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Abstract: Cell therapy is transforming personalized medicine by enabling the use of patient-derived
cells to treat complex and previously incurable diseases. However, the supply chain underpinning cell
therapy is uniquely sensitive, requiring strict control of time, temperature, identity, and traceability.
Within this context, deviations—any departures from approved protocols—present serious risks. When
deviation closures are delayed, the resulting quality holds, patient rescheduling, and cold chain storage
issues introduce inefficiencies and escalate costs. This paper explores the structural impact of deviation
closure timelines on end-to-end cell therapy supply chains and proposes a technology-driven solution
to accelerate resolution. Through integration of artificial intelligence, loT-based monitoring, and digital
quality systems, deviation closure durations can be reduced from 30—45 days to under 10 days. This
shift not only enhances regulatory compliance but also compresses supply chain lead time, enabling
faster patient access, lower holding costs, and improved production scalability.
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INTRODUCTION:

The emergence of autologous cell therapy as a mainstream treatment for hematologic malignancies and rare
diseases has reshaped supply chain paradigms. Unlike conventional pharmaceutical products manufactured
in bulk and stored in distribution centers, cell therapies are patient-specific and time-bound, with
manufacturing windows often limited to 5—7 days [1]. Any deviation from the standard operating procedure
(SOP) during this delicate process can compromise safety, efficacy, or traceability.

Deviation management—the process of identifying, investigating, and closing such exceptions—is an
essential part of maintaining Good Manufacturing Practices (GMP). Regulatory bodies such as the U.S. Food
and Drug Administration (FDA) and the European Medicines Agency (EMA) require that deviations be
investigated thoroughly and resolved in a timely manner [2], [3]. However, industry surveys and internal
audits show that many life sciences companies still take 30 to 45 days to fully close a deviation [4].

In the context of cell therapy, this delay is more than a regulatory concern. It affects operational velocity,
patient scheduling, batch release timing, and cold chain performance. Prolonged deviation closures can extend
supply chain lead time by two to three weeks, leading to downstream scheduling conflicts, wasted resources,
and increased risk of therapy failure [5].

This paper investigates the link between deviation closure timelines and supply chain efficiency in cell
therapy. It details a current-state process map, quantifies the negative impact of extended closures, and
proposes a technology-enabled future state. In-text references are used throughout to support claims, and
visual diagrams are included to compare present vs. future workflows.
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CHALLENGES ASSOCIATED WITH PROLONGED DEVIATION CLOSURE TIMELINES:
Following are the impacts of longer lead time from deviation creation to closure:

A. Supply Chain Bottlenecks Due to Delayed Deviation Closure:

In typical cell therapy workflows, once a deviation occurs—whether it is due to a temperature excursion
during shipping, an equipment failure in the cleanroom, or a labeling inconsistency—the associated batch is
placed on hold. These holds prevent the batch from proceeding to final release, resulting in extended cold
storage, patient rescheduling, and idle inventory [6]. Unlike traditional drug manufacturing environments
where deviations may not directly interfere with specific patient timelines, cell therapy's patient-linked
manufacturing model means that any quality delay translates to a direct postponement of medical intervention.
Such delays affect not just operational KPIs but also patient outcomes.

From a supply chain standpoint, this delay extends the end-to-end lead time between patient cell collection
and final infusion. With each day of delay, the risk of viability loss increases, cold chain costs rise, and clinical
schedules are disrupted [7]. In a field where batch turnaround is often expected within 10—15 days from vein-
to-vein, adding 30—45 days due to unresolved deviations is catastrophic to continuity. This additional lead
time leads to extended cryopreservation, increased storage and logistics costs, and heightened risk of lot expiry
or discard.

Moreover, this delay affects downstream planning in logistics and clinical operations. Treatment schedules
often need to be coordinated weeks in advance with clinical sites, infusion centers, and patients. If deviation
closures are not aligned with these timelines, therapy slots are lost, patients are deferred, and providers lose
confidence in the therapy program's reliability. Studies indicate that in many commercial cell therapy
programs, up to 15% of scheduled infusions are rescheduled due to delayed QA release—often tied to open
deviations [8]. These inefficiencies compound the complexity and fragility of cell therapy logistics,
necessitating a more responsive deviation management framework.

B. Quality System Inefficiencies:

Deviation management in most life sciences organizations still relies heavily on manual documentation,
sequential approvals, and email-based collaboration. This results in poor visibility, delayed handoffs, and
inconsistent root cause analyses. According to ISPE benchmarks, over 60% of deviations are not closed within
the 30-day timeline required by internal quality policies or regulators [9].

These delays also reduce capacity in QA/QC departments, as investigators are forced to manage a backlog of
old deviations rather than focusing on prevention or process optimization. Repeat deviations occur more
frequently when CAPAs are not implemented quickly, compounding the operational burden [10].

C. Regulatory Risks:

Both the FDA and EMA have cited delayed deviation closures in Warning Letters and audit findings.
Inadequate deviation timelines are interpreted as a lack of quality oversight, raising concerns about data
integrity, product safety, and management commitment [11]. To mitigate this, many companies set internal
goals to close all deviations within 30 calendar days, though few meet this target consistently.

RECOMMENDED SOLUTION:
Following is the recommended workflow:

CAPA
Recommentaion
Engines

Integrated

Quality and Al-Based loT-Enabled

Deviation Data Collectiol
Triage

Operational
Systems

Dashboards
and SLA
Alerts

A. Integrating Quality and Operational Systems:

The foundation of an accelerated deviation management framework is seamless integration between digital
quality systems and operational data streams. In traditional setups, deviation documentation begins in a
disconnected quality management system (QMS), which requires manual population of critical data—such as
batch identifiers, operator names, equipment logs, and environmental monitoring results. This disconnection
causes latency between event occurrence and logging, as staff must retrieve and compile information from
various systems. By contrast, an integrated system approach allows for automatic data capture and direct
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synchronization between QMS, Manufacturing Execution Systems (MES), logistics tracking platforms, and
Laboratory Information Management Systems (LIMS).

For instance, if a deviation is related to an environmental parameter breach during the cell expansion phase,
the corresponding MES can push real-time temperature and CO2 concentration data directly into the QMS
deviation record. Likewise, EBR (Electronic Batch Record) systems can auto-populate timestamps, shift logs,
and lot genealogy, reducing the administrative workload and ensuring higher data integrity. Such integration
also allows digital workflows to route deviations dynamically based on event type and severity, rather than
following rigid manual workflows that often delay triage. According to Veeva Systems, clients who integrated
MES and QMS platforms achieved a 30—35% reduction in deviation initiation time and 50% faster QA review
cycles [12]. Artificial Intelligence (AI) can be used to assess deviation severity, risk class, and likely root
cause based on historical data. Tools like NLP (Natural Language Processing) can analyze deviation
descriptions and match them with historical cases, suggesting both root causes and appropriate CAPAs. A
pilot program conducted by a leading biotech firm reported a 42% reduction in triage time and a 31%
improvement in CAPA effectiveness when Al models were introduced [13].

B. Al-Based Deviation Triage:

Artificial Intelligence (AI) has emerged as a transformative force in life sciences, and its application in
deviation triage is especially promising for cell therapy manufacturing. The traditional deviation triage
process is time-consuming, error-prone, and highly dependent on the investigator’s individual judgment. Al-
based triage addresses these issues by leveraging historical deviation patterns, severity trends, and machine
learning algorithms to rapidly classify events and route them accordingly.

At the heart of this solution is supervised machine learning, trained on previously closed deviations. The
algorithm learns to identify key linguistic patterns, such as terms indicative of temperature excursions (“cold
chain breach,” “overexposure”), mislabeling (“patient ID mismatch”), or process drift (“flow cytometer
failure”). Natural Language Processing (NLP) engines then parse newly entered deviations in real time,
comparing them to prior events and scoring them on risk factors, urgency, and regulatory exposure.

For example, in a deviation that reads: “Patient bag labeled incorrectly during cryo wrap,” the NLP system
would flag high severity due to potential chain-of-identity (COI) breach, classify it as a critical deviation, and
recommend immediate escalation to QA leadership. It may also highlight past deviations with similar
narratives and link to successful CAPAs, such as barcode validation checks or dual-verification protocols.

A pilot conducted by IBM Watson Health for a biopharma client demonstrated that integrating Al into triage
workflows reduced triage time by 42%, with a 31% increase in appropriate severity classification, compared
to manual workflows [13]. Furthermore, the predictive model reduced variability in how different
investigators classified similar deviations, improving standardization.

Al triage systems also enable auto-prioritization queues. Events likely to impact product safety or patient
delivery are immediately escalated, while lower-tier GMP deviations (e.g., gowning violations without
exposure) are routed into streamlined workflows. This prioritization is essential in environments like cell
therapy where real-time decision-making is crucial due to the short shelf-life and narrow infusion windows
of the final product.

Additionally, Al-powered triage tools reduce the cognitive burden on QA investigators by summarizing
incident metadata—batch number, lot genealogy, timestamp, personnel involved, and linked process steps—
all of which are scraped automatically from integrated MES or EBR systems. This allows investigators to
spend less time gathering context and more time verifying root cause.

Critically, this approach also benefits regulatory alignment. By reducing subjective variability in deviation
classification and ensuring risk-based routing, organizations strengthen their defensibility during inspections.
Regulators such as FDA and EMA have increasingly emphasized the importance of timely and risk-
appropriate deviation handling [2][3]. Al supports this goal by enabling real-time escalation and ensuring that
critical deviations do not age unaddressed in QA queues.

Moreover, Al models continue to improve over time through retraining. As more deviations are closed and
CAPAs evaluated, the model gains better insight into successful resolutions and can optimize future
recommendations. This creates a feedback loop in which quality performance incrementally improves across
the organization.

IJIRMPS2504232653 Website: www.ijirmps.org Email: editor@ijirmps.org 3



https://www.ijirmps.org/

Volume 13 Issue 4 @ Jul - Aug 2025 IJIRMPS | ISSN: 2349-7300

In summary, Al-based deviation triage reduces time to classification, improves decision quality, enhances
compliance, and boosts investigator efficiency. When deployed within an integrated deviation management
platform, it becomes a foundational capability that enables faster batch release, leaner QA staffing, and more
agile supply chain execution—critical advantages in the high-stakes world of personalized medicine.

C. IoT-Enabled Data Collection:

One of the most critical components of ensuring timely deviation detection and resolution in cell therapy
supply chains is leveraging Internet of Things (IoT) technologies for data collection and monitoring. Cell
therapy logistics involve highly sensitive biological materials that must be maintained under strict
temperature, vibration, and timing conditions. Even minor excursions outside of predefined thresholds can
result in the loss of therapeutic viability or require costly remanufacturing. IoT-enabled devices, when
strategically embedded into logistics containers and storage units, can provide continuous visibility into
environmental conditions, enabling real-time deviation detection and evidence-based root cause analysis.
These IoT devices include temperature loggers, GPS-enabled trackers, shock sensors, and humidity monitors
that can transmit data continuously to centralized cloud-based platforms. In case of a deviation, such as a
temperature breach during a cryogenic shipment, the system automatically flags the incident, generates a
deviation entry in the eQMS, and attaches all relevant environmental and transit data. This automated incident
capture drastically reduces the time needed to collect supporting evidence and eliminates the risk of human
transcription errors.

Integration of IoT systems with the QMS platform is vital to realize these benefits. For example, Cryoport
Inc. reported a 35% reduction in deviation investigation time when their logistics monitoring system was
directly linked with the quality platform, allowing immediate data transfer upon deviation detection [14]. The
embedded analytics in these systems also provide event heat maps, predictive risk scoring, and deviation
frequency trends that help identify systemic issues such as recurring packaging faults or transit delays linked
to specific geographies.

Additionally, these tools can aid in proactive deviation prevention. By analyzing patterns such as increasing
vibration incidents on certain delivery routes or delayed customs clearance at particular ports, supply chain
teams can reroute or renegotiate vendor contracts. In regulated environments, the presence of immutable [oT
logs enhances data integrity, a key focus area during regulatory audits.

IoT-based data collection is not only a technological upgrade but a foundational pillar for building a predictive
and resilient cell therapy supply chain. The ability to correlate operational signals with quality triggers allows
organizations to shift from reactive to proactive deviation handling—thereby reducing overall lead times,
enhancing patient safety, and lowering operational risk. In cell therapy logistics, cold chain monitoring is
essential. loT-enabled sensors capture real-time data on temperature, vibration, humidity, and location. When
integrated with eQMS platforms, these sensors can automatically flag deviations and populate them with
validated environmental data. This reduces investigation time and provides a defensible data trail for auditors
[14].

D. CAPA Recommendation Engines:

Corrective and Preventive Actions (CAPAs) are central to the deviation lifecycle in a GxP environment,
serving as the mechanisms by which root causes are addressed and recurrence is avoided. However, in most
current-state systems, CAPA development is ad hoc, relying on investigator experience, historical recall, and
subjective assessment. This inconsistency not only leads to inefficiencies in closure but also introduces
variation in quality across different teams or sites.

Al-based CAPA recommendation engines aim to resolve this gap by using structured learning algorithms to
propose CAPAs based on historical outcomes. These engines are trained on thousands of previously closed
deviations, each tagged with event type, root cause, CAPA applied, time to resolution, and recurrence rate. By
comparing new deviation descriptions with historical data, the system can suggest appropriate CAPAs that
have been successful in similar contexts.

For instance, a deviation involving a mislabeling incident may be matched with prior cases that involved
similar labeling workflows. The recommendation engine might then suggest retraining personnel,
implementing barcode scanning checks, or revising SOPs to include double verification steps. According to
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MasterControl, organizations using these tools achieved a 40% reduction in CAPA drafting time and a 20%
increase in first-time-right CAPA effectiveness [15].

Another key advantage of these systems is the creation of CAPA libraries. These libraries contain pre-
approved CAPAs that can be linked directly to deviation categories. Investigators can select from a drop-down
of validated actions, ensuring consistency and speeding up approval timelines. This process also enhances
audit readiness, as CAPAs are no longer just reactive documents but standardized, traceable components of
the QMS.

Furthermore, CAPA recommendation tools often come with built-in effectiveness tracking. By monitoring the
performance of implemented CAPAs over time—i.e., whether the same deviation recurs or the resolution
timeline improves—the engine continues to refine its recommendations. This iterative learning ensures that
the CAPA system improves dynamically, keeping pace with evolving operational realities.

In cell therapy, where manufacturing processes are novel and evolving, such tools provide institutional
memory and procedural continuity, even as new staff or technologies are introduced. Ultimately, Al-powered
CAPA recommendation engines represent a shift from tribal knowledge-based decision-making to data-driven
quality assurance.

E. Dashboards and SLA Alerts:

Dashboards and SLA (Service Level Agreement) alerts play a pivotal role in transforming deviation
management from a reactive, back-office task into a proactive, enterprise-wide performance driver. In the
absence of centralized visibility, deviations can remain buried in investigator queues, pending review or
approval for weeks, often overlooked until the batch is already delayed or the clinical window missed. A real-
time dashboard system that tracks deviation age, ownership, status, and severity gives cross-functional teams
the power to intervene early and stay aligned.

The core value of dashboards lies in their ability to visualize deviation metrics in real time. This includes open
versus closed deviations by site, time-to-closure performance across departments, number of overdue
investigations, frequency of recurring deviation categories, and CAPA implementation effectiveness. These
visualizations empower quality leadership to identify bottlenecks and prioritize resources, while also giving
supply chain and manufacturing leads foresight into potential QA-related delays.

SLA alerts enhance accountability by sending automated notifications when a deviation approaches or exceeds
predefined closure timelines. These can be tailored by deviation severity—e.g., critical deviations may have
a 10-day SLA, while minor GMP events may have 30 days. Escalation protocols ensure that aging deviations
trigger supervisor-level attention, preventing silent backlogs.

According to BioPhorum’s best practice guide, companies that implemented real-time deviation dashboards
coupled with SLA-based alerting achieved a 40% reduction in deviation aging and a 25% improvement in on-
time batch release [16]. Moreover, role-based dashboards—customized for QA leads, investigators, site heads,
and global quality executives—enable targeted decision-making rather than forcing users to wade through
system-wide data.

These dashboards can also serve as historical quality performance archives, supporting audit readiness. They
provide real-time access to closure rates, deviation categories, and investigator efficiency metrics. During
regulatory inspections, this level of operational control provides clear evidence of a well-governed quality
system.

Ultimately, dashboards and SLA alerting systems provide the transparency, traceability, and timeliness
required to bring deviation management into strategic alignment with cell therapy’s just-in-time, patient-
centric supply chain

USES:

The benefits of this approach extend across multiple business functions and contribute significantly to the
overall maturity of the quality system, efficiency of clinical operations, and scalability of supply chain
performance. Each stakeholder in the cell therapy lifecycle—from QA leads and investigators to supply chain
planners and clinical site managers—stands to gain substantial value from implementing an integrated,
intelligent deviation management solution.
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A. Quality Management:

In quality departments, the most immediate impact is seen in the reduction of manual tasks, improved data
integrity, and faster turnaround for deviation investigations. Al-based triage tools reduce classification errors,
while integrated systems enable automatic population of deviation records with batch IDs, timestamps, and
environmental data. This minimizes transcription errors and enables investigators to focus on analytical tasks
rather than administrative work. As demonstrated by ISPE’s deviation metrics analysis, organizations that
digitize quality workflows observe a 50% increase in first-pass closure rates and a 40% reduction in deviation
recurrence within six months [9].

Moreover, the use of CAPA recommendation engines ensures consistency in root cause resolution. Instead of
relying on investigator discretion or memory, investigators can use pre-validated resolution templates
suggested by Al models. According to MasterControl’s 2023 benchmarking report, this approach improves
audit preparedness, since deviation records are not only closed in time but supported by structured CAPAs
tied to verified root causes [15].

Additionally, dashboards and SLA alerts allow QA leads to monitor deviation age, closure performance, and
investigator workload in real time. This visibility enables proactive resource reallocation and quicker
escalation of critical issues. During audits, the ability to demonstrate control over deviation lifecycle
management significantly improves regulatory confidence.

B. Operations and Manufacturing:

For manufacturing operations, an efficient deviation system means reduced unplanned downtime and
improved batch flow continuity. Delays in deviation closure can result in batch holds that slow down
manufacturing sequences or lead to blocked cleanroom space. By accelerating investigation cycles and
enabling real-time visibility, operations managers can better plan batch scheduling, reduce equipment idle
time, and prevent overlapping capacity conflicts.

The system also supports continuous improvement by identifying trends across deviation types. For example,
if multiple deviations relate to a specific centrifuge model or gowning procedure, the quality team can initiate
systemic retraining or equipment recalibration. This upstream action prevents repeated delays and increases
overall manufacturing yield. According to Swaminathan et al., such proactive measures in cell therapy
facilities improve lot release timelines by 25% and reduce batch failure risk [7].

C. Supply Chain Planning:

The most strategic advantage of accelerated deviation management lies in its impact on supply chain lead
time. Each day saved in deviation closure translates to faster batch release, lower cryo-holding costs, and
better synchronization with clinical site readiness. For autologous therapies with narrow reinfusion windows,
this responsiveness is critical.

Moreover, the integration of deviation systems with logistics and planning platforms allows for dynamic
reallocation of shipping slots, carrier availability, and cold chain containers. When deviation trends—such as
customs delays or temperature fluctuations in specific lanes—are visible in the dashboard, planners can
initiate route optimization or adjust inventory positioning in real time. BioPhorum reports that organizations
leveraging deviation analytics in route planning observed a 20% increase in on-time delivery rates and a 30%
reduction in cryo-container waste [16].

The use of SLA dashboards also aligns cross-functional teams around shared goals. When QA, logistics, and
clinical planning teams operate from a unified system, deviations are no longer siloed quality issues but shared
risk signals that impact end-to-end operations.

D. Regulatory Affairs:

In regulated industries, documentation and traceability are foundational to compliance. An integrated
deviation system provides an auditable trail of every action taken—from deviation detection and root cause
analysis to CAPA implementation and effectiveness check. This audit trail is timestamped, role-verified, and
supported by system-captured metadata, improving data integrity.

During regulatory inspections, the ability to produce real-time deviation logs, trend reports, and closure
metrics builds confidence in the quality system. Additionally, Al-supported classification and standardized
CAPAs reduce inspector questions around inconsistency or underreporting. The FDA has highlighted
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timeliness and traceability of deviation management as core indicators of CGMP compliance in multiple
Warning Letters [11].

Furthermore, some systems allow for electronic submission of deviation summaries as part of Annual Product
Quality Reviews (APQR) or Continued Process Verification (CPV) programs. This streamlines regulatory
reporting and reduces the compliance burden.

E. Clinical Operations:

For clinical teams coordinating patient care, deviation-related delays are more than operational
inconveniences—they directly affect patient outcomes. Late batch releases force infusion rescheduling, cause
patient frustration, and disrupt provider trust. By reducing deviation closure time from 3045 days to under
10 days, cell therapy programs can significantly improve patient scheduling reliability.

Real-time dashboards provide infusion site coordinators with up-to-date status on batch readiness, allowing
them to confirm appointments with higher confidence. The improvement in visibility also enhances
communication with physicians and caregivers, reinforcing confidence in the therapy.

Moreover, systemic insights from deviation trends can guide site-level training, prevent common mistakes,
and enhance compliance at the last mile. For instance, repeated deviations related to sample collection errors
may indicate the need for phlebotomy retraining or SOP updates at clinical sites. Addressing these proactively
improves overall patient experience and increases the likelihood of successful therapy delivery.

F. Strategic and Financial Benefits:

At a strategic level, reducing deviation-related delays enables scalability. As cell therapy programs expand
from pilot to commercial scale, organizations must handle increasing deviation volume without proportionate
increases in QA headcount. A digitized, intelligent system enables higher throughput without compromising
quality.

Financially, each reduction in lead time translates to lower cold chain costs, reduced product discard, and
better asset utilization. A conservative estimate by Cryoport suggested that a 7-day reduction in deviation
closure reduces per-batch cryo-holding costs by $600-$1,200 depending on geography and storage duration
[14]. Across hundreds of batches annually, this cost saving becomes material.

Finally, better control over deviation timelines improves contract performance with sponsors, vendors, and
clinical partners. When deviation resolution is predictable, SLA compliance increases, penalties decrease, and
partner satisfaction rises.

IMPACT:
A. Time and Cost Improvements:
Table 1 compares performance metrics between current-state and future-state deviation processes.

‘Metric HCurrent StateHFuture State ‘
‘Avg. Deviation Closure Time H30—45 Days H7—10 Days ‘
‘Supply Chain Lead Time ImpactH+2—3 Weeks H§3 Days ‘

‘Repeat Deviation Frequency H 18-22% H<8% ‘
‘QA Labor Utilization H65% Reactive HSO% Proactive‘
‘Audit Readiness HModerate HHigh ‘

B. Lead Time Compression Flow:

Current State

Collection — Manufacturing — Deviation Hold (30—45 Days) — QA Release — Logistics — Infusion
Future State

Collection — Manufacturing — Deviation Hold (7-10 Days) — QA Release — Logistics — Infusion

This reduction directly enables faster infusion readiness, better alignment with clinic schedules, and lower
total cost per patient.
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CONCLUSION:

Deviation management in cell therapy is no longer just a quality obligation—it is a supply chain differentiator.
The delay between deviation occurrence and closure impacts every downstream process: batch release,
logistics handoff, cold chain duration, and ultimately, the patient’s treatment schedule. As demand for cell
therapy grows, manufacturers must adopt digital solutions that compress deviation timelines, reduce labor
costs, and improve lead time reliability.

By integrating Al IoT, and digital quality systems, deviation closure can shift from a 30—45 day manual slog
to a 7-10 day automated, traceable, and intelligent process. This not only satisfies regulatory expectations but
unlocks supply chain agility. Early adopters will benefit from faster turnaround, reduced rescheduling, and
enhanced brand reputation in an increasingly competitive therapeutic space.

As noted by regulators and industry leaders, digital transformation is no longer optional. It is a precondition
for scaling personalized therapies while ensuring compliance, safety, and speed [17]. The time to act is now.
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