Al in Pharmaceutical Complaint Trending and Signal
Detection: Finding Risks Earlier

A Practical GMP Perspective on Al Complaint Analysis, Quality Signals, and Early Warning
Systems

Pharmaceutical complaints are not just customer service records. They are post-market quality signals. A single
complaint may represent an isolated event, but a pattern of complaints may reveal a product defect, process
weakness, packaging issue, labeling problem, supplier variation, distribution failure, or emerging patient risk.

That is why complaint trending is such an important quality system activity. FDA requires written procedures for
handling all written and oral complaints regarding a drug product, including Quality Control Unit review of complaints
involving possible product failure and a determination of whether an investigation is needed. FDA also requires
complaint records to include, where known, information such as product name and strength, lot number, complainant
name, nature of complaint, and reply to complainant; if an investigation is performed, the record must include
investigation findings and follow-up (FDA, 21 CFR 211.198).

Artificial intelligence could significantly improve complaint trending and signal detection by helping quality teams
classify complaint narratives, detect recurring themes, connect complaints with deviations and CAPAs, and identify
weak signals earlier. But Al should not replace complaint investigation ownership, medical safety review, regulatory
reporting decisions, or Quality Unit oversight. The best use of Al is as an early-warning and decision-support tool.

Why Complaint Trending Matters in Pharmaceutical Quality Systems
Complaint trending helps companies answer a simple but high-stakes question: Are complaints showing an emerging
product quality problem before the problem becomes obvious?

A strong complaint management system should not only close individual complaints. It should evaluate complaint
data over time and across products, lots, sites, markets, dosage forms, suppliers, and defect categories.

Complaint Signal Possible Meaning

Increased leakage complaints Container closure defect, packaging process issue, supplier
variation

More missing tablet complaints Counting/filling equipment issue, line clearance weakness

Rising discoloration complaints Stability issue, light exposure, formulation sensitivity

Injection difficulty complaints Syringe, needle, viscosity, stopper, or user handling issue

No effect complaints Potency concern, administration issue, counterfeit/diversion
concern

Foreign matter complaints Packaging defect, process contamination, component issue

Odor complaints Excipient change, packaging interaction, degradation

Label confusion complaints Artwork, language, font, user-interface, or packaging design
issue

ICH Q10 places complaints inside the broader pharmaceutical quality system. It states that process and product
quality monitoring should include feedback from internal and external sources, including complaints, product
rejections, non-conformances, recalls, deviations, audits, and regulatory inspections (ICH Q10, 2008).

FDA Expectations for Complaint Handling

FDA's complaint regulation, 21 CFR 211.198, establishes several core expectations for drug product complaint files:
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FDA Expectation Practical Meaning

Written complaint procedures Complaint intake, review, investigation, follow-up, and
documentation must be defined

Quality Control Unit review Complaints involving possible product failure must be
reviewed by the Quality Control Unit

Investigation decision The company must determine whether an investigation is
needed

Adverse event evaluation Complaints must be reviewed to determine whether serious
and unexpected adverse drug experience reporting may be
required

Complaint record retention Written complaint records must be maintained and available

Investigation documentation If investigated, findings and follow-up must be documented

No-investigation rationale If not investigated, the reason and responsible person must
be recorded

FDA's regulation specifically requires procedures for review by the Quality Control Unit of complaints involving
possible failure of a drug product to meet specifications and a determination of whether an investigation is needed
under 21 CFR 211.192 (FDA, 21 CFR 211.198).

FDA's quality systems guidance also connects complaints to broader quality system review. It states that customer
feedback, including complaints, and analysis of data trending results should be considered in management review. It
also states that customer complaints must be reviewed and investigated if a discrepancy is identified (FDA, Quality
Systems Approach to Pharmaceutical CGMP Regulations).

Why Traditional Complaint Trend Analysis Struggles

Most complaint systems collect a lot of data, but the data are often messy, inconsistent, and difficult to analyze.

Challenge Practical Impact

Free-text narratives Similar complaints are described in many different ways

Inconsistent categories Leak, leaking, wet package, and seal failure may be coded
differently

Manual coding Different reviewers classify the same complaint differently

Low-frequency signals Rare but serious trends may be buried in normal complaint
volume

Delayed trend review Monthly or quarterly review may identify risks late

Siloed systems Complaints, CAPAs, deviations, stability, manufacturing data,
and supplier data are reviewed separately

Weak normalization Complaint counts may not be adjusted for sales volume, lot
size, market volume, or distribution

Repeated no trend conclusions Review becomes checklist-based rather than signal-based

Reviewer fatigue High-volume complaint review can reduce attention to subtle
patterns

A traditional complaint trend may say, “No significant increase in complaints this quarter.” But a better system may
detect that one defect term is increasing in one market, for one presentation, linked to one packaging component,
after one supplier change. That is where Al can add value.

What Is Signal Detection in Complaint Management?

Signal detection is the process of identifying patterns that may indicate a potential quality, safety, performance, or
compliance issue. In complaint management, a signal does not necessarily prove a defect. It indicates that further
review may be warranted.

A quality signal may be based on:
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e Complaint frequency

e Complaint severity

e Complaint type

e Complaint narrative language
e Lot clustering

e Market clustering

e Product presentation

e Packaging component

e Manufacturing site

e Supplier

e Distribution lane

e Time since release

¢ Related deviations or CAPAs
e Similar historical events

The goal is not to treat every signal as a crisis. The goal is to identify the signals that deserve investigation before
they become larger quality events.

FDA's quality systems guidance notes that trends should be continually identified and evaluated, and that trend
information can help monitor quality, identify potential variances before they become problems, support annual
review data, and facilitate lifecycle improvement (FDA, Quality Systems Approach to Pharmaceutical CGMP
Regulations).

How Al Can Support Complaint Trending

Al can support complaint trending by analyzing large numbers of structured and unstructured complaint records. The
most useful applications are classification, clustering, similarity search, anomaly detection, correlation analysis, and
prediction.

Al Capability Complaint Trending Use

Natural language processing Extract defect terms from complaint narratives

Complaint categorization Assign consistent complaint categories

Similarity matching Identify complaints that describe the same issue in different
language

Clustering Group related complaints by product, lot, market, defect, or
narrative

Anomaly detection Flag unusual increases or new patterns

Predictive analysis Estimate which signals may escalate

Cross-system correlation Link complaints to deviations, CAPAs, changes, suppliers,
and manufacturing events

Draft summaries Prepare trend summaries for QA review

Early warning dashboards Highlight products/lots/defects requiring review

A practical Al complaint system should not simply count complaints. It should help reviewers interpret complaint
patterns in context.

Natural Language Processing for Complaint Narratives

Complaint descriptions are often written in inconsistent language. One customer may say “the bottle cap was
broken.” Another may say “seal cracked.” Another may say “product leaked during shipment.” Another may say “wet
carton on arrival.”

A human reviewer may classify these differently, but NLP can help identify that they may belong to a related
packaging integrity signal.
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Complaint Text Al-Extracted Signal

The vial was wet when | opened the carton. Possible leakage / container closure issue

The tablet had black spots. Appearance defect / foreign matter / discoloration
The syringe was hard to push. Delivery performance / plunger force

The label peeled off in the refrigerator. Label adhesion / cold-chain condition

The solution looked cloudy. Appearance / particulate / stability concern

The inhaler did not spray. Device performance / dose delivery issue

This kind of NLP support improves consistency, but it also introduces risk. Al may misclassify a complaint, miss
medical significance, or fail to recognize that different words describe different technical defects. Human review
remains essential.

Al-Powered Complaint Categorization

Complaint categorization is one of the strongest first use cases for Al because it addresses a real operational
problem: inconsistent coding.

Traditional complaint coding often depends on dropdown menus and human interpretation. Al can help by suggesting
standardized categories based on the narrative, product, dosage form, route of administration, and historical
complaint patterns.

Complaint Narrative Al-Suggested Category Human Review Needed?
Needle bent during injection. Device/component defect Yes
Bottle was short two tablets. Count/fill defect Yes
Cream separated into oil and solid. Physical appearance / phase separation | Yes
Package had wrong leaflet. Labeling/packaging defect Yes
Patient felt dizzy after taking product. Potential adverse event / medical safety | Yes, urgent
review

Al can suggest categories, but final coding should remain controlled because complaint categorization may affect
investigation routing, regulatory reporting, adverse event handling, and trend analysis.

Correlation With CAPAs, Deviations, and Manufacturing Events
The real power of Al appears when complaint data are connected to other quality systems.

A complaint signal becomes more meaningful when it correlates with:

e Deviations

e CAPAs

e Change controls

e Manufacturing lots

e Packaging line events

e Supplier changes

e  Stability trends

e Environmental monitoring
e Process performance

e Distribution records

e Returned sample examination
e APR/PQR findings

ICH Q10 states that CAPA should result from investigations of complaints, product rejections, non-conformances,
recalls, deviations, audits, regulatory inspections, and trends from process performance and product quality
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monitoring. It also states that a structured investigation approach should be used to determine root cause, with effort
and documentation commensurate with risk (ICH Q10, 2008).

Al can support this by identifying when a complaint trend resembles a previous CAPA, repeats after a supposedly
effective CAPA, or correlates with a recent change.

Complaint Trend Examples

Example 1: Packaging Leakage Signal

A company receives 12 leakage complaints in one quarter. Traditional trending says the total is below the alert limit.
Al analysis shows that 10 of the 12 complaints involve the same bottle size, same market, same packaging line, and
lots packaged within a two-week window.

Al value: It detects clustering that simple total-count trending may miss. Human action: QA opens a trend
investigation, reviews packaging records, line setup, torque data, component lots, and retain samples.

Example 2: Tablet Discoloration Signal

Complaint volume for discoloration remains low, but Al detects similar language across several markets: “brown
spot,” “dark speck,” “burn mark,” and “black dot.”

Al value: NLP groups different words into a possible appearance/foreign matter signal. Human action: QC reviews
retained samples, supplier lots, coating process data, metal detection records, and visual inspection data.

Example 3: Device Performance Signal

Complaints about an injection device are coded under different categories: “hard to push,” “dose incomplete,”
“plunger stuck,” and “pain during injection.” Al clusters them as a possible delivery-force trend.

Al value: It connects user-language complaints that may indicate a common technical mechanism. Human action:
Engineering and QA review device history, component dimensions, viscosity data, complaint samples, and supplier
records.

Example 4: CAPA Effectiveness Signal

A CAPA was implemented to reduce label peeling complaints. Three months later, complaint counts appear reduced
overall. Al detects that complaints persist only in refrigerated distribution markets.

Al value: It identifies a partial CAPA effectiveness issue. Human action: QA revisits the CAPA effectiveness check
and evaluates cold-chain label adhesion conditions.

Quality Signal Case Studies

Case Study 1: Early Detection of a Stopper Defect

A sterile injectable manufacturer receives scattered complaints of “loose cap,” “wet vial,” and “solution around
stopper.” The complaint categories differ, and individual lots do not exceed action limits.

”

Al clusters the narratives and identifies a common link to one stopper supplier lot. It also finds a packaging deviation
related to slightly elevated reject rates during the same period.

QA initiates a signal investigation. Retain samples are inspected, supplier records are reviewed, and container
closure integrity risk is assessed. The investigation determines that a supplier process variation contributed to
intermittent sealing weakness.
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Lesson: Al did not prove the defect. It found the pattern earlier.

Case Study 2: False Signal From Increased Market Volume

A product launch expands into a new market, and complaint counts double. Al flags a possible signal for “missing
dose.” QA reviews normalized complaint rates and confirms the complaint rate per units distributed is unchanged.

Lesson: Al signal detection must normalize data by sales volume, batch size, distribution, and market exposure. Raw
complaint counts can mislead.

Case Study 3: Complaint Signal Linked to Training Gap

A self-administered product receives complaints that the device “does not work.” Al clusters the complaints and
identifies that most are from new users and involve first-dose administration.

QA, medical, and commercial teams review complaint narratives and returned samples. Many devices function
normally. The root cause is unclear instructions for use.

Lesson: Complaint signals may identify labeling, training, or user-interface problems, not just manufacturing defects.

Case Study 4: Missed Al Signal Due to Poor Data Quality

An Al tool fails to detect a rising trend in cracked tablets because complaints were coded inconsistently as “broken,
“powder,” “chipped,” “damaged,” and “friable.” The NLP model was not trained on site-specific terminology.

” o

Lesson: Al is not magic. Complaint dictionaries, taxonomy governance, and periodic model review are essential.

Predictive Complaint Analysis and Early Warning Systems

Predictive complaint analysis attempts to identify which patterns are likely to become larger quality issues. It may
consider:

e Complaint frequency

e Defect severity

e Lot clustering

e Distribution exposure

e Repeat complaint type

e Returned sample confirmation rate
e Associated deviations

e Recent change controls

e CAPA history

e Supplier performance

e Manufacturing site or line

e Product age or stability data
e Time since launch

e Market or country

An early warning dashboard may show:

|_Signal Al Risk Indicator Human Review
Rising leakage complaints Same packaging line and supplier lot QA/Packaging review
Increasing no effect complaints Same strength and market Medical/QA review
Repeated foreign matter descriptions Similar color and dosage form QC investigation
Label adhesion complaints Cold-chain markets only Packaging/supplier review
Device malfunction complaints Similar use-step language Engineering review
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The key is not to overload QA with alarms. The key is to rank signals so that high-risk patterns receive timely review.

Implementation Roadmap

Step 1: Standardize Complaint Taxonomy

Define controlled categories, subcategories, severity levels, product families, dosage forms, defect terms, and
medical safety flags.

Step 2: Clean Historical Data

Review old complaint codes, duplicate records, missing lots, inconsistent product names, and unclear narratives. Al
performance depends heavily on historical data quality.

Step 3: Define Intended Use
Decide whether Al will be used for:

e Draft complaint categorization

e Trend detection

e Signal prioritization

e CAPA/deviation correlation

e Complaint investigation support
¢ Management review summaries

Step 4: Start With Advisory Use Cases

Begin with Al suggestions, not automatic decisions. Human reviewers should confirm category, severity, investigation
need, and escalation.

Step 5: Validate the System

Test Al outputs against known historical signals, confirmed complaint trends, and known false alarms. Include false
positive and false negative assessment.

Step 6: Integrate With QMS

Connect complaint data with deviations, CAPAs, change controls, supplier records, APR/PQR, batch history, and
stability data.

Step 7: Establish Human Oversight

Define responsibilities for QA, complaint handling, medical safety, regulatory affairs, manufacturing, QC, supplier
quality, and management review.

Step 8: Monitor Performance

Track misclassified complaints, missed signals, false alerts, reviewer overrides, CAPA outcomes, and time-to-signal
detection.

Step 9: Periodically Review and Improve

Update dictionaries, models, thresholds, and workflows as products, markets, complaint language, and quality risks
change.

Validation Requirements for Al Complaint Trending
If Al is used in a GMP complaint management system, validation should be based on intended use and risk.
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Validation Element Practical Question

Intended use Is Al categorizing, prioritizing, predicting, or only suggesting?
Source data Are complaint records complete, accurate, and controlled?
Model performance Can the model identify known historical signals?

False negatives Does the model miss high-risk complaint patterns?

False positives Does the model generate excessive low-value alerts?

Audit trail Are Al suggestions and human decisions recorded?

Access control Can only authorized users edit complaint records and codes?
Change control Are model updates assessed and approved?

Data retention Are complaint records retained according to requirements?
Periodic review Is performance monitored over time?

Al validation in regulated healthcare is challenging because Al systems may not behave like traditional deterministic
software. A peer-reviewed article on validation of Al-containing products across regulated healthcare industries
emphasizes that Al/ML introduces terminology and validation challenges across pharmaceutical, medical device, and
diagnostic contexts, and that alignment of validation methods is important for compliant development and use
(Higgins & Johner, 2023).

Data Integrity Risks

Al-supported complaint trending raises important data integrity questions:

e Was the original complaint narrative preserved?

e Was the Al-generated category retained?

¢ Did a human reviewer accept or reject it?

e Can the system show why a complaint was escalated?
e Can the system reconstruct the signal detection logic?
e Were any complaint records excluded from trending?

e Was the Al model version controlled?

e Were post-hoc edits audit-trailed?

e Are complaint files readily available for inspection?

FDA requires complaint records to be maintained and readily available for inspection under the complaint file
requirements and general record expectations (FDA, 21 CFR 211.198; FDA, 21 CFR 211.180).

A compliant Al-enabled complaint system should preserve original complaint data and clearly distinguish between
original reporter statements, Al-generated classifications, human-reviewed conclusions, investigation findings, and
CAPA decisions.

Regulatory Concerns
Regulators are likely to ask practical questions about Al complaint trending:

Regulatory Question Expected Company Answer

What does the Al do? Clear intended use statement

Does Al make final complaint decisions? No; qualified humans review and approve

How was the system validated? Risk-based validation with known historical signals

How are Al errors handled? Deviation/CAPA or system issue process as appropriate

How are complaint records protected? Access control, audit trail, retention, data integrity

How are model changes controlled? Change control and revalidation assessment

Can inspectors see source data? Yes, original complaint and Al/human review history are
retained

How are adverse event signals handled? Medical safety/regulatory reporting process remains controlled
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EMA'’s Al reflection paper emphasizes that AI/ML risk depends on context of use, data quality, and the degree of
influence the Al has, and that manufacturers remain responsible for ensuring algorithms, models, datasets, and data
pipelines are fit for purpose and aligned with GxP standards (EMA, Reflection Paper on Al in the Medicinal Product

Lifecycle).

Risk Mitigation Strategies

Risk Mitigation

Al misclassifies complaint Human review of complaint category and severity

Al misses emerging signal Traditional trending remains active; periodic signal review

Al creates excessive false alerts Threshold tuning and alert prioritization

Al fails to recognize adverse event language Medical safety rules and human triage remain mandatory

Poor historical data affects model Data cleaning, taxonomy governance, model retraining

Black-box model cannot be explained Vendor qualification and explainability requirements

Al output not retained Audit trail and electronic record retention controls

Overreliance by reviewers SOPs define Al as advisory only

Model drift

Periodic performance review and change control

Wrong correlation with CAPA/deviation

SME confirmation before investigation conclusions

Human Oversight Model

The safest model is:

Complaint received

!

AI suggests category,

i

severity, keywords, and possible related records

Complaint handler reviews and confirms classification

|

QA determines investigation need

i

Medical safety/regulatory review if applicable

!

AI supports trending and signal detection

i

QA/SME confirms signal significance

|

Deviation, CAPA, field action, recall, or management escalation if needed

Human oversight should include:

Function

Responsibility

Complaint Handling

Intake, initial categorization, documentation

QA

Investigation decision, trend review, quality signal escalation

Medical Safety

Adverse event assessment and reporting pathway

Regulatory Affairs Field action, recall, notification, or reportability assessment
Manufacturing Batch history, process records, deviation review

QC Sample testing, retained sample review, lab investigation
Supplier Quality Component or supplier-related complaint review

CAPA Owner Root cause and corrective/preventive action

IT/ICSV System validation, access control, audit trail, data retention

Management Review

Oversight of complaint trends and quality system performance
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FAQ: Al in Pharmaceutical Complaint Trending

Can Al classify pharmaceutical complaints?

Yes, Al can suggest complaint categories using NLP and historical complaint data. However, final classification
should be reviewed by trained personnel because classification can affect investigation, trending, adverse event
review, and regulatory reporting.

Can Al determine whether a complaint requires investigation?

Al can flag complaints that may require investigation, but the final determination should remain with qualified human
reviewers and the Quality Unit. FDA requires procedures that include Quality Control Unit review of complaints
involving possible product failure and a determination of whether investigation is needed (FDA, 21 CFR 211.198).

What is the best first Al use case for complaint management?

The best first use case is Al-assisted categorization and similarity clustering. These functions help standardize
complaint coding and identify related complaints that may be described in different language.

Does Al replace traditional complaint trending?

No. Al should enhance traditional trending, not replace it. Standard metrics, thresholds, periodic reviews, and QA
oversight should remain active.

What is the biggest risk?

The biggest risk is overreliance. If reviewers accept Al categories or signal conclusions without verification, the
company may miss serious complaints or create misleading trend conclusions.

Does Al complaint trending require validation?

Yes, if the Al tool is used in a GMP complaint management process or affects regulated complaint records, validation
should be performed based on intended use and risk.

Can Al help with CAPA effectiveness?

Yes. Al can compare post-CAPA complaint trends to pre-CAPA complaint patterns, identify residual signals, and flag
recurrence. QA must determine whether the CAPA was effective.

Conclusion: Al Can Find Complaint Signals Earlier, but QA Must Own the

Decision

Al in pharmaceutical complaint trending and signal detection is one of the most practical applications of Al in quality
systems. Complaint data are high-volume, text-heavy, inconsistent, and deeply connected to patient experience and
product quality. Those conditions make Al useful for classification, clustering, signal detection, correlation, and early
warning dashboards.

But Al should not replace complaint handling procedures, Quality Unit review, adverse event assessment,
investigation decisions, CAPA ownership, or regulatory reporting judgment. FDA’s complaint regulation still requires
written procedures, Quality Control Unit review, investigation decisions, and complaint records (FDA, 21 CFR
211.198). ICH Q10 still expects complaints to feed into product and process monitoring, CAPA, management review,
and continual improvement (ICH Q10, 2008).

The realistic future is not Al automatically deciding which complaints matter. The realistic future is Al helping QA
teams see patterns sooner, connect quality signals across systems, and act before scattered complaints become
major product quality problems.
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For AlforQA.org, this is a strong cornerstone article because it addresses a real pharmaceutical QA challenge:
complaints are not isolated records - they are external signals of how the product performs in the real world. Al can
help find those signals earlier, but only if the quality system remains in control.
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