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The Executive Mandate

Breaking Eroom's Law with Engineering Discipline

The Paradox

The Life Sciences industry faces a paradox known as Eroom’s Law: despite exponential improvements
in technology, drug discovery is becoming slower and more expensive over time. Bringing a new asset
to market costs over $2 billion and takes 10-12 years.

Artificial Intelligence offers the potential to invert this curve - compressing discovery timelines, optimizing

clinical trial designs, and automating regulatory submissions.

The Pilot Paradox:
Impressive results in the lab rarely translate to GxP-compliant production systems.

Why Life Sciences Al is Different

The barrier to entry is not algorithmic; it is regulatory and scientific.

O GxP Compliance @ Data Provenance
Systems impacting patient safety must meet The ALCOA+ principle (Attributable, Legible,
strict validation standards (21 CFR Part 11, Contemporaneous, Original, Accurate) applies to
GAMP 5). Al training data.

{D Scientific Grounding e) High-Stakes IP
Hallucinations in a regulatory submission (e.g., Training models on proprietary molecular libraries
citing a non-existent toxicity study) result in requires airtight security architectures.

immediate rejection by health authorities.

The AIM® Framework

This blueprint utilizes the AIM® Framework (Assess, Implement, Monitor-Measure-Mature) to provide

a rigorous, engineering-grade path for deploying Al across R&D, Clinical, and Commercial domains.
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Phase 1: ASSESS & ARCHITECT

Scientific & Regulatory Validation

The Assess phase functions as the architectural gatekeeper. It prevents the deployment of non-compliant or

scientifically invalid pilots.

1. Strategic Viability Matrix

Initiatives are qualified based on regulatory impact and scientific feasibility.

Assessment

Dimension Validation Criteria Green Light Red Flag (Stop)
. Where does value @ Clinical Ops, Regulatory ® De novo biology without wet-
Domain " L
accrual occur? Writing, Safety lab validation
. & Structured eTMF, ® Scanned PDFs,
?
Data Integrity 's the data FAIR Cleaned LIMS data fragmentation across CROs
. Does the model impact a @ Drafting text for human ® Automated batch
Regul Risk
egulatory Ris GxP decision? review (Low) release (High)
> .. e
Outcome Metric Is the success quantifiable? ¢ ReduF:tl(?n 'n months-to ® Imprc.)v.ed researcher
submission creativity

2. Data Readiness Audit

Al models in Life Sciences are only as valid as the underlying data estate.

R&D / LIMS Clinical Ops

Electronic Lab Notebooks (ELN), Assay data CTMS, EDC (Rave/Veeva), eTMF

L. Inconsistent ontology, lack of negative result data L. Disconnected site data, unstructured deviations
Regulatory Real World Data

Regulatory Information Management (RIM) Claims data, EHR, Wearables

L. Legacy dossier formats, poor metadata tagging L. Selection bias, missing data, consent issues
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3. Modality Selection Matrix

Selecting the Minimum Effective Intelligence minimizes validation burden.

Best-Fit Use Cases

Modality Definition

Tech Stack Requirements

Machine
Learning (ML)

Predictive

Generative Al
(GenAl)

Cognitive

Al Agents

Autonomous

Predictive
Intelligence.
Pattern
recognition in
structured data.

Cognitive
Synthesis.
Text and protein
sequence
generation.

Autonomous
Action.
Reasoning
and external
data retrieval.

Phase 1 Deliverable

Site Selection (Predicting
recruitment rates)

Pharmacovigilance
(Signal detection)

Molecular Property Prediction

Automated Medical Writing
(CSRs, Protocols)

Literature Review Synthesis
Regulatory Response Drafting

Regulatory Intelligence
(Scraping FDA databases)
Competitive Intelligence

Supply Chain Deviation
Management

Graph Neural Networks (GNN)
Feature Stores
High-HPC Compute

Vector Database (RAG)
Knowledge Graphs
Private LLM Infrastructure

Orchestration Frameworks
Semantic Search
Multi-Agent Systems

The Life Sciences Al Blueprint A validation-ready artifact defining the intended use, risk classification (GAMP 5 category),
and data lineage strategy.
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Phase 2: IMPLEMENT

GxP-Ready Engineering

Implementation in Life Sciences requires validation engineering. Systems are designed to be explainable,

reproducible, and secure.

1. Engineering Principles for Bio-Pharma Al

o) =

2, @ S

Principle A: Human-in-the- Principle B: Grounded Principle C: Data

Loop (HITL) by Design Generation (RAG) Partitioning

GenAl never finalizes a submission. Generative models are restricted to Training data and inference data
It generates a Draft (e.g., Draft retrieving information only from the are strictly separated to prevent
Clinical Study Report). A qualified internal Knowledge Graph or data leakage, ensuring that
scientist or medical writer must validated eTMF documents. External proprietary molecular IP is never
review and sign off. This maintains hallucinations are architecturally exposed to public foundation
the chain of responsibility. blocked. models.

2. High-Value Use Case Map

Domain Use Case Al Modality Business Objective Success Metric

R&D Literature Synthesis GenAl (RAG) Accelerate target identification 70% Reduction in Review Time
Clinical Protocol Optimization ML + GenAl Reduce protocol amendments Reduction in Amendment Frequency
Clinical CSR Automation GenAl Automate drafting of CSRs Reduction in Time-to-Submission
Regulatory Labeling Compliance Al Agents Check global labels vs local regulations 100% Compliance Audit Rate

Safety Adverse Event Coding ML Auto-code AE cases to MedDRA 80% Automation of Level 1 Cases
Commercial MedInfo Response GenAl Draft responses to HCP inquiries Reduction in Response Latency

3. Implementation Risk Mitigation

Scientific Hallucination Citation Enforcement—Model must provide clickable link to source

Inventing citations or toxicity data P o v eezeriion.

Bias in Recruitment Diversity Simulation—Testing protocol criteria against real-world

Protocol criteria excluding diverse populations it E i,

Regulatory Change Dynamic Context Injection—Injecting latest regulatory guidance

Model outdated due to new FDA guidance [l BIFONEL 1 LA,
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Phase 3: THE 3Ms

Sustained Operations & Compliance

In Life Sciences, the operational phase focuses on maintaining the Validated State of the system.

M': MONITOR (Scientific Integrity)

Observability pipelines tuned for scientific drift and compliance

e Factuality Scoring
Automated evaluation of generated text against source documents (e.g., checking if summarized Adverse
Event count matches raw data).

® Concept Drift
Monitoring if patient demographics in a live trial diverge from training data used for the recruitment model.

e Audit Trails
Logging every prompt, retrieval step, and output version to ensure full traceability for future inspections.

M?: MEASURE (Acceleration & Efficiency)

Value is measured in time saved and risk avoided

Acceleration Efficiency Quality

* Reduction in time from LPLV * Reduction in Medical Writing hours » Reduction in Protocol Amendments

to Database Lock per asset « Reduction in Regulatory queries (RTQs)
* Reduction in Time-to-IND submission * % of AE cases processed touchless

M3: MATURE (Knowledge Integration)

Maturity involves connecting silos into a unified intelligence layer

Enterprise Knowledge Graphs
Linking genes, targets, drugs, trials, and publications into a semantic graph to enable complex reasoning (e.g.,
"Find all trials for Mechanism X that failed due to toxicity").

Federated Learning
Collaborating with other institutions on data analysis without moving raw patient data, preserving privacy.

Generative Simulation
Moving from analyzing trials to simulating control arms to reduce patient enroliment requirements.
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Real-World Execution: AIM® Samples

Validated implementations delivering measurable ROI

Sample A: Automated Clinical Study Report (CSR) Drafting

A mid-sized biotech struggling with the 4-6 month timeline to write CSRs after trial completion.

Goal: Accelerate submission timelines

n ASSESS

v Validation: 60% of CSR is TLF
summarization

v Data Audit: Standardized TLFs &
Protocol docs in eTMF

n IMPLEMENT

Modality: GenAl (RAG)

Architecture: Pipeline ingests TLFs,
LLM drafts Results & Safety sections

Guardrail: No Math Rule—only
extracts pre-calculated values

|~ Outcome: 50% reduction in first-draft writing time

Sample B: Regulatory Intelligence Agent

m 3Ms

Monitor: Auto-consistency checks
Measure: 50% reduction in first-draft time

Mature: Adapted for Lay Summaries

Global Regulatory Affairs team overwhelmed by tracking changing guidelines across 50+ markets.

Goal: Proactive compliance monitoring

n ASSESS

v Validation: Manual scanning was
slow & error-prone

v Data: Public databases (FDA,
EMA, PMDA) + internal dossiers

|~ Outcome: Reduction in time-to-awareness for regulatory changes

n IMPLEMENT

Modality: Al Agents

Architecture: Agent scrapes RSS feeds,
detects changes, queries Knowledge Graph

Action: Drafts Regulatory Impact
Assessment email
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m 3Ms

Monitor: Accuracy of relevance filtering
Measure: Reduced time-to-awareness

Mature: Auto-drafts label variation docs



Sample C: IV&YV for Al-Driven Pharmacovigilance

A global pharma entity deploying a custom ML model to code Adverse Events (MedDRA), replacing manual coding.

Goal: Validate model performance to satisfy FDA 21 CFR Part 11 & EU GVP Module VI requirements

u ASSESS

Validation:
* GAMP 5 Risk Assessment
classified system as

* Risk Priority Number (RPN) analysis
identified "Missed Serious Adverse
Event (SAE)" as critical failure mode

Data Audit:

Verified "Golden Truth" dataset was
distinct from training data and
adjudicated by 3 senior medical
safety officers.

|ﬁ Key Outcomes

n IMPLEMENT

Modality:

IV&V Automation Framework

Architecture:

* Implemented Model Card
documentation system

» Automated Test Harness with
50,000 synthetic adversarial cases

Guardrails:

Minimum Performance Thresholds:

Precision > 98% for SAEs

v Validation cycle reduced by 75%(6 months — 2 weeks)

v Achieved FDA 21 CFR Part 11 and EU GVP Module VI compliance

v Established Continuous Quality Assurance (CQA) framework

v/ Model performance maintained above 98% precision for SAEs
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m 3Ms OUTCOME

Monitor:

Continuous Validation pipeline runs
daily regression tests. If performance
drifts >2%, system locks and reverts
to human-only workflow.

Measure:

Reduced validation cycle from
6 months to 2 weeks

Mature:

Transitioned from periodic re-validation
to Continuous Quality Assurance (CQA).



The 90-Day Execution Roadmap

From Assessment to Value Realization

The Audit weeks 1-4

Key Activities:
Deliverable:

©® GxP Systems Inventory & Data Assessment . ,
Regulatory Risk Assessment & Blueprint

© Select One high-value pilot (e.g.,
Medical Writing)

© Define validation strategy

The Build weeks 5-8

Key Activities:
Deliverable:

© Deploy isolated GxP-compliant environment o
Validation-Ready MVP

© Ingest and vectorize document corpus

® Implement HITL workflows

The Pilot weeks 9-10

Key Activities:
Deliverable:
& Parallel Run: Al generates output

alongside human process Validation Report

© Blinded evaluation by subject matter experts
© Validation documentation (IQ/OQ/PQ)

The Launch

Key Activities:
. o I g Deliverable:
ontrolled Release to limited user grou
group Value Realization Dashboard
Enable audit trails and monitoring

Training on "Human Review" protocols

90-Day Timeline Overview

2

Weeks

Launch
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Final Note for CIOs

In Life Sciences, speed is the ultimate metric, but safety is

the ultimate constraint.

The winners will not be those who use Al to generate the most novel molecules, but those
who engineer the most efficient, compliant, and scalable processes to bring those molecules

to patients.

O The AIM® Framework
provides the discipline to engineer certainty into the uncertain business of discovery.

ASSESS

Ready to Engineer Your Al Strategy?

The era of "Al Tourism" in pharma is over.

To validate your high-impact use cases across R&D, Clinical, and Commercial,
schedule a Strategic Al Readiness Assessment.

89 Book Your Life Sciences Al Assessment

AIM?® Industry Blueprint
Life Sciences & Pharma

™ N Gleecus

TECHLABS
Forward Thinking Digital Innovation © 2026 Gleecus TechLabs. All rights reserved.

+1 347 901 4845 hello@gleecus.com www.gleecus.com


https://gleecus.com/contact-us/



