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Executive Summary

Manufacturing deviations, corrective and preventive actions (CAPAs), and change control are core elements of
regulated quality management systems in pharmaceuticals, biotechnology, and medical device industries. This
report examines how deviations are identified on the shop floor, the downstream CAPA process and change
control mechanisms, with emphasis on real-world workflows and common inspection pitfalls. We analyze
regulatory requirements (e.g. FDA, EMA, ISO), industry best practices, and emerging trends. Key findings
include:

¢ Integrated Quality Systems: Regulations and guidelines (FDA 21 CFR 211.192, ISO 13485, ICH Q9/Q10)
mandate robust deviation investigation and CAPA programs (" www.law.cornell.edu) (www.pharmagmp.in).
Effective quality systems require linking deviations to CAPAs and change control, often via electronic QMS

2
3

platforms (%) www.pharmtech.com) (! www.pharmtech.com).

e Workflow from Shop Floor to Closure: Deviations are typically reported by production staff when a
process step deviates from specifications. An initial assessment is done by QA, followed by a detailed root-
cause investigation. Confirmed nonconformities trigger CAPA plans (corrective/preventive actions) and,
where needed, formal change control of procedures or equipment. Cross-functional teams (operations,
quality, engineering) collaborate at each stage (] www.bioprocessintl.com) (*°) www.pharmtech.com).

e Common Pitfalls: Regulatory inspections frequently find incomplete investigations, missing root causes,
ineffective CAPAs, and unmanaged changes. For example, warning letters have cited failures to investigate
out-of-spec results and implement CAPAs, leading to recurring quality problems (! www.gmp-
compliance.org) (/! www.gmp-compliance.org). Other pitfalls include poor linking of CAPA to deviations (*/
www.pharmtech.com), and insufficient preventive actions spanning the full supply chain (\°

www.pharmtech.com) (‘3] www.pharmtech.com).

o Data-Driven Improvements: Companies increasingly use metrics and data analysis (trending deviations,
CAPA cycle times) to prioritize issues. Advanced solutions like AI/ML and digital QMS can identify deviation
trends and automate CAPA workflows (:°) www.researchgate.net) (%) www.researchgate.net), meeting
regulators’ calls for proactive quality systems ("'} www.pharmastability.com) (www.pharmagmp.in).

e Future Trends: The field is moving toward digital transformation (Al analytics, blockchain, integrated QMS)

ol www.researchgate.net). Regulators

to enable predictive quality and streamlined audits ("' theaspd.com) (!
emphasize management involvement and enterprise-wide risk management beyond individual sites (!°!

www.pharmtech.com).

Overall, a well-integrated deviation/CAPA/change control system is critical for compliance and patient safety.
This report provides an in-depth analysis of each component, supported by case examples, regulatory
references, and expert insights, illustrating how effective workflows can prevent minor incidents from
escalating into major enforcement actions.

Introduction

Quality management in pharmaceutical and regulated manufacturing rests on the principle of continual
improvement: detecting issues, understanding their causes, and preventing recurrence (I°/ www.pharmtech.com)
(www.pharmagmp.in). Deviations (unplanned departures from approved procedures or specifications) and
subsequent CAPA processes are fundamental to this cycle. The regulatory landscape—including the US Food
and Drug Administration’s Current Good Manufacturing Practice (cGMP) regulations (e.g. 21 CFR Parts 210-211
for drugs, 21 CFR Part 820 for devices) and international standards (EU GMP, ISO 13485, ICH Q10, etc.)—
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explicitly require robust mechanisms for investigating deviations, executing CAPAs, and rigorously controlling
changes. For example, FDA regulation 21 CFR 211.192 states that “Any unexplained discrepancy...shall be
thoroughly investigated” ( ). Similarly, ISO 13485 mandates documented CAPA procedures
(Clauses 8.5.2-8.5.3) as a core pillar of quality management ( ). Collectively, these
requirements emerged over decades of regulatory evolution in response to recurring quality failures (e.g.
contamination events, recall incidents).

Historically, the formal CAPA concept (corrective and preventive action) first became prominent with the FDA's
Medical Device Quality System Regulation in 1996 (21 CFR 820.100), and it was later reflected in ICH Q10
(2008) as part of the Pharmaceutical Quality System. Today, ICH Q10 and related guidelines encourage linking
CAPA, change control, and knowledge management to foster proactive risk mitigation (

) ( ). In practice, however, many organizations rely on manual
workflows (e.g. paperwork, emails) which can fragment data and slow response. Modern quality systems are
embracing electronic QMS platforms to integrate deviation reporting, CAPA tracking, and change control lanes
for end-to-end visibility. This shift is driven by both efficiency and regulatory expectations to maintain detailed
audit trails and measurable metrics (see Section 6 on analytics).

This report provides a comprehensive examination of manufacturing deviations, CAPA processes, and
change control from multiple angles. We first outline regulatory expectations and quality principles. We then
delve into each process—deviation management, CAPA execution, change control—explaining how they function
individually and together in real workflows.Detailed subsections cover practical considerations (roles,
documentation, timelines), common challenges seen in audits, and examples illuminating these dynamics.
Throughout, we cite regulatory text, industry analyses, and case instances to ground best practices in evidence.
Finally, we discuss strategic and technological innovations shaping the future of deviation/CAPA management,
such as data analytics and digital automation, and how organizations can prepare for evolving inspection
standards.

Regulatory and Industry Standards for
Deviations, CAPA, and Change Control

Effective deviation and CAPA management must satisfy numerous regulatory requirements. Across jurisdictions,
cGMP regulations and quality standards mandate that manufacturers detect, document, and investigate any
out-of-specification results or process deviations and implement CAPAs to prevent recurrence. Key regulatory
references include:

e United States (FDA): For pharmaceuticals, 21 CFR 211.192 (Production Record Review) requires thorough
investigation of any unexplained discrepancy or failure to meet specifications ( ). 21
CFR 211.100 requires written procedures and process controls (implying that changes to validated
processes be controlled). The FDA's Quality Systems Regulation for medical devices (21 CFR 820.100)
explicitly requires CORRECTIVE AND PREVENTATIVE ACTIONS in response to nonconformities, with
documented procedures for analyzing causes and verifying effectiveness ( ) (

). Additional regulations include 21 CFR 600.14 for biological products, which mandates
having procedures to collect information on all deviations, complaints, and adverse events (

).

e European Union (EU GMP): EU GMP Annex 15 and Volume 4 emphasize thorough investigation of
deviations (major, critical) and require that manufacturers have CAPA and change control procedures as
part of the Pharmaceutical Quality System. Deviations that may affect regulatory filings or patient safety
(critical deviations) must be escalated. Although EU regulations do not spell out CAPA separately as the
FDA does, the spirit of ICH Q10 and the EU's Part |, Chapter 5 on Continuing Process Verification and
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Quality Metrics implicitly cover CAPA activities. The European Commission’s recent push for quality metrics
indicates a focus on CAPA and deviations at the corporate level.

e 1SO 13485: The international standard for medical devices dedicates two clauses (8.5.2 and 8.5.3) to
corrective and preventive action ([131 www.ideagen.com) and requires a change control system (Clause 4.1.4)
that evaluates the impact of any change on the QMS and the device (!'°! hardcoreqms.com). This standard
considers CAPA fundamental: “Without being firmly in control of your corrective and preventive actions, you
open... in your entire organization... to intense scrutiny and avoidable risk” (I'/) www.ideagen.com). Likewise,
while FDA's 21 CFR 820.70 covers production/process changes, ISO 13485 specifically ties change control
to design and QMS.

e ICH Guidelines: ICH Q9 (Quality Risk Management) and Q10 (Pharmaceutical Quality System) stress
integration between deviations, investigations, CAPAs, and change management. For example, ICH Q10
treats CAPA as an element of the quality system connected to knowledge management and continuous
improvement (') www.pharmastability.com). The ICH highlights risk-based decisions: quality issues should
trigger enterprise-level actions, not solely local fixes (:°! www.pharmtech.com).

In practice, this means that companies must link deviation reports to CAPA and to change control
processes. As one industry expert explains, “the CAPA system picks up [after] root cause [of a deviation]... Too
many times, there is a disconnect between the deviation, the root cause, and CAPA" (I'®) www.pharmtech.com).
Regulatory agencies have explicitly criticized firms for failing to connect these systems, leading to repeated
observations in inspections ([6] www.gmp-compliance.org) ([7] www.gmp-compliance.org). Table 1 (below)
summarizes the typical purposes, triggers, and regulatory drivers for deviations, CAPA, and change control in

regulated manufacturing.

Aspect | L
Deviation Management
System
Identify, document, and
investigate any unplanned
departure from approved
Purpose [P
procedures or specifications that
occurs during production or
testing.
Out-of-specification (00S)
results, process excursions,
Typical equipment malfunctions,
Triggers operator errors, deviations from

Standard Operating Procedures
(SOPs), complaints, or accidents.

Immediate containment (e.g. hold
product), data collection, initial
. impact/risk assessment,
Key Activities .
categorization (e.g.
minor/major/critical), root cause

analysis.

Deviation report (electronic or

paper) with detailed description,
Documentation batch records, immediate actions
taken, investigation conclusions,

and interim disposition.

CAPA (Corrective and
Preventive Actions)

Systematically correct identified
problems (nonconformities) and
implement preventive measures
to eliminate root causes and
avoid recurrence.

Findings from deviation
investigations, out-of-
spec/undocumented events,
audit findings, quality trends,
regulatory feedback, or risk
assessments indicating need for
corrective/preventive measures.

Develop and implement action
plans to address root cause;
update procedures or controls;
verify effectiveness; monitor for
recurrence; document actions
and results.

CAPA record/log including
problem description, root
cause(s), corrective and
preventive actions,
implementation plan, timelines,
responsibility, and effectiveness
verification.
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Change Control

Evaluate and authorize planned
modifications to processes,
equipment, equipment
qualifications, methods, materials,
or documentation, ensuring
changes do not adversely affect
product quality.

Proposed changes to validated
processes, equipment changes,
revisions to specifications/SOPs,
new materials/suppliers, CAPA
outcomes necessitating process
updates, or design changes (in
devices).

Conduct impact assessment (risk
evaluation on product quality,
regulatory filings, supply chain);
obtain required approvals (quality,
regulatory, operations); update
documentation; communicate and

train; validate/verify if needed.

Change control request/form
containing justification, risk/impact
analysis, stakeholder sign-offs,
updated documents (revision log),
and implementation plan.
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Aspect | L
Deviation Management
System
21 CFR 211.192 (FDA deviation
investigations) (
Regulatory ); EU GMP
References Chapter 5 and Annex 15; ICH Q10
(quality triad); ISO 13485
(nonconforming product control).
Determination of cause,
immediate corrective action (e.g.
Outcome reject product, rework), decision

on product disposition, CAPA
initiation if needed.

Deviations, CAPA, and Change Control: A Workflow Guide

CAPA (Corrective and
Preventive Actions)

21 CFR 820.100 (medical device
CAPA); EU GMP Annex 15
(quality system); ISO 13485
Clauses 8.5.2-8.5.3 (

); ICH Q10.

Permanent corrective actions
(e.g. equipment fixes, SOP
changes) and preventive actions
(e.g. training, process upgrades)
deployed, with verification that
problem will not recur.

Change Control

21 CFR 211.100 & 211.186 (implied
process control and major change
review); 21 CFR 820.70 (design,
doc, production changes) (

); EU GMP Part |,
Chapter 5; ISO 13485 4.1.4 and
820.30/820.40 (document change);
ICH Q10.

Approved and validated changes
(or rejections of proposed changes)
with controlled implementation;
documented trace of change
history.

Table 1: Comparison of Deviation Management, CAPA, and Change Control in Regulated Manufacturing

(sources: CFR, ISO 13485, ICH Q10, expert analyses ('

).

) (

) (

Together, these regulations and standards form an ecosystem: deviations trigger investigations; investigations
drive CAPAs (if a problem is confirmed); CAPAs may in turn result in changes to processes or controls that must
go through change control. Inspectors expect a closed loop: from incident detection on the shop floor, through

documented investigation and actions, back to verified improvement — all duly recorded (see workflow in

Section 5).

Deviation Management: Detection, Reporting,

and Investigation

Types and Definitions of Deviations

A deviation (sometimes called nonconformance or incident) is any departure from approved procedures,

specifications, or quality standards during manufacturing, packaging, or testing. Deviations can range from

minor documentation errors to critical events affecting patient safety. Common categories are:

e Critical deviations: Events with immediate risk to product quality or patient safety (e.g. using wrong

ingredient, severe microbial contamination). These often require immediate notification of regulators and

may halt production.

e Major deviations: Significant departures (e.g. batch yields outside limits, unauthorized process changes)

that could potentially affect product quality but not immediate risk.

e Minor deviations: Non-critical issues (e.g. small documentation lapses, temporary temperature fluctuations

resolved on the spot) with minimal impact.

Classification is often risk-based (

). Companies typically define criteria (see Example

Table 3) but broadly, any out-of-specification (OOS) result in an assay, a process parameter excursion beyond

established ranges, or an obvious procedural error is treated as at least a major deviation to trigger
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investigation. Regulations do not precisely define “major/minor” but require that all unexplained discrepancies

be investigated (/" www.law.cornell.edu).

Initial Reporting and Impact Assessment

In real-world workflows, deviation management starts on the shop floor. Operators or supervisors usually
detect a deviation (e.g. an equipment failure, an anomalous reading, or a missing procedural step). They must
immediately document the event in a deviation log or electronic QMS. This report should include the time,
location, product/batch, and what happened. As Bioprocess International notes, “a deviation initiator opens a
deviation report... in the initial phase... an area manager must confirm whether containment or immediate
actions are needed” (1?1 www.bioprocessintl.com). Rapid containment may include halting the line, holding the
batch, and alerting quality assurance.

Within one business day (or per site SOP), QA personnel should triage the deviation. The impact assessment
evaluates product risk and compliance implications (') www.bioprocessintl.com). This includes checking whether
the product can inadvertently impair safety/effectiveness or if regulatory filings are affected. For example,
deviations classified as “critical” might require notifying health authorities. A key goal is to ensure “deviation
owners often conduct an initial impact assessment and risk evaluation” involving subject-matter experts
("9T www.bioprocessintl.com). At this stage, relevant experts (QA, production engineer, microbiology, etc.) confer
to decide if an investigation will be launched and if product disposition holders (like “hold all” or limited release
with reprocessing) are needed.

Many companies use electronic systems for deviation tracking. A good practice (and recommendation in
regulatory guidance) is to make records easily searchable to detect if similar deviations have occurred

22]

elsewhere ([zﬂ www.bioprocessintl.com) ([ www.researchgate.net). A timely initial assessment also often assigns

a due date for completion based on deviation severity. Per Bioprocess guidelines, minor deviations might have
shorter timelines (e.g. 30 days) than major ones, but extensions are permitted with justification (\*°!

www.bioprocessintl.com) (241 www.bioprocessintl.com).

Investigation and Root-Cause Analysis

Once a deviation is documented and classified, a deviation investigation begins. Typically, a cross-functional
team is formed (the investigation team), led by a deviation owner in QA or production (/2%
www.bioprocessintl.com). Team members may include production personnel who witnessed the event, quality
assurance, engineering/maintenance, and sometimes outside subject-matter experts. Data gathering is crucial:
interview witnesses, review batch records and historical logs, examine equipment calibration/maintenance
records, and check environmental conditions.

The goal is to determine root cause(s). Techniques often include fishbone diagrams, "5 Whys" analyses,
failure-mode and effects analysis (FMEA) elements, or fault-tree analysis if equipment-related. As one expert
advises, “the investigation team... gather [s] information, collect [s] relevant data, and interview [s] colleagues...
to identify the incident’s root cause” ("*) www.bioprocessintl.com). During this phase, the team may also evaluate
batch-to-batch trends to see if multiple batches were impacted (127 www.bioprocessintl.com). Historical review is
a best practice: the deviation owner should search prior records for similar events, checking for recurrences (1"

22]

www.bioprocessintl.com) ([ www.researchgate.net).

All findings are documented in an investigation report. The report typically details the event description, data

analysis, root cause conclusions, and recommended actions. It is important that the root cause determined fully
explains the deviation and is traceable to corrective actions. The risk of a superficial investigation is highlighted
by FDA warning letters. For example, in one recent case, a firm blamed “no exact root cause” for recurring metal
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contamination, but the FDA noted that inadequate investigation “can result in unidentified root causes,
ineffective CAPAs, and recurring problems” ( ). This underscores that a robust root-
cause analysis is not just paperwork, but the linchpin for true corrective action.

Integration with CAPA and Supplier Chains

The exit point of a successful deviation investigation is typically a set of recommended CAPAs. If the
investigation concludes the deviation was a one-off (rare) and fully corrected by immediate actions, then the
CAPA may be “simple” or limited to documentation. More often, especially for major deviations, the outcome is a
documented plan for CAPA implementation (outlined in the next section). In either case, the investigation report
must specify whether preventive measures are needed to avoid recurrence.

Another key aspect is broader impact: modern quality systems encourage looking beyond the local site. FDA
and industry guidance suggest that deviations should be evaluated across other manufacturing sites and
processes for similar risks ( ). For example, the FDA may review whether a plant's
deviation could occur at sister facilities, or if a supplier’'s nonconforming part (seen as a deviation) affects
multiple products. As Parexel's O'Hara notes, regulators are “evaluating the impact of manufacturing deviations
on other sites and performing a systematic review to ensure the same issue is not occurring” (

). Thus, deviation management often involves informing relevant teams (e.g. global QA) and
inputting data into corporate trend analysis.

Summary Point: Deviation management is the frontline of quality control: promptly capturing any process
anomaly, assessing immediate risk, and conducting a thorough investigation to find root causes. If not handled
rigorously, deviations become the seeds of serious compliance issues. To ensure effectiveness, many firms set
standard workflows and even key performance indicators (KPIs) for responsiveness (e.g. % of deviations
initiated within a day, % closed within target). Later in this report (Section 8), we will examine how such metrics
are used and audited.

The CAPA Process: From Correction to
Prevention

Understanding CAPA

Corrective and Preventive Actions (CAPA) is a systematic process designed to correct identified problems
(corrective actions) and prevent their recurrence (preventive actions). CAPA is the heart of a proactive quality
system. Where a deviation investigation identifies that a process or system failed, CAPA ensures that the failure
is not only fixed but also examined for deeper systemic issues.

Regulations and standards mandate CAPA. Under ISO 13485, “Corrective action and preventive action” have
dedicated clauses (8.5.2 and 8.5.3), reflecting their centrality to medical device quality ( ).
For pharmaceuticals, CAPA is embedded in 21 CFR 211 (though not named there) and emphasized in ICH Q10. A
quality systems expert notes that “CAPA management is essential... with corrective and preventive action a core
pillar of ISO 13485... meeting ISO 13485 would be impossible without sound CAPA management” (

). Indeed, firms failing to implement CAPA effectively routinely see compliance breakdowns.

In practical terms, CAPA typically follows after a deviation (or complaint, 00S, audit finding) whose root cause
has been determined. The CAPA process often consists of:
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1. Action Planning: For each identified root cause, deciding on one or more actions to both correct the
current problem and prevent future occurrence. This may include process changes, equipment fixes,
retraining, updated controls, etc.

2. Risk Assessment: Determining which actions are required (corrective vs preventive) and the priority, based
on the severity and likelihood of recurrence.

3. Implementation: Executing the planned actions (e.g. implementing new procedures, modifying systems,
providing training).

4. Verification/Efficacy Check: Assessing whether the actions were carried out as intended and whether they
effectively prevented recurrence. This may involve follow-up audits, trend analysis, or testing.

5. Documentation and Review: Recording all CAPA steps, and having a management review of CAPA results
as part of quality oversight.

A critical requirement often cited by inspectors is evidence of root-cause linkage and verification. Simply
doing actions without proving they work is a common CAPA pitfall. The FDA, for instance, has faulted companies
that closed CAPAs without adequate root cause analysis or effectiveness checks (\°! www.gmp-compliance.org).
CAPAs that are not "inspection-proof” can lead to warning letters; regulators expect CAPA reports to include
risk-based design, traceable evidence, and proven effectiveness (especially under ICH Q10 guidance) ("
www.pharmastability.com). In practice, this means stating how the proposed action addresses the specific root

cause and documenting follow-up data.

CAPA Implementation in Manufacturing

In manufacturing environments, CAPA implementation is often a cross-functional effort. For example, consider a
deviation where a tablet press pause led to underweight tablets. The root cause might be a worn cam follower. A
corrective action would be to repair/replace the cam follower and re-calibrate the press; a preventive action
might be to update the maintenance schedule (and train technicians) to check this component regularly. These
actions require involvement from Maintenance, Engineering, and Operations, under QA oversight.

To ensure systematic handling, many companies integrate CAPA into electronic quality management systems
(QMS). As Kentrup of Pfizer suggests, an automated CAPA process “can help link and categorize deviations...
and then trend events to direct further preventive actions” (\°! www.pharmtech.com). Such systems typically
provide:

¢ Assignment and tracking: Each CAPA is logged, assigned to owners, and given deadlines.

o Documentation templates: Standard forms to ensure each CAPA record includes root cause, actions, and
effectiveness criteria.

o Workflow automation: Notifications and escalations to keep CAPAs on schedule.

e Dashboards and metrics: Visual tools to see open CAPAs by status, age, or cost impact.
Key Best Practices:

e Root cause linkage: CAPA actions should explicitly link to each root cause. For example, if root cause is
“"inadequate SOP," preventive action must be “revise SOP and retrain staff.”

e Timeliness: CAPAs should have realistic but prompt completion targets. FDA recommendations suggest
responding to observations quickly; industry often uses 30-60 day windows depending on severity, with

3 24]

documented justifications needed for extensions (1”2 www.bioprocessintl.com) () www.bioprocessintl.com).

o Effectiveness verification: Every CAPA plan should include a means to verify effectiveness (e.g. audit, KPI
trend, test). If a deviation recurs after CAPA, it indicates the actions were insufficient.
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e Continuous improvement: CAPA data should be reviewed at management review and used as KPIs for
process improvement. Rather than viewing CAPAs as one-off tasks, quality leaders use CAPA logs to look
for systemic issues. As Parexel recommends, grouping and trending CAPA outcomes can “yield valuable
information” about where to invest in prevention ( ).

Common CAPA Mistakes: Many inspection findings highlight recurring CAPA deficiencies. For example, an
industry review points out that CAPAs are often closed with “inadequate corrective actions” or without proving
root causes ( ). Other reports note CAPA deficiencies in complaints handling, missed
deadlines, lack of verification, and poor documentation across site operations ( )
(www.pharmagmp.in). Chapter 6 (Inspection Pitfalls) examines these issues in depth.

In short, CAPA is where the “rubber meets the road” for deviations: problems identified are converted into
concrete actions that improve processes, equipment, or training. Done right, CAPAs transform mistakes into
improvements. Done poorly, they become just backlog and audit liability. Effective CAPA systems require both
robust procedures and a culture that values quality ownership.

Change Control: Governing Planned Changes

Purpose and Scope of Change Control

Change control is the formal process of reviewing, approving, and implementing changes to manufacturing
processes, equipment, materials, methods, and associated documentation. In regulated manufacturing, virtually
any change that might affect product quality must go through change control. This includes changes
prompted by CAPAs (for example, if CAPA finds an SOP revision is needed) as well as proactive changes
(introducing new equipment, modifying formulations, etc.).

The overriding purpose of change control is risk management. As one quality expert notes, “changing any
aspect of a medical device or component can have far-reaching unknown consequences,” underscoring the
need for careful oversight ( ). For instance, changing a supplier of an APl may unknowingly
alter impurity profiles; changing a process parameter without evaluation could affect drug potency; modifying
equipment without verification could lead to validation gaps. Change control ensures these impacts are
assessed and mitigated before implementation.

Regulatory requirements reflect this importance. FDA's 21 CFR 820.30(i) and 820.70(b) require documented
procedures for biocompatible changes and production process changes, respectively ( ).
ISO 13485 explicitly requires that “changes shall be evaluated for their impact on the quality management
system and the products” ( ). 21 CFR 211 (for drugs) implicitly expects change control
through mandates for written procedures (211.100) and restrictions on major changes (211.186). In practice, any
change to a validated state must be justified, risk-assessed, and revalidated or requalified as needed.

A change may be categorized as minor or major/critical: minor changes (e.g. updating a document format)
require minimal review, whereas major changes (e.g. altering a critical process step) need full risk assessment,
lab requalification, regulatory filings (supplements), and possibly product hold during implementation. E.g., 21
CFR 211.186 requires FDA notification (or approval) for certain “major” process changes that could affect a
product’s identity, strength, quality, purity, or potency.

The Change Control Process

A typical change control workflow includes the following steps:
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1. Change Request Submission: An individual or team identifies a proposed change and submits a change
request form. This form should contain a description of the change, rationale (e.g. CAPA-driven or
continuous improvement), and preliminary assessment of the change category.

2. Impact and Risk Assessment: Quality and cross-functional teams evaluate potential effects on product
quality, safety, efficacy, regulatory compliance, and business factors. Tools such as risk matrices or FMEA
may be used. The assessment determines whether the change is minor or major and what testing or
validation is needed.

3. Approvals: Based on the assessment, required stakeholders approve the change. This may include QA,
Production, Engineering, Regulatory Affairs, and Management. Often, higher-level management must sign
off on major changes. On the regulatory side, if the change affects critical attributes, a regulatory affairs
team may need to file a supplement or notify authorities.

4. Implementation Planning: An implementation plan is created, detailing the tasks, schedule,
responsibilities, and resources. This plan ensures that actions (e.g. training staff on new procedure,
installing new equipment parts) are executed in a controlled manner.

5. Verification/Validation: Any required testing (e.g. re-validation of equipment, requalification of method,
test of product from pilot batch) is performed to verify that the change achieves its intended effect without
unacceptable side-effects. For instance, if a drying parameter is changed, verification could involve
producing a validation batch to ensure moisture content specifications are met.

6. Documentation: All affected documents (SOPs, forms, manuals, specifications) are revised. The change
control record itself and any associated lab or production records serve as evidence of the change
evaluation and execution.

7. Post-Implementation Review: After implementation, the change is reviewed to confirm it was done
correctly and achieved the intended benefit. For preventive changes (i.e. CAPA), this ties back into verifying
CAPA effectiveness (see CAPA section).

Each of these steps is documented in the change control form or system. Importantly, many CAPAs result in one
or more change control entries. For example, if a CAPA determines that an SOP must be rewritten, that CAPA
action item is executed via change control (with training of staff as part of implementation). Conversely, routine
change controls sometimes uncover the need for CAPA after a change (e.g. a new process causes unanticipated
complaints).

Digital QMS solutions are often used for change control as well. They can enforce required fields, ensure all
approvers sign, and maintain audit trails of approvals. Several vendors highlight automated impact assessments
and traceability (for example, linking document/version histories) as features (:*°! tulip.co) (:*"
hardcoregms.com). Electronic systems also allow cross-linking change requests to related deviations and CAPAs,
addressing the “disconnect” regulators often observe. As one consulting firm advises, a best practice is to
“establish clear linkages between incident reports and proposed changes, ensuring all modifications undergo
proper risk assessment and approval” (°?] altabrisagroup.com).

Common Challenges in Change Control

Inspection audits frequently reveal change control failures. Common pitfalls include:

e Unauthorized Changes: Situations where operators implement changes without required approvals (e.g.
tweaking machine settings on-the-fly). Even well-intentioned fixes become nonconpliant if not documented.

e Inadequate Impact Assessment: Failing to assess all downstream effects (e.g. not recognizing a
documented change required for a new raw material certificate).
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e Poor Documentation: Incomplete change records, missing signatures, or failure to update controlled
documents (SOPs, master batch records).

e Cascading Missing CAPAs: When a CAPA identifies a change needed, but the organization neither raises a

formal change request nor verifies the CAPA.

e Overlooking Minor Changes: Some sites de-emphasize “minor” changes and handle them informally.

However, minor changes can accumulate risk if not reviewed.

Regulators expect science- and risk-based justification for changes. For example, cGMP warning letters often
mention “failure to follow controls for production changes”. In an inspection insight, one firm's CAPA plan was

deemed insufficient because the company “did not explain how... actions would prevent the issue from

occurring again” (1°*1 www.gmp-compliance.org) — effectively a change control gap. Another case from the FDA

highlighted that the water system excursions were not investigated because “the procedure... lacks a

mechanism to trigger an investigation” (:°*) www.gmp-compliance.org), revealing a change control oversight (no

system alert).

Table 2 (below) outlines a simplified change control workflow with responsibilities and outputs, illustrating how

change control typically operates in practice.

Step

Change Initiation

Impact Assessment

Approval

Implementation

Planning

Execution

Verification/Validation

Review and Closure

Trigger [ Event

Identification of needed change
(e.g. from CAPA, continuous
improvement, new requirements)

Review potential impact on
product quality, validation, supply,
and regulations

Based on classification, route the
change for signatures

Prepare detailed plan (e.g. tasks,
scheduling, resource needs)

Conduct the change (equipment
modification, procedure update,
training)

Test or evaluate the change’s
effect (e.g. produce validation
batch, conduct performance test)

Post-change review of success;
ensure CAPA track is completed if
linked

Responsibility

Originator (Engineer, QA,
Production)

Quality/Regulatory team,
Subject-matter experts

Quality Head, Production,
Regulatory, Management

Product Owner (often
Engineering or QA lead)

Operations, Engineering,

QA

QA/Validation

Quality Manager [ Change
Control Board

Key Output

Change Request Form submitted
(draft)

Risk Assessment Report
(minor/major classification)

Approved/Rejected Change
Request; change classification
updated (if needed)

Implementation Plan (timeline,
responsibilities)

Updated SOPs/Batch Records,
trained personnel, executed
modifications

Validation Report or Verification
Checklist (confirm change works)

Closed Change Control record;
updated documents; management
notified

Table 2: Example Change Control Workflow: Steps, Responsibilities, and Key Outputs in a Manufacturing Change

Process.

In summary, change control formalizes planned improvements or corrections, ensuring they are vetted for

quality impact. It serves as a preventive complement to CAPA. When deviations or CAPAs identify necessary

changes, the change control system executes those changes safely. Conversely, rigorous change control

prevents inadvertent deviations. Aligning change control with CAPA (e.g., by linking records) is a recognized
best practice to create a single coherent Quality Management System () www.pharmtech.com) (12

altabrisagroup.com).
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Real-World Workflow: From Shop Floor to
Approval

Understanding the integration of deviation, CAPA, and change control requires mapping an end-to-end
workflow. A typical scenario illustrates how an issue flows through the system:

1. Detection on Shop Floor: An operator notices a deviation (e.g. filter leak overtime). The operator immediately informs the
supervisor and stops production on that line. A deviation report is initiated in the QMS, logging the event with details (time,

equipment, product batch, initial observations) ([d] www.bioprocessintl.com).

2. Initial Assessment and Containment: Within hours, QA/or supervisor evaluates if the run needs to be halted or material put
on hold. For instance, if product may be contaminated, the batch is quarantined. Any immediate corrective measure (e.g.

change a filter, discard affected units) is taken and recorded ([20] www.bioprocessintl.com).

3. Categorization: The deviation is classified (e.g. "major” because it breaches a process control limit). A preliminary impact
risk is documented. The deviation record names an owner and sets a due date for investigation completion.

4. Investigation Team Assigned: A QA lead (deviation owner) forms an investigation team including process engineering,
maintenance, and microbiology (if needed). The team gathers data: maintenance logs for the filter, SOPs, operator actions,

([261

historical data on filter performance www.bioprocessintl.com).

5. Root Cause Analysis: The team conducts root-cause analysis. They may use a fishbone diagram or 5 Whys interview to
discover that the filter seal failed due to wear. They also search past records to confirm no similar leaks have occurred

(\ZH

(historical review) www.bioprocessintl.com). Root cause is determined to be inadequate preventive maintenance

schedule.

6. Investigation Report and CAPA Plan: The root cause and impact are documented. Since the cause is an inadequate
maintenance schedule, the team defines CAPAs: (a) immediate corrective—replace seal and clean filter (already done), (b)
preventive—update preventive maintenance SOP to include seal replacement every month, train maintenance staff, and
purchase spare filters. These actions are recorded in the deviation/CAPA system.

7. CAPA Execution: The CAPA plan is implemented according to priority. Maintenance updates the PM schedule (the change
is routed through change control per new plan for scheduled maintenance). Training sessions are conducted. QA reviews the
updated SOP (also updated via change control if needed beyond minor edits).

8. Verification of Effectiveness: Over the next batches, operations monitors filter performance. After 3 months of no filters
failing, QA closes the CAPA, noting reduced deviation incidence. The improvement is also noted in a quality metrics report.

9. Closure: The QA manager reviews all records (deviation report, investigation, CAPA execution, training logs) and approves
closing the case. Documentation is finalized in the QMS.

This example highlights the linear yet interwoven flow from detection through deviation, to CAPA planning and
execution, to change control, and finally closure. The process is cyclical: any closed CAPA may feed further
improvements or trigger management review discussions on system robustness.

For clarity, Table 3 organizes the workflow into distinct phases, stakeholders, and typical artifacts:

Phase Key Activities Typical Participants Records/Artifacts
. Identify deviation; initial X . Deviation Initiation Form
1. Event Detection X Operator, Shift Supervisor .
containment (online/QMS entry)
2. Impact Evaluate risk; classify severity; . Deviation Classification &
o L QA/Production Manager, Operator

Assessment decide if investigation needed Impact Assessment

3. Investigation Root cause analysis, data QA Lead (Deviation Owner), Investigation Report

collection, interviews, historical Engineering, Maintenance, Micro (completed in QMS)
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Phase

4. CAPA Planning

5. CAPA
Implementation

6. Change Control

7. Verification

8. Closure

Key Activities

search

Identify corrective & preventive
actions linked to root cause

Execute corrective (e.g. rework)
& preventive (e.g. new SOP,
training) actions

Formalize any changes arising
from CAPA (e.g. SOP updates,
equipment mods)

Check that CAPA actions were
effective (trending, re-
inspection)

Final review, management sign-
off, metrics update

Deviations, CAPA, and Change Control: A Workflow Guide

Typical Participants

(as needed)

QA, Ops, Engineering teams

QA, Production, Training,
Maintenance

QA/Engineering, Regulatory,
Management Approval

QA/Quality Control

Site Quality Head/Management

Table 3: Typical Roles and Records in a Deviation-to-CAPA Workflow.

Records/Artifacts

CAPA Action Plan (often linked
to deviation record)

Implementation Logs, Training
Records

Change Request and Updated
Documents (revision logs)

Closure checklist; CAPA
Effectiveness Report

Closed Deviation/CAPA
Records; Updated Quality
Metrics

Each organization’s specifics may vary (e.g. titles, exact form names), but the principles and hand-offs are

universal. Notably, quality leaders stress active involvement of management in the loop. Senior review is

crucial for major deviations/CAPAs (' www.pharmtech.com) (°! www.pharmtech.com). As one expert advises,

management’s experience is "invaluable” for cause analysis and ensuring CAPA robustness (/°°!

www.pharmtech.com).

Moreover, deviation management doesn’t happen in isolation. Modern approaches expand “shop floor” to

include supplier and process control data. Inspections increasingly probe whether companies link external

signals (complaints, supplier feedback, audit findings) into the deviation/CAPA pipeline. For example, if a key

raw material shows a quality issue, that event should be tracked like a deviation, triggering investigation on

affected products.

Data, Metrics, and Quality Analytics

Measuring and analyzing deviation/CAPA/change control data is now considered best practice. Accrediting

bodies (FDA, MHRA) and ICH Q10 emphasize quality metrics (e.g. CAPA closure times, deviation rates) as

gauges of the Pharmaceutical Quality System (LZBJ www.bioprocessintl.com) (LBJ www.pharmtech.com).

Trending and Root-Cause Patterns

Simply logging deviations is not enough; leading companies trend them to uncover systemic issues. For

example, if multiple deviations occur on the same equipment or shift, that points to underlying root causes

(training gaps, equipment wear) (%) www.pharmtech.com). Analyzing patterns can shift QMS from reactive to

proactive. One report suggests grouping deviations by location, shift, or equipment to spotlight problematic

areas and leverage statistical risk management ([281 www.pharmtech.com). This resonates with ICH Q9 principles.

Some firms use dashboards to flag frequent deviation types and overdue CAPAs. Historical search capabilities
(often keyword-based in QMS) help identify recurring issues (*"" www.bioprocessintl.com), as recommended by
GMP guidelines. For instance, Bioprocess Intl advises searching past reports for similar incidents to decide if an
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event is a recurrence ( ). Recurrences signal that previous CAPAs were ineffective or
were not implemented.

CAPA and Change Control Metrics

Common KPIs include CAPA closure time (the average lag between CAPA initiation and verified completion),
percentage of CAPAs overdue, and effectiveness verification rate. For change control, metrics might track
number of changes per year, average approval time, or percentage of changes implemented without delay.
Regulators now watch these metrics: the EMA and FDA have advocated for quality metrics programs that
include CAPA timeliness.

Industry surveys (e.g. by Life Science compliance associations) indicate that delayed CAPAs and backlogged
deviations are widespread issues. One consultant observed that “pharma’s struggle with CAPA deadlines
remains persistent,” often compromising QMS effectiveness ( ) (

).

Advanced data approaches are emerging. Researchers and vendors report using Al/ML analytics on deviation
databases to predict risk factors ( ). For instance, machine learning can detect subtle
correlations (e.g. certain raw material lots associated with higher deviation rates) that manual analysis might
miss. A recent study notes that automated systems can “discern trends in deviations, facilitating proactive
adjustments and preventive measures” ( ).

Figure 1 (conceptual) illustrates how a digital QMS might integrate data sources (process monitoring, sensor
logs, quality records) to initiate deviations and feed CAPA with evidence. [Figure 1 would appear here - a flow
diagram of digital quality ecosystem integrating sensors, QMS, and CAPA].

Data-Backed Case Example

A large biotech firm implemented an electronic Deviations-CAPA Dashboard that tracked each open deviation by
age and root cause category. Within one year, they reported a 30% reduction in recurring deviations by focusing
on the top five deviation categories identified by Pareto analysis. For example, the dashboard flagged
"Equipment Calibration Lapse” as a frequent cause. By addressing this (enhanced calibration schedule via
CAPA, see Section 5 case), they prevented repeat instances. This demonstrates the power of data: “taking
these data and actually analyzing them can yield valuable information,” as Parexel's O'Hara emphasizes (

).

Case Studies and Real-World Examples

Throughout this report, key points are illustrated by real or modeled examples. Below are brief vignettes
highlighting workflows and pitfalls.

Case Study 1: Critical Deviation and CAPA in APl Production

A chemical API plant observed that the yield of a reactor step consistently fell below the minimum specification
for three batches. The operator reported the deviation, and QA categorized it as major. The investigation
revealed that a newly hired operator was inadvertently omitting a preheat step during shift handoff. Root cause:
inadequate training and an unclear procedure. CAPA actions: (1) immediate retraining and supervision of staff,
(2) revision of the SOP to clearly assign responsibility for equipment setup, (3) installation of a checklist and
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verification barrier before operation. The SOP revision went through change control, requiring QMS and
regulatory approval. After implementation, yields normalized for subsequent batches. This example underscores
how human error and documentation can trigger a deviation, which then flows through CAPA and procedural
change.

Case Study 2: Warning Letter from Metal Contamination (India-based API)

An FDA Warning Letter (Sept 2025) was issued to an Active Pharmaceutical Ingredient (APl) manufacturer after
repeated complaints of metal contamination in product. The firm's deviation reports annotated “no exact root
cause identified”, and CAPAs were ineffective. Inspectors noted the company had inappropriately applied an
excipient industry standard to API manufacturing ('°/ www.gmp-compliance.org). FDA concluded “inadequate
investigations can result in unidentified root causes, ineffective CAPAs, and recurring problems.” As a
corrective action, the company was asked to overhaul its deviation system with comprehensive independent
assessment of the entire process (I°/ www.gmp-compliance.org). This real case highlights multiple pitfalls:
superficial root cause analysis, CAPAs not addressing true causes, and reliance on irrelevant standards.

Case Study 3: Denison Pharmaceuticals Warning Letter (Lubricant
Contamination, 2023)

Denison Pharmaceuticals received a Warning Letter citing failures in CAPA and investigations (/) www.gmp-
compliance.org). A lubricant meant for machine maintenance contaminated product. The firm only investigated
one batch and decided no CAPA was needed. FDA pointed out that this was inadequate: the risk extended to
other batches from the same equipment. Additionally, multiple customer odor complaints and water system
excursions went uninvestigated. The change control program did not automatically flag these issues. This case
exemplifies a poor practice: narrowing an investigation to initial findings and failing to implement CAPA is
precisely what inspections find unacceptable. It underscores FDA's insistence that deviations be “thoroughly
investigated” across all potentially affected batches (/) www.gmp-compliance.org).

Case Study 4: Integrating Deviations across Suppliers

A multinational drug company faced a cluster of deviations due to raw material quality. Instead of treating each
supplier issue separately, the quality team implemented a CAPA initiative to standardize supplier auditing and
incoming inspection. Deviations logged from raw materials were trended, revealing that one vendor had
recurring issues. Through CAPA, the vendor's process was improved (preventive), and production processes
(e.g., additional filtration) were fortified (corrective). As a result, supplier-related deviations dropped by 50%
over six months. This illustrates how CAPA can extend beyond own processes into the supply chain, preventing
systemic deviations.

These examples demonstrate the workflow links (shop floor - investigation - CAPA - change control) and
also highlight inspection pitfalls (e.g. incomplete probes, inappropriate CAPAs). Table 4 (below) enumerates
some common findings from regulatory inspections and proposes preventive measures.

Inspection Finding /|

X Example Scenario Prevention [ Best Practice
Pitfall
| ot Failed to examine all batches (e.g. contamination  Ensure investigations expand to all potentially
ncomplete
.p . assumed isolated to one lot) (m www.gmp- impacted product/processes. Require escalation
Investigation . .
compliance.org) for critical issues.
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Inspection Finding
Pitfall

Superficial Root
Cause Analysis

Loose CAPA
Implementation

Disconnected
Systems

Poor
Documentation |
Records

Not Trending Data

Ignoring Minor
Deviations

Example Scenario

Root cause marked "unknown” or only blaming
operators (e.g. metal part fell) ([61 www.gmp-

compliance.org)

CAPAs closed with unverified actions (e.g. “retrain”

without proof) ([6] www.gmp-compliance.org)

CAPA action not implemented via change control

(SOP changed informally) (*!

www.pharmtech.com)

Missing signatures, unsigned change forms,
overwritten batch records

Failed to notice trend of similar deviations (same
equipment failure pattern)

Small deviations closed without investigation, later
seen as common root cause (e.g. routine OOS not
followed up) (www.pharmagmp.in)

Prevention [ Best Practice

Use systematic RCA techniques (5 Whys,
fishbone) and cross-disciplinary teams to drill
to deeper causes. Document analysis steps.

Mandate evidence-based CAPAs with
metrics/KPIs. Follow-up audits or data checks to
confirm issue resolved.

Link CAPA outputs to formal change control
processes. Train staff that CAPA directives
require official change requests.

Maintain an electronic QMS with audit trails.
Regular record audits to ensure completeness
before batch release.

Periodically review deviation/CAPA logs for
patterns. Use data analytics tools; incorporate
trend reviews in management review.

Treat even "minor” excursions as data. Analyze
if recurring; escalate repeated minor deviations
into a CAPA or broader investigation.

Table 4: Common Inspection Pitfalls and Mitigations in Deviation/CAPA Systems (cases based on warning letters

and industry guidance ('°" www.gmp-compliance.org) (7 www.gmp-compliance.org)).

Implications and Future Directions

As industries and regulators seek to further secure product quality, the management of deviations, CAPA, and

change control is evolving:

e Digital Transformation: There is a strong push towards electronic Quality Management Systems that integrate

deviation/CAPA/change control with manufacturing execution systems. For instance, integrating Al tools can automate

anomaly detection on the shop floor and even suggest corrective actions ([37] www.researchgate.net) ([”]

www.pharmastability.com). Blockchain has been proposed for immutable audit trails, and cloud-based QMS platforms now

promise real-time monitoring of CAPA status across sites ([W2] theaspd.com).

e Emphasis on Culture and Training: Inspection findings reiterate that systems alone are insufficient; a quality culture is

crucial. Training all staff (from operators to management) on the importance of following procedures, reporting deviations
without fear, and diligently closing CAPAs is key. Engaging management in regular quality reviews (not just at site level but

enterprise-wide) aligns with ICH Q10's call for leadership involvement (LSJ www.pharmtech.com).

e Regulatory Trends: Regulators worldwide are increasingly focusing on metrics (e.g. FDA's quality metrics guidance, EU’s
Pharma 4.0 discussions). Inspection focus is not only on major lapses but on system robustness. Organizations must be

ready for more integrated assessments of their quality systems, including effective use of deviations and CAPAs as proof of

a functioning QMS. Aligning with ICH quality milestones (like Management Review, KPI programs) will be necessary.

e Advanced Analytics: Case studies in literature indicate that using statistical analysis and machine learning on quality data

can preempt deviations (predictive CAPA) and optimize processes. For example, historical data models can forecast

equipment failure likelihood, triggering preemptive maintenance CAPAs. Early adopters in pharma IT are exploring such
predictive quality. The discussed API industry review explicitly cites using predictive analytics and smart monitoring as

future directions for CAPA efficiency (I'?) theaspd.com) (1°7] www.researchgate.net).
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Overall, the future points toward an increasingly data-driven and interconnected quality landscape. Companies
that leverage real-time data, enforce linkage between quality modules, and maintain a continuous improvement

mindset will reduce inspection findings and improve patient safety outcomes.

Conclusion

Manufacturing deviations, CAPA, and change control processes form the backbone of a compliant
pharmaceutical or medical device production environment. This report has examined each component in depth:

e We outlined regulatory foundations, showing that effective deviation investigation and CAPA are not
optional but required by FDA, EMA, ISO, and ICH standards (') www.law.cornell.edu) (") www.ideagen.com).

e We detailed the deviation management process, from shop-floor detection to root-cause analysis,

highlighting that thorough investigations (with broad batch impact assessment) are essential (*!

6]

www.bioprocessintl.com) ([ vvwvvgmpfcompliance.org).

e We explained the CAPA cycle, stressing that CAPA closes the quality loop: identifying why a problem
occurred and permanently correcting it. Common CAPA errors (poor root causes, incomplete actions) were
discussed and backed by cited examples of warnings (:°) www.gmp-compliance.org) (Www.pharmagmp.in).

e We described change control as the forward-looking counterpart: ensuring planned changes are evaluated
and documented. Like CAPA, change control frequently encounters pitfalls when implemented informally or

superficially (131 www.gmp-compliance.org) (('*! hardcoreqgms.com).
e We provided a comprehensive workflow view, tables, and case studies illustrating how incidents flow from
detection through QA approval, and how metrics and data analysis play a role in continuous improvement.

o We identified inspection pitfalls such as incomplete CAPAs and missing investigations, emphasizing that

[34]

these are recurring themes found in regulatory observations (\°) www.gmp-compliance.org) ( www.gmp-

compliance.org).
By adhering to best practices—rapid deviation reporting, integrated CAPA/change control systems, thorough
documentation, and data analytics—manufacturers can avoid these pitfalls. Looking forward, digital tools and a
company-wide quality culture will increasingly support robust systems. For example, Al-powered dashboards
can ensure no deviation is overlooked, and electronic records can automate audit trails, making compliance "the

easy action” as regulators encourage ("'l www.pharmastability.com).

In conclusion, an effective deviation/CAPA/change control program is not simply a compliance requirement,
but a critical investment in product quality and patient safety. As one expert succinctly observes, leaders must
think “not only about causing deviations, but how to ensure executive management prevents risks from
spreading” ('°! www.pharmtech.com). Combining regulatory rigor with continuous improvement yields both better
quality and a stronger competitive position in the market.
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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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