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Abstract

Current models driving the generation, delivery, and reuse of statistical analyses are 
ill-equipped to maximize the full strategic value of the insights generated in tables, listings, and 
figures (TLFs). Static displays lock value in the highly variable, non-standard structures of PDFs, 
RTFs, HTMLs, and other proprietary output formats, when a more structured storage approach 
would yield far greater returns on investment. Statistical output rendered into standardized, 
machine-readable formats allows for applications to more fully exploit the value generated in 
the statistical analysis phase of clinical trials. This paper explores practical implementations of 
AI-driven table analysis, standardized metadata frameworks, and automated generation 
capabilities that demonstrate measurable improvements in efficiency, traceability, and 
analytical reusability. Each of these applications promises reduction in study startup time, 
greater efficiency through automation and standardization, and resource optimization through 
Write Once, Read Many methodologies.
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● Valuable insights locked in static formats 

● Highly variable, non-standard structures across 
sponsors and teams

● Redundant efforts: same stats generated, 
validated, reviewed multiple times, for various 
functional units

● Inconsistent structure and terminology of 
protocols, SAP, and TLF specs hinder linkage of 
study objectives, analytical approaches, and 
output specifications

● Limited traceability to source data, specs, and 
analytical decisions

● Difficult to rapidly adjust outputs for new data, 
formats, or study requirements

Static Displays Limit 
Automation and Reuse
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Transformation from 
Static Documents to 
Analytical Intelligence
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● Parsing files: Deconstructing down to the cell 
level, categorizing and linking objects

● TLF metadata is extracted and clustered to 
facilitate standardized validation checks and 
automated analysis

● Enables connections between table sets and:

○ Standards - search and compare
○ Multiple places within a table or table set
○ Table sets across studies 

● AI model improves over time as more data are 
incorporated, and is easily adapted to new 
data, such as new formats and new logical 
groupings

AI-Enabled Conversion 
of Static Files into a Robust 
Structured Database
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Real-World 
Implementations

7

● Automated validation checks
● Automated output generation

○ Review metadata alignment between 
table entities and ADaM

○ Alignment saved and applied to 
subsequent checks and analyses

● Traceability 
○ Automated traceability from outputs 

to ADaM
○ Activity Log records changes

● Compatibility with standards such as 
CDISC ARS framework 

Digitize files

Metadata Extraction

AI-Enabled Validation

Output Generation

Traceability to Source

Activity Log

Compatibility
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Real-World Implementation

Automated Validation 
Checks
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Run Automated Validation Checks 
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Run Automated Validation Checks 
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Real-World Implementation

Automated Output Generation 
& Traceability 
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Innovative Approach for Output Validation
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Within the Verify Platform:

● Dedicated interface to 
inspect, validate, and flag 
discrepancies 

● Embedded automation to 
identify mismatches and 
inconsistencies

● Integrated mechanism for 
programmers to document 
and communicate issues



13
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Extracting Entities
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Calculated Table based on ADaM Datasets
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Traceability
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Traceability
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Comparison to Base Table
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Verify Agent
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Verify Agent
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Metadata Curator: Study-Specific Support
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Real-World Implementation

Compatibility with 
Standards 
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Write Once, Read Many (WORM) Programming Model
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Compatibility with 
CDISC ARS 
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→ CDISC ARS provides a standard structure to 
represent analysis results and qualifying 
metadata to support traceability, reproducibility, 
reusability and quality 

→ Verify parses outputs, identifies key metadata 
elements of a table, and represents outputs in 
standard format

→ This standard format (Verify ARS) is used as the 
underlying metadata structure for the metadata 
repository

→ It is often used when organizations already have 
TFL but want to standardize post hoc using ARS 
principles, or Enables back-standardization of 
legacy studies and outputs.

Key Metadata Elements of a Table
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→ Steps:
1. Extract metadata from TFL, TLF shells, or specifications
2. Map TFL content to standardized ARD fields
3. Generate ARM metadata
4. Reconstruct ARD datasets

Linked Analysis Results & Associated Metadata
→ Example:

Results Statistic (blue) linked to how to get 
the statistics: “for ADSL variable SEX, count 
distinct USUBJID grouped by TR01X” 

Analysis Results and Associated Metadata Example
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AI Processing Pipeline

● Document parsing

● Entity extraction

● Relationship mapping

● Automated validation checks

● Discrepancy identification

Human Review Interface

● Clear presentation of 
AI-identified elements

● Intuitive tools for reviewing and 
modifying metadata

● Feedback capture mechanisms

● Activity logging for audit trails

Learning Loop

● Capture of human decisions 
and corrections

● Integration of feedback into 
training data

● Continuous model improvement

● Performance monitoring and 
metrics

Evolution of Clinical Research Analytics: 
Human-AI Integration 
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Clinical Trial Data Flow

Collection 

EDC

Labs

IVRS

ePRO

ECOA

Storage SubmissionTransformation & Analysis

SCE

How Verify Fits into Clinical Workflows

              AI Capabilities

Automated Metadata 
Extraction and Storage TLF Validation

Output Generation: 
No-code approach Traceability

TLFsADaMSDTM

API

          From aCRFs to CSRs

API

API

Knowledge EngineWorkflow +

Submission 
software 

Storage 
platform:

Data systems, 
cloud storage, 

applications, and 
infrastructure 
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Q&A
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• Thank You!

achinoam@beaconcure.com  


