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Agenda

1. Current State of TLF Production and Validation

2. The Problem: What Lies Between ADaM and TLFs

3. Future State: CDISC to the Rescue!



Current State of TLF Production and 
Validation
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Current State of TLF Production 
and Validation

● Tables, Listings, and Figures are designed and shells created. 
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Current State of TLF Production 
and Validation

● Tables, Listings, and Figures are designed and shells created. 

● Raw data is transformed to SDTM structure using a robust CDISC SDTM 
methodology.

● SDTM is then transformed to ADaM structure for analysis using a 
combination of CDISC ADaM structural framework and the statistical 
analysis plan.

● Tables, Listings, and Figures are then generated using…
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The Problem: 
What Lies Between ADaM and TLFs

● Obstacles to effective TLF development



General instructions in the protocol
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Programming notes in Statistical Analysis Plans (SAP)...Programming/Statistics Notes in SAP
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Programming notes in standard specs…Programming Notes in Standard TLF Specs
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Programming notes in Excel…
Now We’re getting somewhere…
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Current State Obstacles to Effective Programming

● Each of these documents is bespoke, tailored to the requirements of the 

protocol that governs the trial. 
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● Each of these documents is bespoke, tailored to the requirements of the 

protocol that governs the trial. 

● Each of these documents takes multiple weeks to develop and is continually 

updated (save for the protocol) and refined right up until database lock. 

● Each of these documents appears to have structure, but natural variability in 

study purposes results in limited carryover from study to study within a 

compound’s development, and even from table to table within the same study.
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Current State: Obstacles to Effective Programming

● Each of these documents is bespoke, tailored to the requirements of the 

protocol that governs the trial. 

● Each of these documents takes multiple weeks to develop and is continually 

updated (save for the protocol) and refined right up until database lock. 

● Each of these documents appears to have structure, but natural variability in 

study purposes results in limited carryover from study to study within a 

compound’s development, and even from table to table within the same study.

● Study level metadata  and results data are generated post-hoc (in the 

define.xml); however, it does not facilitate automation, repeated use, and 

reflects the lack of standardization found in the source documents.
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Even within these ‘standard documents’ 

the metadata and results data 

are not standardized. 

How do we know this?
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Common Theme



Future State: CDISC to the Rescue!

Refining the metadata layer between ADaM and TLFs with
Analysis Results Standards (ARS) and 
Analysis Results (Meta)data (ARD)
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TLF (Meta)data Ecosystem: Current State
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Validated

Output Targets

TLFs

CSR

Patient Profiles

DSUR

PSUR
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ARM

Input Objects

• Protocol

• Raw data

• SDTM 

data/specs

• ADaM

data/specs

• SAS 

macros/code

• SAP

• TLF Shells 

API Verify

Application Layer

ARS

ARM

ARD

TLF (Meta)data Ecosystem: Future State

Metadata Layer
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● Either upload all your delivery 
files(TLFs, Table of Contents, TLF 
shell documents) to Verify 
application, or link directly through 
an API

● Application parses your files,
deconstructing down to the cell 
level, categorizing and linking 
objects

30

Model data ingestion
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AI-Enabled Conversion of TLFs into a 
Robust Structured Database



Fully parsed data facilitates semantic understanding 
of different tabular data.
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TLF (Meta)data Ecosystem: Current State
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Standard Demographics Table
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Identifiers

Group Vars

Result Vars

Statistics

Standard Demographics Table
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Standard Demographics Table Shell



Analysis Results (+) Metadata
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Identifiers Group Vars Result Vars Statistics

Number Title Dataset Variable Value Variable Label Value Name Label

15.1.4.1

Demographics

Safety Analysis 

Set ADSL TRT01a

MP500

8 ug/kg

(n=3) AAGE

Age (years) 

[a] 3 Count N

15.1.4.1

Demographics

Safety Analysis 

Set ADSL TRT01a

MP500

8 ug/kg

(n=3) AAGE

Age (years) 

[a]

66.7 

(6.11)

Mean

(standard 

deviation)

Mean 

(SD)

15.1.4.1

Demographics

Safety Analysis 

Set ADSL TRT01a

MP500

8 ug/kg

(n=3) AAGE

Age (years) 

[a] 68 Median Median

15.1.4.1

Demographics

Safety Analysis 

Set ADSL TRT01a

MP500

8 ug/kg

(n=3) AAGE

Age (years) 

[a] 60, 72

Minimum, 

Maximum Min, Max



● ARS-standardized TLF metadata enables rapid TLF identification and 
selection from a growing database of displays of all shapes and sizes

● Where new displays are required, software will make suggestions based 
on input parameters. 

● Where existing metadata are not sufficient for production or validation 
tasks, Humans-in-the-loop provide last-mile input once to complete

● As metadata store grows at an organization, the AI algorithms become 
more efficient and more accurate, making better suggestions and 
requiring less human-in-the-loop interventions
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Future State of TLF Development
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Analysis Results Standards (ARS) provide a framework to capture structural 

aspects of the displays, as well as the results data in the body of the TLFs.

This common structure of ARS data facilitates: 

● Rapid development of TLFs during the statistical analysis design phase

● Consistency in TLF design across compounds/phase/TAs/organizations

● Linkages back to ADaM datasets, creating automated validation 

pathways, opportunities for data reuse

Summary



412024 US CDISC+TMF Interchange | #ClearDataClearImpact



References

Large-scale TFL Automation for regulated Pharmaceutical trials using CDISC 
Analysis Results Metadata (ARM); Malcolm  

Pre-launching CDISC Analysis Results Standards PHUSE US Connect 2023; 
Busa, LeRoy
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Thank You!

drug development 
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