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Disclaimer and Disclosures

• The views and opinions expressed in this presentation are those of the 
author(s) and do not necessarily reflect the official policy or position of 
CDISC.
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4. The result



How did we get here?

Workshop CDISC

Need to standardize protocols

Explore new technology
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PHUSE EU Connect 2023 - DDF Workshop - PUBLIC - Wiki (cdisc.org)

ICH M11 guideline, clinical study protocol 

template and technical specifications - Scientific 

guideline | European Medicines Agency 

(europa.eu)

https://wiki.cdisc.org/display/PUB/PHUSE+EU+Connect+2023+-+DDF+Workshop
https://www.ema.europa.eu/en/ich-m11-guideline-clinical-study-protocol-template-and-technical-specifications-scientific-guideline
https://www.ema.europa.eu/en/ich-m11-guideline-clinical-study-protocol-template-and-technical-specifications-scientific-guideline
https://www.ema.europa.eu/en/ich-m11-guideline-clinical-study-protocol-template-and-technical-specifications-scientific-guideline
https://www.ema.europa.eu/en/ich-m11-guideline-clinical-study-protocol-template-and-technical-specifications-scientific-guideline


Phuse EU Connect 2023 – DDF workshop 
(Birmingham UK)
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ICH M11 guideline
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Initial ambition

• Historical protocols – machine readable – searchable library
• Secondary goal: prove machine readable to human readable via existing protocol

• Existing protocol → USDM → human readable

• Future protocols

- SoA :
• Determine:  - cost of study (cost grid of assessments)

   - duration of visit (patient feasibility)

• drive  - protocol consistency (quality and speed)

  - CRF design

• facilitate pooling of data

• issue tracking and risk mitigation
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The Journey

• Team members

SAS: Jean-Charles Haillus (Senior Project Manager, SAS),

  Koen Knapen  (Principal Analytical Consultant , SAS),

  Rens Feenstra  (Principal Technology Solution Consultant , SAS),

  Fadi Glor  (Senior Account Executive , SAS)

argenx: Jasmine Kestemont + Stijn Rogiers (see Bio)  

  Sandeep Juneja  (Clinical Solutions, DML, argenx)

• Semi-weekly meetings + sprint cycles

• Need for both technical expertise and content expertise
Behind the scenes additional domain experts consulted (LLM, Python, ...)
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Scope POC

▪ Do contextual information extraction from 2 clinical trial protocols (early 
and late phase) and store the relevant info into the USDM (excel) 
workbook ... in the right place (in the right field).

▪ Scalability: Make sure the contextual information extraction is generic 
enough such that the text model used works on as many protocols as 
possible (including those never seen during training).

▪ Avoid over-training (over-fitting).
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Timelines
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6 Feb: 

KoM

22 Feb

First view on 

deliverables
28 Feb

Call Dave IH 

Rethink scope

13 Mar

Explore table 
extractors

28 Mar

Image extractor 
issue resolution



USDM Content

13

Study, Identifiers, 

Amendments

Study Designs, 

Arms, Epochs

Detailed Study Logic, 

Encounters

Procedures, Biomedical Concepts

Estimands

Populations

Inclusion & 

Exclusion 

Interventions & 

Indications 

Objectives & 

Endpoints 

Controlled 

Terms

Unstructured Content

Focus for PoC

1. Study Overview (Text)

Study & StudyIdentifiers

2. Inclusion & Exclusion (Text)

StudyDesignEligibilityCriteria

3. Study Objectives & Endpoints (Text)

studyDesignOE

4. Investigational Plan: 

4.1 Study Design (Text + Image)

          studyDesign

4.2 SoA (Table)

mainTimeline

  4.3 Arms (Text)

studyDesignArms 
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USDM Excel
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USDM Excel (Cont’d) 
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POC approach (Cont’d) 

1) Usage of LITI rules for contextual information extraction

LITI includes concept rule types as well as fact rule types.

LITI is proprietary syntax from SAS.
LITI = Language Interpretation for Textual Information

2) Usage of LLM (RAG-for-LLMs) for contextual information extraction

RAG = Retrieval-Augmented Generation

3) PDF Table Extractor(s)

4) PDF Image Extractor(s)

5) Load from SAS tables into Excel and Word in an automated way 

 while retaining the link i.e. if the info in the SAS table changes, then you can just 

 refresh the *.xlsx or *.docx file to see that new info reflected.

162024 Europe CDISC+TMF Interchange | #ClearDataClearImpact



Web 
Browser

CAS (in-memory engine)

CAS 
Control ler

CAS WorkerCAS WorkerCAS Worker
…

Microservices 
(controllers)

SAS (multi-threaded)

SAS 
Compute 

Server
GPU’s

Micro

Services Python (single-threaded)

The environment: 
SAS Viya + Open Source 

Kubernetes



Comparison of 2 ways for 
information retrieval / contextual extraction

LITI – rules (SAS VTA)
• It’s “Regular Expressions on steroids”.

• Knowledge (and effort) required to write linguistic rules with 
correct syntax.

• Some patterns are hard to come by (because they are 
complicated, non-standard, with a lot of variety in the 
language …).

• You need some preliminary knowledge on the topic at hand 
and on what you want to catch!

• Rules are easily overfit (too specific) if n° of training docs is 
low.

• Library of LITI-rules can / should grow very big to guarantee 
a high hit rate. 

• Results are “proven”, non-debatable (there’s a clear match 
in the text).

• Relatively light in terms of resource usage (and cost).

• page breaks and headers and footers are no gift.

• special and non-printable characters pose no problem.

RAG – LLM (offline model)
• It’s generative AI.

• Knowledge required to do proper prompt engineering 
(designing the user query). But much less effort required. It’s 
just an API-call to a pre-trained model.

• If the context around a particular topic can vary widely from 
document to document, there is a clear advantage. 

• It’s generative AI, so some of the info returned can be made 
up (hallucination).

• Implementing offline models (internalization) and maintaining 
them is labor-intensive.

• Heavy and intensive in terms of resource usage (even for one 
or a few documents). Often, several GPUs are needed, and 
run-time is considerable.

• Scaling (expand the scope) is easier here.

• page breaks and headers and footers are no gift.

• special and non-printable characters pose no problem.



Example of challenges LITI/LLM
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INCLUSION CRITERIA EXCLUSION CRITERIA

Documents (clinical trial protocols)

document 
partitioning 
( training / 

validation / test ) Number

Number 
Captured with 

LITI

Number 
Captured 
with LLM Number

Number 
Captured 
with LITI

Number 
Captured with 

LLM

Protocol - 13 Feb 2020.pdf TRAINING 15 15 11 22 22 5

Protocol_22Jul2020.pdf TEST 7 5 0 20 8 34

EliLil ly_NCT03421379_Diabetes.pdf 10 7 1 26 18 0

Roche_NCT04320615_COVID.pdf 7 4 0 12 5 0

CDISC_Pilot_Study.pdf 8 3 0 23 5 0

Legend :

perfect

> 75 % hit rate

between 60 % and 75 % hit rate

< 60% hit rate



Overcome challenges ( LITI / LLM ) 

• Pre-processing steps
o Introduced to support both LITI and LLM

o Divide the document into ToC – sections !!

• Post-processing steps
o LITI rules - too specific to scale
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Python packages explored for splitting 
protocols into chunks

• PyMuPDF==1.23.26 :

• Table of Contents was extracted in a (structured) *.JSON file.

• JSON file was imported in SAS table … containing the ToC

• Protocol was then split in chunks with SAS-code (SAS code is 
automatically and dynamically generated completely driven by the 
ToC-table)



ToC (Result) 

22



Process diagram for contextual extraction with LITI rules

CAS table

VARCHAR column

LITI-rules applied to 

documents as a whole

Split documents

- sentence splitter

- paragraph splitter

- section splitter 

(driven by ToC)

LITI-rules applied to 

selected split sections
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Result after pre-/processing
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* - double entries and missing entries

Legend :

perfect

> 75 % hit rate

between 60 % and 75 % hit rate

< 60% hit rate

INCLUSION CRITERIA EXCLUSION CRITERIA

Documents (clinical trial protocols)

document 
parti tioning 

( tra ining / 
val idation / test ) Number

Number Captured 
with Base SAS

Number Captured 
with LLM Number

Number Captured 
with Base SAS

Number Captured 
with LLM

Protocol  - 13 Feb 2020.pdf 
TRAINING 15 15 12* 22 22 19

Protocol_22Jul2020.pdf TEST 7 7 6 20 20 34*

El iLilly_NCT03421379_Diabetes.pdf 10 10 10 26 26 26

Roche_NCT04320615_COVID.pdf 7 7 7 12 12 12

CDISC_Pi lot_Study.pdf 8 8 8 23 23 23



Process diagram for contextual extraction with RAG-LLM

LLAMA-V2
7B model

User query
Prompt Engineering
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Source: Information extraction w ith 

LLM | Chetan Khadke | Medium | 

Medium

Variations in prompts, embeddings, 

models, tokenizers and questions !  

https://khadkechetan.medium.com/information-extraction-with-llm-chetan-kkhadke-cc41674b380
https://khadkechetan.medium.com/information-extraction-with-llm-chetan-kkhadke-cc41674b380
https://khadkechetan.medium.com/information-extraction-with-llm-chetan-kkhadke-cc41674b380


GPU power required for LLMs
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Python packages explored 
for table and image extraction

• tabula-py==2.9.0 : not good enough to capture SoA

• camelot-py==0.11.0 : not good enough to capture SoA

• pdfminer.six==20231228 : not held back

• PyMuPDF==1.23.26 : 

• PyPDF2 (for image extraction) was not tested

• PaddleOCR currently under exploration

Note: The AZURE service «Optical Character Recognition (OCR) - Azure AI 
Document Intelligence Table Extraction» was not (yet) tested. 
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Image extraction



Image extraction
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Imaginary, but not really imaginary data



Table Issues
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Realizing USDM is more than a protocol template 
model
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Trial Design 

tables

eTMF
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And Realizing that a process is still needed together 
with USDM
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End Result (SoA)
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From USDM to Protocol



Conclusion

• From human to machine – challenging, but not impossible
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Next steps

• Short term (Q2/Q3)
• Leverage Open AI service (commercial models) instead of LLAMA-V2 7B model as prep 

finalization internal business case.

• Mid term (End 2024 – begin 2025)
• focus on CTPS (concept sheet)

• Longer term - protocol builds
o Cost

o Technology (no off-the shelf available yet?), we are biotech … not software builders

o Change management

o New roles
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Interested in cont’d progress ?

SAS Innovate, Rotterdam,

Tuesday June 11, 2024

PHUSE EU Connect, Strasbourg (if accepted ☺)

10-13 Nov, 2024



Thank You!
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