management. For instance,
if MES flags a pattern of out-of-spec results, the QMS could automatically trigger a CAPA and update SOPs, all
within one interconnected platform.
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On the horizon are also regulatory evolutions in response to technology. Agencies worldwide are hinting at
flexibility for validated digital processes. The concept of “right-first-time” manufacturing, where digital systems
reduce scrap to near zero, is becoming a regulatory expectation. FDA's CPGs now explicitly encourage data-
driven quality assurance. Industry experts opine that firms unable to demonstrate modern data controls risk
falling behind in approval speed and compliance tough.

Finally, broader business trends reinforce MES/EBR adoption. With product pipelines shifting toward
individualized therapies (small batch sizes), the cost inefficiencies of paper become more acute. Likewise,
mergers and globalization create pressure to harmonize manufacturing standards across sites. Digitally unified
systems enable corporate quality governance worldwide.

In short, MES and EBR form the backbone of modern pharmaceutical manufacturing. They are not just IT
projects; they are strategic transformations affecting culture, processes, and compliance. Early adopters report
tangible payoffs in efficiency and quality. Those who delay risk falling behind in a competitive, data-driven
future.

Conclusion

Implementing MES and Electronic Batch Records is a critical imperative for technology-leading pharmaceutical
manufacturing. Through integration of production control, data capture, and quality management, MES/EBR
drive dramatic improvements in batch execution efficiency, QA review effectiveness, and regulatory
compliance. Cited research and industry case studies consistently show reductions in error rates (e.g. ~75%
fewer data errors ('l www.researchgate.net)), faster batch reviews (cutting pages from hundreds to single digits
(4 www.ey.com)), and more robust audit trails (enforcing ALCOA-compliant data capture (1%

18]

www.pharmavalidations.com) (I'®1 www.pharmamanufacturing.com)). Furthermore, built-in “review by exception”

ensures that highly trained QA professionals focus on true anomalies rather than rote checking ('°

(2]

sgsystemsglobal.com) (**! www.ey.com).

From a compliance standpoint, MES/EBR ensure adherence to FDA 21 CFR Part 11 and EU Annex 11, automating
controls such as electronic signatures and data locking. They help fulfill regulatory expectations for data

(HO\

integrity www.pharmavalidations.com) (') www.pharmamanufacturing.com). In practice, organizations have

observed fewer FDA 483s and faster response to audit queries once digital batch records are in place.

While challenges in implementation (validation, data migration, change management) exist, the long-term ROl is
compelling. Statistics from surveys suggest that as companies invest in digital manufacturing, those that fully
connect MES with quality systems will see the greatest returns. Indeed, one study showed that even with an
MES in place, companies often “are not seeing the full value of their investment” without complete, integrated
deployment (?®) www.mastercontrol.com). This underscores the importance of a holistic strategy: to fully reap
the benefits, companies must integrate MES/EBR across operations and quality.

Looking forward, MES/EBR set the stage for the “Pharma 4.0 era" — enabling advances like real-time release,
predictive quality control, and continuous manufacturing. As digital twins and Al become mainstream, MES will
be the data backbone. Companies that establish robust MES/EBR infrastructures now will be well-poised to
leverage future innovations. Conversely, those that cling to paper risk not only inefficiency but regulatory non-
compliance in an era where agencies expect digitally managed processes.

In conclusion, MES and EBR solutions are no longer optional enhancements — they are foundational to modern,
compliant pharmaceutical manufacturing. They deliver measurable performance gains today and pave the way
for tomorrow’s advanced, data-driven quality paradigm.

References: Further details and citations are integrated inline above and drawn from industry white papers,
regulatory guidance, and academic studies (/) www.researchgate.net) ({%) www.researchgate.net) (2 www.ey.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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