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Abstract:
Data integrity is critical to regulatory compliance, and the fundamental reason for 21 CFR Part 11 published
bythe U.S. Food and Drug Administration (FDA). FDA published the first guideline in 1963, and since then
FDA and European Union (EU) have published numerous guidelines on various topics related to dataintegrity
for the pharmaceutical industry. Regulators wanted to make certain that industry capture accurate data during
the drug development lifecycle and through commercialization consider the number of warning letters issued
lately by inspectors across the globe on data integrity.

This article discusses the history of regulations put forward by various regulatory bodies, the term ALCOA Plus
adopted by regulators, the impact of not following regulations, and some prevention methods by using some
simple checklists, self-audit, and self-inspection techniques. FDA uses the acronym ALCOA to define its
expectations of electronic data. ALCOA stands for Attributable, Legible, Contemporaneous, Original, and
Accurate. ALCOA was further expanded to ALCOA Plus, and the Plus means Enduring, Available and
Accessible, Complete, Consistent, Credible, and Corroborated.

To prevent data integrity, various solutions can be implemented such as a simple checklist for various systems,
self-audit, and self-inspections. To do that we haveto develop strategy, people, implement better business
processes, and gain a better understanding of data lifecycle as well as technology. Pharmaceutical industry
ensures that data entered for various steps of drug development is accurate so that we can have confidence that
the drugs produced by the industry are within some parameters. The regulations put forward by FDA and EU
are not new. The first regulation was published in 1963, and after that regulators published multiple
guidelines.(1)
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INTRODUCTION:

Data is critical in the pharmaceutical sector for
maintaining patient safety and product quality, as
well as developing better health products for
human use. Data might exist in both electronic and
manual formats. The criteria for data integrity are
the same for electronic and manual data which
must adhere to data integrity standards.1Data
integrity refers to the accuracy, consistency, and
depend ability of data in a databaseor any other
information storage system.

"Data quality” is frequently employed as a proxy
for "data integrity As the pharmaceutical industry
continues to change, data integrity assurance is a
key component of medication research, production,
and regulatory compliance. Maintaining the
quality, safety, and effectiveness of pharmaceutical
goods has grown more dependent on guaranteeing
the reliability, correctness, and completeness of
data as the pharmaceutical sector keeps on
changing. Pharmaceutical firms must develop and
enforce comprehensive regulations and procedures
to protect information quality throughout the
lifecycle of a product due to regulators
‘enforcement of rigorous requirements, Such as the
US Food and Drug Administration (FDA)and the
European Medicines Agency (EMA) (2)

Regulatory importance

Data integrity is essential in pharmaceuticals
because it affects product quality and patient safety.
Regulatory agencies strictly enforce rules to ensure
proper data handling, and companies must use
SOPs with clear steps for recording and managing
data. Authorities have also increased data integrity
requirements to improve compliance.

a) FDA

Under 21 CFR guideline part 11: Verifying the
integrity and authenticity of electronic records and
signatures, are trustworthy, secure, reliable, and
equivalent to handwritten records. (10) The Federal
Register publishes federal rules, including FDA
regulations. These rules are then compiled into
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Title 21 of the Codeof Federal Regulations, which
is updated each year.

b) wHO

Guidelines emphasize data integrity to protect
patients, requiring manufacturers to provide
accurate and reliable data to regulatory authorities,
following GMP and GLP standards. Annex 4 of
Technical Report Series, 1033 of WHO: The
guideline emphasizes maintaining data reliability
and trustworthiness throughout pharmaceutical
product development, production, and registration.
Guideline on Data Integrity- Technical Report
Series, 1033 (2021): This guideline provides a
framework for enhancing data integrity in product
quality, safety, and efficacy, offering practical
guidance and recommendations.

C.MHRA (the UK's Medicines and Healthcare
Products Regulatory Agency):

Definitions and Industry Guidance for Data
Integrity: Offers detailed guidance on Controlling
risks, accountability for data, and expectations for
data integrity.

Pharmaceutical companies are expected to follow
these guidelines to guarantee adherence to legal
standards and preserve integrity of the data.
Implementing robust quality management systems,
training programs, and risk-based approaches are
essential components of ensuring data accuracy in
the pharmaceutical sector.

Principle of data integrity:

ALCOA (Attributable Legible Contemporaneous
Original Accurate) is a framework that is required
for the implementation of Good Documentation
Practices (GDPs) and is utilized byregulated
enterprises to ensure data integrity.7 Electronic and
paper data are both addressed by ALCOA. The
ALCOA principles are essential for promoting data
integrity initiatives, upholding GDPs, adhering to
GMPs, and keeping an electronic and paper data
handling throughout the lifespan that meets the
requirements. The acronym ALCOA, was first used
int he1990shyStan
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In 2010, featured the addition of Complete,
Consistent, Enduring, and Available
(CCEA)totheALCOA.7ALCOA-CCEAismore
commonly referred to as ALCOA-C or
ALCOA.(Fig. 2) (Table 1).

Attributable

The identity of the person who created the data
must be known from the information generated or
gathered which in turn guarantees responsibility.
This provides a record of the person who did, what
and when Example The person who conducts the
test should sign and date the test results during an
Approval trial. In a laboratory setting, each entry in
a lab notebook should be signed or
otherwiseidentifiedwiththenameofthescientistwhoc
onducted the experiment. A client who authorized
to modify an existing limit on a process or
checking model. The nature of the adjustments
must be signed in a review trail.

Legible

Readable data is only sometimes obvious, even in
the digital era. Ensuring records that are readable
and persistent is indeed crucial for optimizing data
accessibility throughout their existence. This also
applies to meta data that can be recorded to support
an electronic record and is readable by humans. It
is very important to note that paper records should

[ Consistent ]
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also be controlled to avoid unauthorized re-creation
and all records must be clear and readable to those
who are authorized to review them. Example:
Handwritten notes should be neat and legible.
Electronic records should also be presented in a
clear and legible format. If a mistakes made in a
written entry, it should be crossed out neatlywith a
single line, and the correction should be initialed
and dated. Buzzwords and colloguial terms should
be avoided as they are likelyto be changed over
time and also from place to place and they are often
not understandable by a particular region.
Contemporaneous

The data must be recorded only at the time of the
observation or action. Delayed documentation can
introduce errors or inaccuracies and it can also lead
us to compromise in the quality and accuracy of the
data. Example: In clinical trials, patient data should
be recorded in real-time as the observations are
made, rather than being documented later. Entries
should be made in real-time or as close to the event
as possible. Recording data in real time decreases
the danger of memory errors meanwhile also
ensures the correctness of information.

[ Endurmg J

Availability ]

Fig. 2. ALCOA plus.

D. Gokulakrishnan. S. Venkataraman

Table 1
Principles of data integrity.
S. Principles of Data Definitions
No integrity
1 A = Axgributable Who made the data and when?
Traceability
2 L. — Legible Whether the generated data is readable and
understandable?
3 C—Contemporaneous Real time recording of data
-1 O-—=Original True data/primary data collected.
5 A — Accurate What has happened exactly? Or unedited version
of the data
6 C—=Complete Every piece of the data, that involve any
duplicates or a new analysis carried out on the
sample
7 C—Consistent Unchanged during the lifecycle of the data
reliabilicy
8 E — Enduring Long lasting and Durable
9 A = Available Should be accessible whenever it is needed and

easy retrieval
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OBJECTIVES

1. Critical document management challenges in
the pharmaceutical industry and how to over
come them

2. Data integrity history issues and remediation
of issues

3. To understand the concept of data integrity in
pharmaceutical documentation. To study the
ALCOA principles:

e  Attributable
Legible
Contemporaneous
Original

Accurate

4. To evaluate the importance of ALCOA
principles in maintain pharmaceutical records and
documentation.
5. To examine the role of ALCOA principles
in complying with Good Documentation Practices
(GDP), Good Manufacturing Practices (GMP), and
regulatory guidelines.
6. Toidentify common challenges

and errors affecting

data integrity
in pharmaceutical industries.
7. To assess methods used by pharmaceutical
companies to implement ALCOA principles in
manual and electronic documentation systems.
8. To study the impact of proper
documentation practices on product quality, patient
safety, and regulatory inspections.

ALCOA++principles

Complete all captured data requires a
comprehensive audit trail to ensure transparency
and accountability, demonstrating no data loss or
deletion. Additionally, any reanalysis of samples
must be documented in the records.Data should be
accompanied by relevant metadata to ensure
thorough documentation. Data completeness is
evaluated by verifying that required fields in
reports were filled. The completeness score was
calculated as the percentage of fulfilled fields out
of the total expected fields.

I. Consistent Data requires sequential timestamps
in ascending order. Data is preserved in proper
chronological order to maintain sequence and
consistency. Consistency is assessed by checking
that tracking start dates come before end dates.

ii. The consistency score shows the
percentage of data that meets this requirement,
ensuring accuracy and reliability.

iii. Enduring Long-term data storage
ensures data remains accessible and interpretable.
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Data is preserved for future use, remaining readable
and understandable. The enduring score is
determined by the presence and validity of a
certified expiration date, Score 100: The expiration
date is included and kept up to-date. Score O:
Expiration date is missing or has expired.

iv. Available this describes data's
capability to be accessible to all interested parties at
any point in its lifecycle. It supports accessibility
and enables verification by authorized personnel.
Additionally, all necessary data or records must be
available whenever an audit takes place. The
evaluation checks for a certified expiration dateto
access the report, scoring 100 if it's included and
up-to-date, and 0 if it's missing or expired.

V. Traceable Data must be traceable
throughout its entire lifecycle, encompassings tages
such as creation, processing, usage, retention, and
final disposition. The FDA issued a warning letter
on February 24, 2025, after a September 2024
inspection found data integrity related cGMP
violations. The company’s October 8, 2024,
response was deemed inadequate, leading to the
non-compliance under 21 CFRPart 211. (8)

To evaluate their implementation

Step-by-step implementation guide Implementing
ALCOA principles requires a systematic, phased
approach that addresses people, processes, and
technology ~ while  maintaining  operational
continuity.

Phase 1: Current state assessment and gap analysis
this stage begins with a comprehensive data
inventory identifying all data types, sources, and
flows. The gap analysis methodology involves
mapping existing processes against ALCOA+
requirements to identify specific compliance gaps,
with risk assessment integration helping prioritize
the most critical areas first.

Phase 2: Cross-functional team formation and
resource planning It requires representatives from
Quality Assurance, IT, Operations, and Regulatory
Affairs. Resource allocation must consider
dedicated project management, technical expertise,
training capabilities, and change management
support to address aspects of organizational
transformation.

Phase 3: Technology selection and system design
this phase focuses on solutions that automatically
maintain ALCOA+ compliance while supporting
operational efficiency. Key capabilities include
automated audit trail generation, robust user
authentication, accurate timestamp recording, and
comprehensive  backup  systems.  Electronic
validation software such as Res Q can significantly
streamline this process through built-in compliance
capabilities.

Phase 4: Pilot implementation and testing
Controlled environment testing before full
deployment. Comprehensive testing protocols must
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verify all ALCOA+ principles under realistic
conditions, while performance monitoring provides
insights for optimization.

Phase 5: Full-scale deployment and change
management Phased rollouts that prioritize critical
processes  while maintaining continuity.
Comprehensive change management activities
include extensive staff training, updated
procedures, and ongoing support systems.

Phase 6: Validation and regulatory documentation
this step demonstrates consistent compliance
through comprehensive protocols, updated quality
manuals, training records, and ongoing monitoring
procedures.

Technology requirements and solutions Modern
pharmaceutical operations require sophisticated
technology solutions that automatically maintain
ALCOA+ compliance while enabling efficient,
scalable business processes.

Traditional manual approaches are simply
inadequate for today's highly regulated, globally
distributed  pharmaceutical  operations.  Core
technology capabilities must include automated
audit trail generation that captures every system
interaction, real-time data validation that catches
errors immediately, secure user authentication
systems, and comprehensive backup and long-term
preservation capabilities.

The challenge lies in finding solutions that
integrate seamlessly with existing workflows while
providing robust compliance capabilities. Cloud-
based validation platforms like Res_Q represent a
significant advancement in ALCOA+
implementation capability. Sware's Res_Q platform
offers built-in ALCOA+ compliance controls, a
scalable architecture, and reduced infrastructure
requirements, accelerating implementation
timelines by up to 40% while reducing total cost of
ownership compared to traditional on-premises
alternatives.

What sets Res_Q apart is its purpose-built design
for pharmaceutical validation, offering automated
workflows that make ALCOA+ compliance the
natural choice rather than an additional burden. The
platform's  subscription-based model ensures
compliance capabilities remain current with
evolving regulatory requirements. At the same
time, its seamless integration with existing
pharmaceutical systems eliminates the disruption
typically associated with major technology
implementations.

International regulatory guidelines

Regulatory agencies worldwide have established
guidelines and recommendations for assuring the
reliability of data in the health care sector. These
guidelines insist on how crucial it is to keep
precise, complete, and trustworthy data throughout
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the entire span ofa pharmaceutical product's
lifecycle. Here are key regulatory recommendations
from major agencies.
1. United States Food and Drug
Administration ( FDA):
Guidelines for data integrity are provided by the
FDA through various documents, including the
"Data Integrity and Compliance With CGMP"
guidance.  The  key  principles include:
Implementing controls to maintain the integrity of
data; Performing periodic checks and data
assessments; providing training on data integrity
principles.
2. European Medicines Agency (EMA):
The EMA emphasizes data integrity in its
"Reflection Paper on GMP and Marketing
Authorization Holders" and "Good Manufacturing
Practice for Medicinal Products for Human and
Veterinary Use" guidelines. Key points include:
Implementing a quality management system that
includes maintaining the integrity of data is the
process of guaranteeing that information is original,
accurate, readable, attributable, and contemporary
(ALCOA).
3. World Health Organization (WHO):
Who guidelines, such as "Good Manufacturing
Practices for Pharmaceutical Products," emphasize
on the significance of integrityof the data. Key
recommendations include the: implementation of a
robust quality management system; conducting
regular training on data integrity principles;
Performing risk assessments to detect and address
possible problems with data integrity.
4, International Council for Harmonization of
Technical Requirements for Pharmaceuticals
for Human Use (ICH):
The ICH established recommendations addressing
data integrity, including:" ICH Q7 Good
Manufacturing  Practice Guide for Active
Pharmaceutical Ingredients" (2016)
includestheprinciplesforensuringdataintegrityinthe
manufacturingofactive
Componentsfoundinpharmaceuticals."ICHQ10
Pharmaceutical Quality System'(2008) discusses
the significance of a pharmaceutical quality system
in managing data integrity and ensuring product
quality.
5. Pharmaceutical  Inspection  Co-operation
Scheme (PIC/S):
PIC/S, an international organization which
provides instructions on good manufacturing
practices, has guidelines related to data integrity.
Recommendations include the implementation of a
data governance system; ensuring data is
comprehensive, reliable, and precise; establishing
procedures for audit trails and datar eview.
6TherapeuticGoods

6. Administration (TGA)- Australia:
The TGA provides guidance on data integrity in its
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"Good Manufacturing Practice(GMP) Clearance
for Medicines." Key recommendations include:
implementation ofa risk-oriented methodology to
ensure information integrity; ensuring secure
access controls and audit trails; conducting regular
reviews of data integrity controls.

7. Health Canada;

Health Canada's guidance on integrityof the data is
outlined in the "Good Manufacturing Practices
Guide for Drug Products.” Key recommendations
include: implementation of effective data
management and control systems; providing
training on data integrity principles; conducting
regular self-inspections to ensure compliance.

8. ANVISA-Brazil:

The National Health Surveillance Agency of Brazil
(ANVISA) emphasizes data integrity in its "Good
Manufacturing Practices Guide."
Recommendations include: Ensuring datais
reliable, accurate, and consistent; implementing
controls for electronic data systems; providing
training on data integrity principles.
9.JapanesePharmaceuticalsandMedicalDevicesA
gency (PMDA):

Data integrity receives special attention by Japan's
PMDA in their "Guideline onGMP for Drugs."
Recommendations include: implementing a quality
management system that includes data integrity
controls; conducting regular training on data
integrity principles.

10.MHRA (the UK's Medicines and Healthcare
Products Regulatory Agency):

Definitions and Industry Guidance for Data
Integrity: Offers detailed guidance on Controlling
risks, accountability for data, and expectations for
data integrity. Pharmaceutical companies are
expected to follow these guidelines to guarantee
adherence to legal standards and preserve integrity
of the data. Implementing robust quality
management systems, training programs, and risk-
based approaches are essential components of
ensuring data accuracy in the pharmaceutical
sector.(910)
Accumulatingevidenceforinconsistentoutcomesofin
tegrityassessments

To our knowledge, there are no published report
demonstrating timely assessments and consistent
out-comes after integrity concerns are raised. To
the contrary there is a growing body of published
evidence that efficiency and consistency are not
being achieved. For example, after a range of
integrity concerns were raised with publishers
about 891 clinical publications in women’s health,
resolution was achieved for only 263(30%). For the
publications with an editorial decision, there was a
median of 38 months from the time of notification
to resolution. Among publishers, the proportions of
completed assessments ranged from 0% to 78%,
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and there was marked variation in the decisions
rendered

.Six years after the fabricated research by Yoshitaki
Fujii and colleagues was identified, 20% of
affected publications were unrestricted and
additional retractions only occurred after further
notifications of journals by readers [5]. There
traction Watch website (a project of the Center for
Scientific Integrity) regularly features descriptions
of slow or absent assessments of integrity concerns
and/or  surprising outcomes. More robust
examination of publishers’ responses to integrity
concerns is possible when the same group of
concerns is notified to a group of publishers and
their journals. Here, the available evidence also
reports markedly in consistent outcomes.

After journals were notified of large amounts of
identical data in 39 clinical publications duplicate,
three triplicate, and three quadruplicate) first-
authored by the same researcher, the concerns
about 25 of the publications had not been resolved
2 years later. Of those which were resolved, four
were retracted and 10 were not retracted . When
overlapping concerns were raised about the
integrity of 10 publications by a single research
group in the clinical pain literature, four were
retracted and six had no action taken. In a set of 36
preclinical publications which featured duplicate
reporting of results, authorship transgressions, and
data discrepancies, resolution of the concerns was
achieved only for 16 (44%) after 1 year. There was
consider-able variation in the decisions reached
nine no action, three correction, four retraction , In
laboratory  science, publisher responses to
notification of a shared error these of a purportedly
inert control reagent that in fact had biological
activity were similarly inconsistent.

1. Newevidence

Our recent experience permits a stronger evaluation
of the consistency and timeliness of outcomes
amongpublishers, because we notified the same
concerns about the integrityof 172 clinical trial
publications from 2011 t02019 by a research group
witha common  author(ZatollahAsemi)to all
affected journals and publisherswith
asingleemailinJuly 2019. The concerns, which were
pervasive and applied both to the entire body of
work and toSpecific publications within it, are
published .as are the methods we used for the
integrity Assessments

We analyzed summary baseline data and
participant withdrawal information from all
publications and compared the observed
distributions for each with the expected
distributions derived from a large set of trustworthy
trial publications. We compared trial registration
information for each publication with that reported
in the linked publications. We used the 11 domain
REAP-PRAISED (Research governance, Ethics,
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Authorship, Productivity, Plagiarism, Research
conduct, Analyses and methods,Image
manipulation, Statistics and data, Errors, Data
duplication and reporting) publication
integritycheck-list to itemize concerns about many
individual publications.

Weassessed publisher responsesand outcomes5
yearslater.Ouranalyses focused on the nine
publishers which each had five affected
publications (range8—31). Collectively, they were
responsible for 148 (86%) of the affected
publications. Eight of the nine publishers are
members of the COPE; the other (Thieme) follows
policies ‘‘based on the recommendations of
COPE’’.For each publisher, email correspondence
indicated that the assessments were overseen by its
research integrity staff

The Figure (top panel) shows that the outcomes (no
editorial action, expression of concern, retraction)
varied considerably between publishers during the
5 years after they received the concerns. The
prevalence of no editorial action ranged from 0%
(Taylor & Francis) to 100% (Elsevier, Wolters
Kluwer). Oxford Academic Press and Taylor
&Francis journals retracted 75% and 100%,
respectively, of their affected papers; no other
publisher retracted O7%.Thieme and Cambridge
University Press issued notes/expressions of
concern about all of their affected papers but have
retracted none. None of the publishers has issued a
statement of reassurance that any of its affected but
unretracted publications is trustworthy.

Notification of journal readers about the existence
of integrity concerns also varied markedly among
publishers, both in timing and extent. The Figure
(lower panel) shows the time from receipt of
concerns to the issuing of any editorial notice. In
all cases, the first editorial noticewas an expression
ofconcern. Thefirst publisherto issuean editorial
notice (Springer Nature) did so 7 months after
receipt of the concerns document. In contrast, no
journal published by Wiley issued an editorial
notice until43 months after receipt of the concerns
document. Two publishers (Elsevier and Wolters
Kluwer) havenot issued any editorial notices, more
than 60 months after receiving the concerns
document. Among the seven publishers that have
issued editorial notices, four did so en masse over
afew days.

The others issued editorial notices over 6 months,
7 months, and 18 months. The nomenclature and
visibility of the expressions of concerns also
varied. Five publishers (Taylor & Francis,
Cambridge University Press, Oxford Academic
Press, Karger, and Wiley) issued notices labeled
and published as expressions of concern, 1
publisher (Thieme) issued notices labeled as
“notes of concern’’, and 1 publisher(Springer
Nature) issued notices labeled as ‘‘editors’ notes’’,
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followed by an expression of concern for two
publications. All but one of the notices labeled as
expressions of concern are listed on PubMed, but
none ofthe editors’notesornotesof concern is, 2 to 4
year after beingused

2. Implicationsandimprovements

A growing body of evidence indicates that
publishers ‘responses to notification of concerns
about the integrity of publications in their journals
are markedlyinconsistent, both in the timing and
the nature of editorial decisions. Median times to
editorial decisions typically exceed 2 years.
Equally disconcerting is the observation that, when
faced with a common set of integrity concerns
about publications from the same researchers, some
publishers decide to retract much or all of the
research and others take no action.

While some variability in time to resolution might
reason-ably be attributed to publisher case load it is
difficult to understand differences of several years
between publishers in time to resolution. If
publisher case load is a significant contributing
factor to delays of several years, it implies that
some publishers are under resourcing their integrity
efforts. Given that the time to resolution of
integrity concerns, whatever

The outcome, is often years rather than months, it
is surprising that there is such marked variation in
notification of readers that assessment of integrity
concerns is being undertaken.COPE guidance
recommends the publication of an expression of
concern if ‘‘an investigation is underway but a
judgment will not be available for a considerable
time’’ although it does not define what constitutes
a considerable time.

The National Information Standards Organization
considers that ‘‘to ensure effective communication
of expressions of concern, the same be made as
visible to readers as possible. That way, readers can
determine whether to trust the research in question
while assessments are undertaken. As things stand,
readers of the work by A semi and colleagues that
is published in affected Taylor &Francis and
Wileyjournals willknowit is untrustworthy or
potentially untrustworthy, readers of affected
Thieme and most Springer Naturejournals
willonlylearn
itispotentiallyuntrustworthyiftheyvisitjournal
websites, and readers of affected Elsevier and
Wolters Kluwer journals will not learn that it is
potentially un trust worthy.

It is not possible currently to understand why slow
and inconsistent publisher responsesto integrity
concerns occur, since those responses lack
transparency and detail. Regular posts on the
Retraction Watch website indicate that this is a
general problem. Our experience is that, despite
notification of concerns using an itemized check-
list, we never receive a point bypoint response to
the concerns, and retraction notices do not reflect




IAJPS 2026, 13 (07), 117-128

the scope and nature of the concerns raised

It is unusual to receive a copy of the authors’
responses to the concerns, or to receive a copy of
the report of an independent review if one is
obtained. In contrast, journals routinelyrequest
point bypoint responses byauthors to peer
reviewers duringmanuscript submission.
Confidencein integrityas-assessments  would
beimproved ifjournals treated integrity concerns in
a similar fashion to prepublication reviews, with
the same commitment to resourcing, intent,
efficiency, and transparency. It is unusual for a
publisher to provide reasons for prolonged and/or
inconsistent responses to those who raise integrity
concerns.

There may be multiple factors at play, including
heavy publisher workload, publisher under
resourcing, high publishing staff turnover,
substandard communication systems,in ad-equate
record keeping, uncertainties about who has
primary responsibility for components of the assess
men process, and concerns about litigation

By disgruntled authors. Each of these factors has
been invoked by publishers in their correspondence
with us about integrity concerns. It would greatly
assist the field if publishers were to audit and report
their integrity cases, including the concerns raised,
timelines, the assessments under-taken, the reasons
for the final decision, and the reasons for delays.
This could be done without compromising
confidentiality. A notable aspect of assessments
undertaken by publishers is that guidance from
COPE is very frequently
invokedaspivotalintheirmanagementofpublicationin
tegrity.Atypical communication from a publisher is
that it is ‘‘investigating the concerns in line with
guidance from COPE’’. However, the disparities in
timelines and outcomes that are observed after
integrity concerns are raised suggest either that
COPE guidance is not being properly followed by
publishers or that the guide lines themselves are
ambiguous or lack key components.

We think COPE guidance could be improved in a
number of ways to assist its membersin resolving
publication integrity concerns Numbering COPE
guidanceitems would allow specific reference to
the exact guidance being followed. Revised
guidance should prioritize what matters most to
journal readers, publication integrity, ahead of
thequestion of researcher behavior (‘‘misconduct’”)
This would reduce the need for, and reliance upon,
institutional investigations, which focus primarily
on researcher behavior and are often slow,
conflicted, incomplete and/or opaque COPE could
recommendgreater scrutiny by publishers of key
study documents and information, including raw
data, at the time of manuscript submission.

A systematic examination of individual patient
data for clinical trial reports submitted to one
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journal found that 25%-45% contained false data.
COPE could recommend early, visible, and
standardized notification of readers of the existence
and nature of important
integrityconcerns.ltcouldrecommendtime-
linesfortheresolution ofintegrityconcerns;

, drawing upon the wealth of academic expertise in
these areas. It could recommend that polishers
report how integrity assessments are under taken in
sufficient detail to permit journal readers to
understand how the final decision was reached. If
such changes were made, and publishers, whether
COPE members or not, followed the revised
guidance, it might be possible to greatly improve
the system that is responsible for assuring
publication integrity (14,15)

METHODOLOGY

Study Design

The present study on “Implementation of ALCOA
Principles for Data Integrity in Pharmaceutical
Documentation” is designed as a descriptive and
analytical review-based study. The study focuses
on understanding the importance of data integrity
and the implementation of ALCOA principles in
pharmaceutical industries. It also evaluates the role
of proper documentation practices in maintaining
compliance with regulatory guidelinessuch asGood
ManufacturingPractices
(GMP),GoodDocumentationPractices (GDP), and
data integrity requirements issued by regulatory
agencies including the FDA, WHO, EMA, and
MHRA.

The studymainly adopts a qualitative research
approach, as it involves the collection and analysis
of information from published literature, regulatory
guidelines, review articles, journals, textbooks, and
online  scientific  databases related to
pharmaceutical documentation and data integrity.
The study aims to analyze the current practices,
challenges, and strategies involved in maintaining
data integrity using ALCOAprinciples.
TheALCOAprinciples include:

AttributableLegibleContemporaneousOriginal
Accurate

In addition to ALCOA, the study also considers the
ALCOA++ principles such as Complete,
Consistent, Enduring, Available, and Traceable,
which  further  strengthen pharmaceutical
documentation systems.

This studyis non-experimental in nature and does
not involve clinical trials or laboratory
experimentation. Instead, it focuses on reviewing
and interpreting available information regarding
pharmaceutical documentation systems and data
integrity management.The
researchalsoexaminesthecausesofdataintegrityfailur
es,
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Documentation  errors,  unauthorized  data
modifications, and regulatory observations reported
in pharmaceutical industries.

The study is useful in understanding how
pharmaceutical companies maintain  reliable
documentation practices to ensure product quality,
patient safety, and regulatory compliance. It also
helps in identifying practical solutions and modern
technologies used for improving documentation
systems and audit trail management.

Sourceof Data

The data used in this study were collected from
secondary sources. Secondarydata refers to
information already published in books, journals,
research articles, regulatory guidelines, and online
databases. Various national and international
references related to pharmaceutical documentation
and ALCOA  principles were reviewed
systematically.

Themajorsources of data include:
1.ResearchArticlesandReviewPapers

Published research articles and review papers
related to data integrity, ALCOAprinciples,
pharmaceutical documentation, GMP, and GDP
were collected from scientific journals. These
articles provided information regarding
implementation practices, documentation
challenges, audit trails, regulatory observations,
and quality management systems.

2.RegulatoryGuidelines
Regulatoryguidelinesissuedbyinternationalregulator
yagencieswereusedas important sources of
information. These include:
U.S.FoodandDrugAdministration(FDA)WorldHeal
thOrganization(WHO)European Medicines Agency
(EMA)
MedicinesandHealthcareProductsRegulatoryAgenc
y(MHRA)InternationalCouncil for Harmonisation
(ICH)

PharmaceuticalnspectionCo-
operationScheme(PIC/S)
Theseguidelineshelpedinunderstandingregulatoryex
pectationspharmaceutical documentation and data
integrity systems

3.TextbooksandReference Books

Pharmaceutical quality assurance and
documentation-related textbooks were used to
collect information regarding Good Documentation
Practices, batch records, SOPs, and pharmaceutical
quality systems.

4.0nlineDatabases andWebsites

Scientific databases and authenticated websites
were used to gather updated information and recent
developments in pharmaceutical data integrity
practices. These sources include:
PubMedGoogleScholar ScienceDirectResearchGate
WHOofficialpublicationsFDAguidance documents

5.PreviousStudiesandCaseReports
Case studies related to data integrity violations,
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warning  letters, audit  observations, and
pharmaceutical inspection reports were reviewed to
understand the practical challenges faced by
pharmaceutical industries.

The collected data were carefully reviewed,
organized, and interpreted according to the
objectives of the study.

Data Collection Method

The data collection for the present study was
carried out through a systematic literature review
method. Relevant information related to ALCOA
principles and pharmaceutical documentation was
identified and collected from different published
sources.

Thefollowingsteps wereinvolved in datacollection:
Stepl: IdentificationofTopic

The topic “Implementation of ALCOA Principles
for Data Integrity inPharmaceutical
Documentation” was selected to study the
importance of documentation practices and
regulatory compliance in pharmaceutical industries.
Step2:LiteratureSearch

A detailed literature search was performed using
keywords such as: Data Integrity ALCOA
Principles Pharmaceutical Documentation Good
Documentation Practices GMP Compliance Audit
Trail Electronic Records

FDA Data Integrity Guidelines

Relevant literature published between 2019 and
2025 was collected from journals, regulatory
publications, and online databases.

Step3: Screening of Literature

The collected literature was screened based on
relevance to the study objectives. Articles focusing
on pharmaceutical documentation  systems,
ALCOA implementation, data integrity violations,
audit trails, and regulatory observations were
selected. Duplicate and irrelevant studies were
excluded to improve the quality and reliability of
the review.

Step4: Extraction of Information

Important information from selected articles and
guidelines was extracted systematically. The
extracted information included:

Definition of data integrity Principles of ALCOA
Importance of documentation

Data integrity challenges Regulatory requirements
Documentation errors Corrective and preventive
actions Electronic documentation systems
Step5:0rganizationofData
Thecollectedinformationwascategorizedintodifferen
tsectionssuchas: Introductionto data integrity
ALCOAprinciplesRegulatoryguidelinesDocumenta
tionchallengesDataintegrity violations Preventive
strategies

Moderntechnologiesfordata management

Theorganizedinformationwastheninterpretedforanal




IAJPS 2026, 13 (07), 117-128

ysisanddiscussion.

Methodof Analysis

The collected data were analyzed usinga
descriptive analytical method. The analysis was
mainly qualitative in nature and involved
interpretation of findings from published studies,
regulatory guidelines, and review articles.
Thefollowingmethodswereused during analysis:

1. ComparativeAnalysis

Different literature sources were compared to
identify ~ similarities and  differences in
documentation practices and implementation of
ALCOA principles acrosspharmaceutical
industries.

Comparisons were made regarding: Manual
&electronic documentation systems & Traditional
modern audit trail systems Regulatory expectations
of differentagencies Causes of data integrity
violations

2. ThematicAnalysis

The collected information was grouped into major
themes such as: Importance of data integrity
Documentation errors ALCOA implementation
Regulatory compliance Challenges in
pharmaceutical documentation Preventive and
corrective measures This helped in systematic
interpretation of information.

3. Evaluationof RegulatoryRequirements
The study analyzed various international regulatory
guidelines related to pharmaceutical documentation
and data integrity. The expectations of FDA,
WHO, EMA, and MHRA regarding ALCOA
principles were reviewed and interpreted.

4. IdentificationofChallenges

The analysis identified common challenges
affecting pharmaceutical documentation systems,
including:

Incomplete documentation Unauthorized data
access Data falsification Lack of employee training
Poor audit trail management Inadequate record
retention systems These challenges were evaluated
based on previous research studies and inspection
reports.

5. Assessment of Improvement Strategies

The study also analyzed different methods used by
pharmaceutical industries to improve
documentation quality and data integrity, such as:
Employee training programs Electronic
documentation systems Automated audit trails
Risk-based quality management systems Periodic
self-inspections ~ SOP  implementation ~ The
effectiveness of these strategies in maintaining
reliable pharmaceutical records was reviewed.

The final interpretation of the study was based on
collected evidence from literature and regulatory
guidance documents. The analysis helped in
understanding the practical importance of ALCOA
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principles in ensuring accurate, reliable, and
traceable pharmaceutical documentation systems.

RESULTSANDDISCUSSION:

1. ALCOA PrinciplesimprovedDatalntegrity

The implementation of ALCOA principles
(Attributable, Legible, Contemporaneous, Original,
and Accurate) significantly improved data integrity
in pharmaceutical documentation. These principles
ensured that all records were properly documented,
traceable, and reliable throughout the data lifecycle.
The study found that organizations adopting
ALCOA-based documentation practices
experienced better control over data generation,
recording, review, and retention. Improved
compliance with Good Documentation Practices
(GDP) reduced the risk of data manipulation,
missing  records, and transcription errors.
Furthermore, the extension of ALCOA to
ALCOA+ and ALCOA++ principles strengthened
data completeness, consistency, availability, and
traceability,  thereby  enhancing  regulatory
compliance and maintaining product quality and
patient safety.

2. ElectronicSystems ImprovedCompliance

The study observed that electronic documentation
systems played a vital role in improving
compliance  with  regulatory  requirements.
Electronic systems provide automated audit trails,
user authentication, timestamp recording, data
backup, and controlled access features, which
support data integrity requirements under
regulatory guidelines such as FDA 21 CFR Part 11.
Compared with paper-based systems, electronic
platforms reduce human errors, improve record
security, and facilitate real-time data verification.
Modern validation platforms and computerized
systems enable pharmaceutical organizations to
maintain accurate and reliable records while
ensuring efficient regulatory inspections and audits.

3.CommonChallenges Identified

Despite the benefits of ALCOA implementation,
several challenges affecting data integrity were
identified. =~ Common  issues include poor
documentation practices, inadequate employee
training, human errors, unauthorized data
modifications, weak quality culture, insufficient
audit trail review, and ineffective access controls.
Manual documentation systems are particularly
vulnerable to recording errors, missingentries, and
illegible records. Additionally, organizations face
difficulties in maintaining
complianceduetoevolvingregulatoryexpectationsan
dincreasing

4. AdvancedTechnologiesSupportData Integrity
The findings indicate that advanced technologies
have become essential tools for strengthening data
integrity in pharmaceutical industries.
Technologies such as blockchain, artificial




IAJPS 2026, 13 (07), 117-128

intelligence ~ (Al), automated  compliance
monitoringsystems, cloud-based validation
platforms, and electronic audit trail systems
enhance transparency, security, and traceability of
data. Blockchain technologyprovides immutable
records and end-to-end traceability, while Al-based
systems assist in detecting anomalies andensuring
compliance. These  technologies support
pharmaceutical ~ companies  in  maintaining
inspection readiness, reducing compliance risks,
and improving overall data governance. Their
adoption is expected to further enhance data
integrity management in the future pharmaceutical
environment.

CONCLUSION:

The implementation of ALCOA principles plays a
vital role in maintaining data integrity
inpharmaceuticaldocumentation. Theseprinciplesens
urethat allrecordsareattributable, legible,
contemporaneous,  original, and  accurate
throughout the product lifecycle. Proper adherence
to ALCOA requirements improves the reliability,
traceability, and quality of pharmaceutical data. It
also supports compliance  with  regulatory
guidelines and Good Manufacturing Practices
(GMP). Electronic documentation systems further
enhance data security, accessibility, and audit
readiness. Despite challenges such as human errors,
inadequate training, and system limitations,
organizations can strengthen data integrity through
continuous monitoring and employee awareness
programs. The adoption of advanced technologies
androbust quality management systems helps
minimize risks associated with data manipulation
and loss. Overall, implementing ALCOA principles
establishes a  culture  of  transparency,
accountability, and compliance, ensuring patient
safety and maintaining public confidence in
pharmaceutical products.
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