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Metadata Only Systems

General Purpose LLMs

• Rigid architectures
• High manual rework when protocols/SAPs change

• Lack CDISC context
• Inconsistent outputs
• Insufficient traceability for regulatory use
• Hallucinations

LIMITATIONS OF CURRENT 
APPROACHES
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Why Hybrid?

Hybrid AI combines

• Neither rules nor LLMs alone are sufficient for 
regulated workflows

• Metadata-driven automation
• (CDISC, deterministic, traceable)
• Constrained LLM Augmentation
• (context-aware, flexible, semantic)

HYBRID AI: BRIDGING THE 
GAP

Outcome
• Flexibility with control
• Intelligence with auditability
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METADATA-FIRST ARCHITECTURE

Variable-level 
metadata: 

source, 
derivation intent, 

terminology

Analysis intent 
metadata for 

TLFs

Metadata reused 
across specs, 
datasets, and 

outputs

ADaM 
specifications as 
structured inputs



6

VARIABLE-GROUP DECOMPOSITION: A 
PRACTICAL TECHNIQUE

Reduces dependency errors and improves validation

Common 
variables

Copied-from-
source

Dates and timing

Parameterized 
variables

Flags/populations
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Libraries

Datasets

Source Variables

Merged Variables

Export format

Variable Groups 

Section



DEPENDENCIES

Software Versions & Release Info

•tidyverse – v2.0.0 (CRAN)

•haven – v2.5.5 (CRAN)

•admiral – v1.4.1 (CRAN)

•GPT-4o – March 26, 2025



HYBRID CODE GENERATION

•Metadata defines the contract

•LLMs operate within that contract

Enriched metadata includes
•Library & execution metadata

– admiral, dplyr, haven (fixed dependencies)

•Dataset-type metadata

– ADSL, BDS, OCCDS (drives structure & patterns)

•Source dataset metadata

– VS, DM, EX (constrains available inputs)

•Merge & join metadata

– ADSL joins on STUDYID / USUBJID

•Variable grouping metadata

– SDTM-origin, ADSL-merged, derived variables

– Enables bounded, reviewable code blocks

•Output & export metadata

– XPT format, versioning, naming conventions

•ADaM specification metadata

– Predecessor, computation, label, datatype



TRACEABILITY AND AUDITABILITY

•Metadata-driven lineage

•Semi Deterministic regeneration 

    of datasets across runs

•Audit-ready outputs



12KPIs: MEASURING SUCCESS



https://k3-innovations.com/
https://sparcgen.com/

https://sparcgen.com/demo

✓ AI must be metadata-native to be regulator-ready

✓ Hybrid architectures balance flexibility with control

✓ Deterministic automation and LLMs are complementary

✓ Platforms like SPARC demonstrate a practical path 

forward

Conclusion
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THANK YOU!!
CONTACT US

To know more on our solutions, visit : info@k3-innovations.com

Please contact +1-732-645-8366 101, or https://www.k3-innovations.com/

101 Morgan ln, Suite 206, Plainsboro, New Jersey 08536
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