PHARMACEUTICAL QUALITY & GXP INTELLIGENCE e Executive Briefing

Agentic Al in Stability & APQR
Automation

Transitioning fromm manual data transcription to a governed, multi-agent
Intelligence platform forvaccine and drug product quality reviews.

ICH Q1E Compliant 10 Specialist Agents Human-in-the-Loop GxP



CURRENT PROCESS BOTTLENECKS

The Three-Role Operational Strain

AP QR preparation demands hundreds of manual hours fragmented across disconnected functional teams.

= Data Authors |~ Data Analysts =’ PQLSectionOwners
Manual lot discovery across LIMS, Repetitive calculation of ICH QIE Manual correlation between

ELN, SAP, MES, and CDS. regressions and ANCOVA models. deviations, CAPAs, and analytical
High risk of omitting regulatory Subjective slope interpretations and bl

commitment batches. manual chart exports. | ate detection of 95% confidence

bounds nearing specs.

A Over80% of collective technical effort is spent assembling and transcribing raw records rather than evaluating quality.



STRATEGIC DISTINCTION

Workflow Execution vs. Workflow Reasoning

The fundamental shift from passive computationto active cognitive assessment.

Traditional Stability Software Agentic Stability Intelligence

Role: Calculator + Database + Workflow Tool Role: Autonomous Scientific Colleague

e Extractsraw analytical records upon manual query. e Evaluates protocolcommitments to propose valid lots.

e Computesregression slope and outputs raw p-values. e Predicts shelf-life intersections against regulatory limits.

e Requires humans to interpret trends, causes, and impacts. e Links drift directly to manufacturing excursions and

CAPAs.

"Traditional software tells you what happened. Agentic Alreasons what it means and what QA actions are required.”




COGNITIVE CAPABILITIES

Four Concrete Decision Shifts

Replacing manual human calculations with autonomous contextual reasoning.

: Manual: Usertags arbitrary batches based on Agentic: Al audits protocols, commitments &
1. Lot Selection - N
memory. deviations to justify lots.
: . . Agentic: Computes 15-month risk window and
2. Trend Analysis Manual: Displays slope = -0.15 without context. 9¢ P

projects shelf-life breach.

Manual: Stability records exist completely isolated Agentic: Matches analytical drift directly to

3. Deviation Link i '
S A N from QMS. equipment excursions.

Manual: Authorwrites 4-8 pages fromraw tabular Agentic: Generatesregulatory-grade narrative

4. APQR Drafting ko ready for QA sign-off.

GxP Compliance Model: Al handles deterministic computation and drafting; human scientists govern decisions.



SYSTEM BLUEPRINT

The Five-Layer Enterprise Architecture

Structured end-to-end framework enforcing data integrity and regulatory governance.

Layer 1: Orchestration Controller
Initiates review session, establishes product scope, and manages state machine.

Layer 2: External Enterprise Systems
Veeva Vault QMS, TrackWise, LabWare LIMS, Empower CDS, SAP MES, Azure Al.

Sequential analysis: Lot Selection, Stats, Shelf-Life Risk, Narrative Drafting.

Layer 4: Human Review & Sign-off
Data Author verification — Statistician validation — PQL approval.

Layer 5: Automated QMS Actions

‘ Layer 3: 10 Specialist Al Agents
‘ Triggering CAPA drafts, investigationrecords, and monitoring actions.

Full audit trail maintained in PostgreSQL and Azure Storage forregulatory audit readiness.

Session Control

Connectors

Cognitive Core

GxP Governance

Action Loop



AGENT DEEP DIVE - PHASE |

Data Discovery & Reqgulatory Eligibility

Automating dataset assembly while validating GxP compliance rules.

AGENT1 AGENT 2

Lot Identification Data Aggregation

Scans protocols and commitments to Directly interfaces with LIMS and CDS
classify batches: to pull:

e Commercial & validationlots e Assay, potency, moisture & pH

e POst-approval commitments o Sterility & endotoxinrecords

e Deviation-impacted batches e Registered specifications

AGENT 3

Regulatory Compliance

-nforces ICHQIE, WHO & USP
standards:

e Validates minimum timepoints

e Evaluatesregression eligibility
e« Checks batchpoolability

Autonomous Flag Example: "Lot PV22004 contains only two time points and does not meet SOP criteria forregression. Excluded from

pool with auditlog.”



AGENT DEEP DIVE - PHASE Ii

Statistical Modeling & Risk Escalation

Automating ICH Q1E mathematics and predicting shelf-life vulnerabillities.

AGENT 4

Statistical Modeling

Calculates descriptive statistics,
ANCOVA, and linearregressions.

Replaces manual SAS/JMP plotting
with standardized execution.

AGENT 5
Shelf-Life Risk Agent

Monitorsif the 95% confidence
bound approaches limits within 15
months.

Escalates proactive alerts months
before out-of-specification occurs.

AGENT 6

Deviation Correlation

Cross-references analytical decline
against TrackWise QMS records.

Links negative slopes directly to
manufacturing anomalies.

Governing Rule: "IF 95% Lower Confidence Boundintersects Lower Spec Limit within <15 Months, THEN triggerimmediate High Risk

status.”



APPLIED CASE STUDIES

Agentic Reasoning in Production Scenarios

Tangible examples of autonomous detection across commercial vaccine batches.

SCENARIO A SCENARIOB
Shelf-Life Risk Projection Root-Cause Cross-Correlation
Input: Finished drug assay with 36-month approved shelf life. Input: LotsPV22004 & PV22005 show degradationrate 1.8x

Al Deduction: Potency decline rate of -0.12%/month. Lower steeper than average.

95% bound hits spec at Month 31. Al Cross-Query: Audits MES maintenancelogs & TrackWise
deviationrecords.

Action: Escalates risk to High; prompts PQL for expiry

review 5 months prior to failure. Action: Links degradation to DEV-2025-101 (lyophilizer
excursion) with 87 % confidence.

These multi-parameter correlations are virtually impossible for human analysts to spot consistently across hundreds of commercial products.



AGENT DEEP DIVE « PHASE lIlI

Narrative Generation & Virtual QA Review

Transforming statistical outputs into regulatory chapters and governed QMS actions.

Agent7/ Agent 8 Agent?9 Agent10

Interpretation Narrative Writer QA Reviewer QMS Action

Deduces biological and Drafts complete, formatted Validates text against p- Drafts CAPAs,

chemical significance of AP QR stability summary values; flags contradictory investigations, and change
regression slopes. chapters. conclusions. controlrecords

automatically.

Virtual QA Reviewer Safeguard:

"Flag: Narrative states 'no adverse trends observed’, but assay regression p-value = 0.03. Revision required prior to PQL approval.”



HUMAN-IN-THE-LOOP GOVERNANCE

Role Evolution « Authors to Strategic Reviewers

How specialized Al agents augment existing pharmaceutical quality personnel.

Traditional Role

Data Author

Data Analyst

PQL /Section Owner

QA Reviewer

Agentic Al Specialist
Lot Selection & Data Aggregation Agents

ICH Q1E Statistics & Risk Agents

Interpretation & Narrative Writer Agents

Virtual Reviewer & QMS Action Agents

New Human Responsibility

Verifies lot traceability matrix and protocol scope
Validates statistical poolability and model assumptions
Reviews scientific conclusions and approves filing text

Approves CAPAs and executes formal regulatory sign-off

GxP Invariant: The Al platform acts exclusively under human oversight; final authority remains with qualified quality leaders.



QUANTIFIED BUSINESS VALUE

Cycle Time & Compliance Velocity

Shifting 80% of human effort from administrative data assembly to scientific judgment.

80% 100%

< 15m

Lot Selection & Ingestion Drafting Effort Reduction Commitment Traceability
Process Step Manual Baseline Agentic Al Solution
Stability Lot Selection 1-2 days per product Minutes (Automated audit)
Analytical Data Pull Several days across systems Automated pipeline ingestion
APQR Section Authoring 4-8 hours manual writing 15-30 min human review

FTE distribution flips: Analysts spend time evaluating high-risk excursions rather than compiling spreadsheets.



ENTERPRISE STRATEGIC VISION

The Autonomous APQR Stability Copilot

Enterprise deployment blueprint across Microsoft Azure Al, Veeva Vault, and TrackWise ecosystems.

SINGLE NATURAL LANGUAGE PROMPT EXECUTION:
“Generate stability summary for Product XYZ APQR 2026.”

The multi-agent platform autonomously queries lots, computes ICH regressions, assesses shelf-life risks, links manufacturing
deviations, and drafts regulatory narratives with complete audit trails.

Ready for Enterprise Life Sciences Deployment e Azure OpenAl e Veeva Quality e TrackWise QMS o LabWare LIMS



