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The Critical'Role of Effective Sample e
Management in Clinical Trials

Mislabelled vials or mishandled specimens in clinical trials can
compromise data accuracy, potentially affecting patient safety
and outcomes. With increasing study size and complexity across
multiple locations and partners, accurate and consistent sample
handling is crucial.

Effective sample management necessitates a structured system to
track the diverse range of samples collected and analysed at each step
in order to maintain data integrity and adhere to stringent regulatory
and scientific requirements. Failures in sample management can
result in delayed regulatory reviews, incorrect research findings,
diminished data quality, and lost opportunities.

Consequently, clinical research teams are increasingly looking
for technology that can standardise workflows, minimise errors, and
enhance transparency throughout the entire sample lifecycle.

Common Challenges in the Sample Journey

Clinical trial sample management encompasses multiple complex
stages from collection to analysis, each with unique operational and
technical demands where even minor errors can significantly impact
data reliability.

A major recurring problem is the lack of real-time visibility during
sample transit between collection sites, testing labs, and long-term
storage. Reliance on paper manifests and basic tracking numbers,
often disconnected from lab systems, hampers efforts to monitor
sample location, condition, and deviations in real time. This lack of
timely data often leads to reactive responses to delays or temperature
fluctuations, potentially resulting in compromised or lost samples and
invalid results.

Sample labelling at the point of collection is particularly vulnerable,
especially in global trials where infrastructure and training can vary
widely? While the use of one-dimensional and two-dimensional
barcodes is now common, errors still occur when barcoding procedures
are inconsistently applied or not properly integrated with clinical
workflows. Clinical staff may still manually label vials and enter
metadata, particularly in cases where barcode systems are unavailable,
misaligned with protocols, or not correctly linked to a LIMS. Smudged,
incomplete, or improperly formatted labels often go unnoticed until
samples reach the lab, at which point resolving discrepancies becomes
more difficult. These early-stage issues can lead to misidentification,
unusable samples, and delays that disrupt trial timelines.

Storage and inventory management present further challenges.
Samples are often stored for extended periods under tightly
controlled conditions to maintain stability, but inventory errors or
environmental control lapses can render samples unusable and
jeopardise study integrity.

Accuracy and thorough documentation are paramount during
processing and analysis. Every step, including reagent application and
instrument usage, must be recorded and traceable. Deviations from
standard procedures require logging and justification. However, many
labs still rely on inconsistent manual record-keeping. Incomplete
records can hinder verification or retesting, potentially compromising
data quality, increasing audit risks, and leading to regulatory findings
if protocol compliance cannot be demonstrated.

Finally, the lack of system integration exacerbates all these
problems. Sample data is often fragmented across various platforms,
creating administrative burdens and hindering real-time oversight.
Sponsors and CROs often lack a unified, reliable source of information
regarding sample location, handling, and protocol adherence, directly
impacting study outcomes and regulatory confidence.

Harnessing Technology to Improve the Sample Journey

To overcome these difficulties, many clinical trial teams are adopting
Laboratory Information Management Systems (LIMS) and integrated
digital tools.® These solutions automate routine tasks, ensure end-to-
end sample quality, and maintain traceable records.

Such systems offer a central platform for managing and analysing
sample data throughout its lifecycle. By automating data entry, labs
can decrease human errors, standardise procedures, and maintain
consistent documentation. Real-time updates allow all stakeholders
to have an accurate, shared view of progress as samples are scanned,
logged, and transferred between users or departments.

Lab Informatics Supports Sample Management in Clinical Trials
Modern LIMS are essential for maintaining consistency and control
throughout the entire sample lifecycle. Each sample is assigned a
unique digital identifier and meticulously tracked from its collection
through storage to its final disposal. These systems automatically
record critical information such as dates, locations, personnel
involved, and actions performed, establishing a clear and auditable
chain of custody. This rigorous tracking helps laboratories meet
stringent regulatory standards like GCP and FDA 21 CFR Part 11.

A critical feature enabling this traceability is barcoding. Barcodes,
either one-dimensional or two-dimensional, are applied at collection
and linked to LIMS records, enabling automated data capture at each
handoff and streamlining identification. This automated data capture
at each transfer point significantly streamlines sample identification,
minimises transcription errors, and allows authorised personnel
across different departments to easily update sample information
via scanning. Barcoding also enhances inventory management
by providing alerts for low stock levels and simplifying audit
preparations.

The adoption of LIMS can have evident practical benefits in
various real-world scenarios. For instance, a laboratory grappling with
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issues of misidentified samples could implement a dedicated LIMS
to automate labelling and tracking. This would result in a significant
reduction in manual handling, improved data reliability, and more
efficient overall lab operations. Similarly, in other scenarios, by
successfully transitioning from disparate legacy systems to a unified,
modern LIMS, this integration would streamline workflows, lower
maintenance costs, and provide laboratory managers with real-time
visibility into production and performance metrics across all sites and
instruments.

Third-party laboratories handling substantial sample volumes
often encounter challenges with inconsistent workflows. This issue
could be addressed by implementing a LIMS to automate repetitive
tasks and ensure adherence to regulatory requirements. This would
lead to faster turnaround times and greater consistency across diverse
projects.

The Future of Sample Management in Clinical Trials

The integration of artificial intelligence (AI) is emerging as a promising
advancement in sample management, especially with the rise of
decentralised trials and increasing data volumes. Unlike traditional
LIMS systems focused on past events, Al offers capabilities to predict,
prevent, and optimise future processes.*

AT's application in predictive analytics is particularly significant.
By examining historical LIMS data, Al tools could identify patterns,
such as sample types susceptible to degradation under specific
conditions. This enables proactive adjustments to storage protocols,
enhancing planning and preventing the loss of valuable materials.

Beyond prediction, Al could optimise workflows by detecting
inefhiciencies like processing bottlenecks or underutilised equipment,
allowing for better resource allocation and increased throughput.
In quality control, Al can automatically review sample records
for anomalies or missing information, alerting users to potential
problems before they impact results or compliance.

In reporting, Al can distil complex datasets into concise
summaries, enabling faster decision-making across trial phases and
study sites.

The future of sample management involves enhanced
connectivity through the integration of LIMS with other platforms,
including SDMS, EHRs, and cloud-based data lakes. This will provide
scientists with richer, real-time context for interpreting results. Al
will increasingly leverage this integrated data to support real-time
monitoring, risk assessments, and adaptive workflows.

Despite these advancements, challenges such as data
standardisation across laboratories, LIMS  interoperability,
and validation within regulated settings need to be addressed.
Nevertheless, with a strong data foundation provided by LIMS, AI
holds the potential to transform sample management from a reactive
approach to a proactive and dynamic function.

Building a Robust Foundation for Clinical Trials

Effective sample management is critical to maintaining the
integrity and reliability of clinical trials. Errors such as mislabelling,
undocumented handling steps, or missing data can jeopardise study
timelines, compromise data confidence, and pose risks to scientific
validity.

A modern LIMS acts as the backbone of a clinical research
environment, digitally capturing every step from sample collection
to analysis and disposal and assigning each specimen a unique

identifier tied to detailed metadata. This helps ensure that no sample
is misplaced, mislabelled, or improperly processed.

As discussed, a core feature is barcoding, which simplifies
identification, supports accurate tracking, and reduces transcription
errors. Whether using one-dimensional or two-dimensional barcodes,
labs can scan samples at each handoff, automate data capture, and
enable real-time visibility across departments. This not only improves
collaboration but also ensures inventory accuracy and supports
compliance with audit requirements.

LIMS platforms also integrate with laboratory instruments and
other software and storage solutions to give broader visibility across
teams and increase the speed of data analysis and reporting. The
ability to monitor storage conditions, track instrument calibration,
manage reagent usage, and enforce procedural SOPs from a single
system reduces errors and improves regulatory readiness.

While a variety of sample management tools exist, many fall
short by operating in isolation, lacking integration with instrument
data, workflow tracking, or broader lab systems. These disjointed
solutions can limit transparency and increase the risk of errors. What
distinguishes a modern, integrated LIMS is its ability to bring together
all aspects of lab operations on a unified platform. Sample management
is a central component, but its value is amplified when combined with
connected data flows, real-time monitoring, and predictive capabilities
through Al This integration is what transforms LIMS from a digital
record-keeper into a strategic tool that supports higher quality,
efficiency, and reliability in clinical research.
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