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1. The Naïve Approach & Learnings

2. LLM-Driven Pipeline

3. Results & Hard Problems

4. Takeaways & Questions
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Can we just ask Claude?

• Single medical history page

• Capable model
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Let’s try
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What did Claude do?

Claude 4.6 adaptive mode, ran for ~5min on one page

• Parsed the CRF PDF to extract exact field 
coordinates

• Tried to map each field to its SDTM MH domain 
variable

• Applied border conventions: solid (collected), 
dashed (derived), gray (not submitted)

• Overlaid annotations programmatically using 
PyMuPDF
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What actually happened
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How does an AI Agent work?

Image Credit: k21academy.com
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Naïve approach – Let’s analyze the results

What didn’t work:

• Other domains on this form just labeled [NOT 
SUBMITTED] -> no recognition of cross-domain 
relationship or target variable 

• Unexpected/excessive derived variables

• Wrong formatting of annotations and overlapping 
placement

• Hallucinations

-> Not useful like this
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Naïve approach – Let’s analyze the results

What worked:

• Domain label "MH (Medical History)" 
parenthetical style is MSG v2.0-compliant

• Border type logic — solid line for collected 
variables (MHTERM, MHSTDTC, …), dashed for 
derived/assigned (MHSEQ, STUDYID, MHDECOD, 
MHBODSYS, MHENRF)

• SUPPXX identification: SUPPMH: MHTREAT

• [NOT SUBMITTED] handling 
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Without structure, it is like handing a smart intern a blank 
CRF and saying "annotate this" — without giving them the 
SDTMIG, a mapping template, or a review checklist.
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Where LLMs add value and where they don’t

• They are strong at semantic 
interpretation

• They can handle noisy CRF 
text

• They are good at tool calling

LLM Strengths

• They are weak at strict 
geometry and coordinates

• They are weak at repeated-
group and multi-page 
continuity logic

• They are not reliable enough 
for standards compliance 
alone

Structured Logic

• LLM-guided annotation 
inside a rule-based, validated 
pipeline.

• Deterministic code is needed 
for validation, normalization, 
and reproducibility.

Hybrid Approach
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CRF annotation can be decomposed into clear steps

1 2 3 4 5

Extract

Extract field 
structure, classify 

pages

Map to SDTM

LLM assigns 
domain, variable 

name, and 
collection status per 

field

Validate

Rule-based 
SDTMIG 

compliance checks 
and derivation logic

Annotate

Place labels on PDF 
according to MSG 

guidelines

Review

Human QC with 
accept, edit, or 

reject per 
annotation

Automated feedback loop

Existing mapping library
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Giving the agent structure, tools and guardrails
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Another example
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Benefits of an AI enabled approach to aCRF

Generic to any CRF structure
Handles non-standard layouts and freeform text where purely deterministic rules break down

Draft in minutes, not days
Turns multi-day manual annotation work into a near-instant first pass ready for review

Traceable annotation decisions
Each mapping decision can be linked back to the LLM’s reasoning, making QC easier/transparent

Continuously improving
LLM capabilities are advancing rapidly — accuracy gains can compound over time
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The hard problems: Where LLM automation struggles

Multi-visit detection
Tracking variable groups reliably across large context 
windows

Dense checkbox and criteria blocks
Hierarchical inclusion/exclusion grids are difficult to 
parse and annotate consistently

Output consistency across re-runs
LLM non-determinism causes annotation drift; 
seeding and temperature control only partially help

Ambiguous domain selection
Sparse CRF context makes domain assignment 
uncertain without protocol knowledge

Missing context on the CRF
Forms often omit study-specific coding conventions 
that a human annotator would know

Annotation placement on crowded pages
Avoiding overlapping labels and connector clutter on 
dense multi-column forms
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Key Takeaways

● Naïve LLM prompting is not enough: structure, tools, and guardrails are essential

● A hybrid approach can work: LLMs for semantic reasoning, deterministic code for 
validation

● Decomposing the pipeline into clear steps is what makes automation possible

● Current capabilities can already produce useful first drafts, but human review remains 
essential

● The technology is improving rapidly
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Please reach out if you have any questions!

Constantin Weberpals
constantin.weberpals@cdtm.com
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