Abhishek Pawar, Int. J. of Pharm. Sci., 2025, Vol 3, Issue 5, 824-829 [Review

INTERNATIONAL JOURNAL OF

PHARMACEUTICAL SCIENCES
[ISSN: 0975-4725; CODEN(USA): 1JPS00]
Journal Homepage: https://www.ijpsjournal.com

Review Paper

Impact Of Data Integrit on Pharmaceutical Industry ALCOA,

ALCOA+, ALCOA++

Abhishek Pawar*, Ashish Kumar, Abhishek Shrivastava, Dr. Jitendra Banweer

SAGE University Bhopal

ARTICLE INFO ABSTRACT
Published: 05 May 2025 As well as being crucial for compliance reasons, ALCOA+ principles are becoming
Keywords:

ALCOA, ALCOA+,
ALCOA++, New Changes
Data, GDP

DOI:
10.5281/zenodo0.15344828

increasingly important to GMP (Good Manufacturing Practices). Their relevance is also
growing as manufacturers in the life sciences sector continue to implement Industry
solutions and processes. changed, duplicated, or moved. In terms of data integrity, data
refers to all original records, including source data and metadata, whether they are kept
on paper or electronically. ALCOA was suggested by various regulatory organisations,
including the USFDA, Health Canada, and EMEA, to ensure the integrity of the data

Attributable, Legible, Contemporaneous, Original and Accurate.

INTRODUCTION

Data integrity is the assurance that digital
information is uncorrupted and can only be
accessed or modified by those authorized to do so
Data integrit key is not a single product, platform
or tool. Instead, it's a comprehensive environment
that's created through an array of applicable
standards, rules, processes and procedures that are
implemented across an organization's
infrastructure and observed by its employees,
partners and users Like any documents we are use
on pharmaceutical industry that follows GDP(
Good Document practices) data integrity as part of
GDP. The more morally successful a firm is likely

to become, the more data integrity it has. The
quality of records and evidence is compromised by
weak data integrity procedures and vulnerabilities,
which may eventually affect the quality of
pharmaceuticals. All components of the Quality
Management System must adhere to the principles
of data integrity, and both electronic and paper-
based systems may generate data. The
manufacturer or distributor that is being inspected
is accountable for effective data management and
integrity practises. In order to ensure that data
integrity is maintained, they have a complete
responsibility and an obligation to evaluate their
data management systems for any weaknesses and
take action to establish and implement appropriate
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data governance processes. Attributable, Legible,
Contemporaneous, Original and Accurate is a
technique that can help ensure paper and electronic
data are compliant with FDA Regulations and
Guidances. The ALCOA technique can help
providean audit trail that captures details such as
additions, deletions, or alterations of information
in an electronic record without obscuring the

original record. Audit trails facilitate the
reconstruction of the details to the electronic
record.

PRINCIPLE :

The ALCOA principles were developed by the
FDA in the 1990s. They are used to ensure the
accuracy, reliability, completeness of data.

Attributable

Legible

Contemporaneous

Original

. Accurate

This the five basic principles work on data
integrity this was first time introduced by FDA on
1990 on india pharmaceutical industry/company.
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Attributable

All paper and electronic data must be attributable
to the person generating the data including who
performed an action and when. Attributable can be
accomplished by according manually by initialing
and dating a paper record or by audit trail in an
electronic system.

Legible

All paper and electronic data must be legible and
permanent. Ensuring records are legible and
permanent assists with its accessibility throughout
the data lifecycle including the storage of paper
and electronic data.

Contemporaneous
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Contemporaneous means to record the paper or
electronic data at the time it is performed. Date and
time stamps should glow in order of execution for
the data to be predible. Data should never be back
dated, or forms completed with expected results
prior to execution.

Original

Original data is the paper or electronic medium in
which the data point is initially recorded including
protocol, form, notebooks, spreadsheet, database,
or software application. Understanding where the
original data is generated to ensure content and
meaning are preserved.

Accurate

For paper and electronic data to be accurate, the
data should be free from errors, complete, truthful,
and reflective of the observation. Editing should
only be performed by using the principles of GDPs

Implementation of ALCOA++

1. Attributable: Ensure Data is Traceable to
Its Source

Technique: Implement robust user authentication
and audit trails in electronic systems. Use unique
user IDs, electronic signatures, and role-based
access controls to track who performed an action
and when.

Improvement: Deploy digital platforms like
ValGenesis or Kneat Gx that automatically log
user actions, preventing unauthorized access or
unattributable data entries.

2. Legible: Maintain Readable and

Permanent Records

Technique: Use digital preservation techniques to
ensure data remains readable over its lifecycle.
Store data in non-editable formats (e.g., tamper-
resistant  binary-checksummed  files  like
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Eurotherm’s UHH format) and avoid degradable
media like temperature-sensitive paper.

Improvement: Implement document
management systems (e.g., ldeagen Quality
Management) with version control and audit trails
to ensure legibility and traceability of changes.

3. Contemporaneous: Record Data in Real
Time

Technique: Use automated data capture systems
with timestamp synchronization (e.g., via Simple
Network Time Protocol servers) to ensure data is
recorded as actions occur.

Improvement: Train employees to avoid
temporary records (e.g., sticky notes) and use
validated systems that enforce real-time
documentation.

4. Original: Preserve Primary Data Sources

Technique: Maintain original records or certified
true copies using digital archiving systems. Avoid
transcription errors by eliminating manual data
transfers.

Improvement: Use platforms like Tulip to
digitize production records, ensuring original data
is preserved with metadata documenting its origin.

5. Accurate: Ensure Error-Free Data

Technique: Implement quality control measures
like automated data validation and calibration of
instruments to ensure accuracy. Use high-accuracy
inputs and regular sensor checks to prevent
measurement drift.

Improvement: Adopt Al-driven tools to verify
data accuracy, such as automated chromatographic
analysis in pharmaceutical testing, reducing
human error.

6. Complete: Document All Relevant Data
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Technique: Ensure all data, including metadata,
repeat tests, and reanalyses, is captured. Use

systems with mandatory fields to prevent
omissions.
Improvement: Implement electronic  batch

records that enforce complete documentation, as
offered by PSC Biotech or Quanticate’s clinical
data management solutions.

7. Consistent: Maintain Chronological Order

Techniques: Use systems that enforce
chronological documentation with consistent
timestamps across all records.

Improvement: version control and change
management to ensure updates are reflected
consistently across all documentation.

Standardize processes to ensure data aligns with
the sequence of events.

8. Enduring: Ensure

Availability

Long-Term Data

Techniques: Use robust backup systems, disaster
recovery plans, and uninterruptible power supplies
to prevent data loss.

Improvement: Store data in tamper-resistant
formats with long-term compatibility (e.g.,
Eurotherm’s UHH files).

Conduct periodic data integrity checks to ensure
records remain intact over decades.

9. Available: Enable Easy Access for Audits

Techniques: Implement searchable data storage
systems with metadata indexing to facilitate quick
retrieval.

Improvement:Use centralized digital platforms
(e.g9., Kneat Gx, Tulip) to provide authorized
personnel with immediate access to records.
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Ensure access controls and audit trails log all data
retrievals to maintain security and transparency.

10. Traceable: Maintain a Robust Audit Trail

Techniques: Deploy systems that create
comprehensive audit trails to track all data actions
(additions,  deletions, modifications)  with
timestamps and user details.

Improvement: Integrate Requirements
Traceability Matrices (RTMs) to link data to its
lifecycle processes, enhancing traceability.

ALCOA++ mitigates risks of intentional or
accidental data falsification

e Attributable records link actions to specific
individuals or systems, deterring fraud.

e Consistent and contemporaneous
documentation  prevents backdating or
inconsistent records, common issues in FDA
warning letters.

e Secure systems ensure data integrity against
tampering, critical in cloud-based or loT
environments .

Regulatory Importance :

e ALCOA++ aligns with FDA’s 21 CFR Part
11, EMA’s GxP guidelines, and ICH E6 (R3),
ensuring compliance in clinical trials,
manufacturing, and quality control.

e Regulatory agencies like FDA and EMA
scrutinize data integrity, issuing warning
letters for violations (e.g., incomplete records,
lack of audit trails) (,).

e The framework supports a quality culture,
emphasizing traceability and Addresses
Challenges of Digital Transformation

e Modern data systems, including electronic
records, cloud storage, and Al/ML, introduce
complexities that ALCOA++ addresses:
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e Legible and enduring data ensures long-term
accessibility despite technological changes
(e.g., preserving records for 10+ years.

e Secure data protects against cyber threats and
unauthorized access, a growing concern in
digital environments.

e Traceable records track data lifecycle
changes, crucial for validating Al-driven
insights or automated processes .

e Example: The 2024 State of Validation Report
notes 83% of firms adopt digital solutions to
meet ALCOA++ standards, reflecting its
necessity in digitized workflows .

e Prevents Data Manipulation and Fraud

Implementation of ALCOA data integrity

e Tighter controls on electronic systems
(advanced audit trails, electronic signatures
validation)

e Mandatory audit trail reviews at regular
intervals (not optional anymore)

e Cloud service providers (SaaS) must also
comply with GxP expectations — you’re
responsible even if 3rd-party.

e Increased focus on "metadata integrity" — not
just the data but information about the data
must be complete and untouched.

e Process mapping for data flow — showing
exactly how raw data moves through your
system to final reports.

e Automated validations and triggers for
deviations in data handling.

e Use of AI/ML (where used) must be validated
for data integrity compliance.

e Cultural change — regulators now expect
companies to build a "data integrity culture”,
not just technical fixes Practical Steps for
Adoption

e Pilot Al and Blockchain: Start with small-
scale pilots for Al anomaly detection or
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blockchain-based audit trails in critical
systems like eTMF or LIMS.

Upgrade Cybersecurity: Implement Zero
Trust and MFA across all data platforms,
validated for 21 CFR Part 11 compliance.
Enhance Metadata: Retrofit existing systems
with advanced metadata tagging for better
traceability and audit readiness.

Automate Validation: Adopt continuous
validation tools to streamline compliance
during system updates.

Revamp Training: Introduce gamified
ALCOA++ training to improve staff
engagement and reduce errors.

Monitor in Real-Time: Deploy dashboards for
live tracking of ALCOA++ metrics,
integrating with quality management systems.

CONCLUSION

Improving ALCOA++ data integrity involves a
combination of technology adoption, process

optimization, and cultural

reinforcement. By

automating data capture, strengthening audit trails,
and fostering accountability, organizations can
reduce risks, ensure compliance, and enhance
product quality. Start with a gap assessment to
prioritize actions, leverage tools like LIMS or
QMS, and maintain continuous monitoring to
sustain improvements.
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