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2 Agenda

• What is Artificial Intelligence

• Where can it be applied in TMF today and in the future

• AI-Assisted QC and Cross-Checks

• Risk based approach

• Predictive completeness

• The importance of human feedback
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What is Artificial Intelligence?
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noun: artificial intelligence;
the theory and development of 
computer systems able 
to perform tasks that normally 
require human intelligence, 
such as visual perception, speech 
recognition, decision-making, and 
translation between languages.
- The Oxford Dictionary



5 Examples of AI in our everyday lives
§ Face ID to unlock your phone

§ Google search results

§ Alexa….What is the weather forecast today?

§ Find the best route with Waze

§ Netflix, show me something I would like to watch

§ Autocomplete in emails and texts (not always so intelligent J)

§ Self-driving cars

§ And many more….
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How does AI learn?

§ AI consists of iterative, ‘learning’ algorithms that utilize:

§ (Big) data + high computing power à to make interpretations, predictions or 
decisions in an autonomous or semi-autonomous fashion

§ Machine learning à derive rules or patterns without the latter being explicitly 
programmed (supervised vs unsupervised)

§ Deep learning à subset of machine learning where algorithms transform data 
over a series of steps (aka layers)
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So how can we leverage AI and ML in 
eTMF?



Document 
Quality Checks

Anomaly 
Detection

Indexing and 
Metadata 
Extraction

Predictive TMF 
Completeness

Risk 
Management

Today Tomorrow



9 What is TMF Quality?

§ All artifacts:
§ Are TMF relevant
§ Meet the requirements of ALCOA++
§ Correctly indexed and filed
§ Are not duplicated
§ Adequately versioned
§ Readily retrievable
§ Tell a complete and accurate story of 

what happened in the study
§ Have a complete audit trail and 

activity log available for inspection

Indexing 
and 

Metadata 
Extraction



10 How do we ensure quality?

ALCOA++
Duplicates

TMF Relevance
Indexing Issues

Indexing Issues
Logical Checks

Missing Information
Content Review

Queries &
Outcomes

Artifact by Artifact Across Artifacts

Initial QC

Metrics

Periodic 
Review

Document 
Quality 
Checks

Anomaly 
Detection



11 Challenges with QC and 
Cross-Checks

Time-
consuming

Error 
prone

Metadata 
capture is 

limited

Misfiling 
issues

Duplicates 
difficult to 

detect
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How can Artificial Intelligence help?



13 AI / ML-driven capabilities

Revealing meaningful insights from large volumes of documents and data

Document indexing
Bulk migration

Addition of individual / small numbers of 
documents (e.g. drag and drop)

Category alternative suggestions

Template matching

Quality checks - individual docs
Duplicate documents

Missing signatures

Missing date

Document translations

Document legibility

Missing pages

Incorrectly named documents

Accurate headers and footers

Correct orientation for viewing

PDF is formatted correctly

Identify draft versions

Improper corrections

Identify personal data that shouldn't be there

Document relationship identification
Metadata identification

Document connectedness

Document clustering



17 Visual Example: 
Metadata extraction

Metadata extraction works by identifying 
key pieces of information within a 
document, including:

▪ Key value pairs

▪ Names of people

▪ Email addresses

▪ Dates

▪ Locations (Country, State, City)



18 Benefits of AI-assisted metadata 
extraction

§ We can extract a lot more data! Not just for filing, but for telling a better story…

§ Artifacts can be cross-referenced more easily to multiple individuals, sites, or 
countries, i.e. Central IRB approvals, 1572s etc.

§ Reduces manual data entry significantly

§ Reduces data entry errors

§ Significantly improves our ability to perform cross checks
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Challenges with AI-assisted metadata extraction

§ Can result in misfiling if values are incorrectly identified

§ There could be competing values for the same metadata field, i.e. approval 
date appears several times in the document

§ Managing data formats especially around date values
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Examples of AI-assisted 
quality checks
Missing information:
• Signatures
• Dates
• Pages

Poorly scanned 
documents:
• Low resolution
• Obscured text
• Incorrect orientation

Process or policy violations:
• Filling of duplicate 

documents
• Draft documents marked as 

"final"
• Documents containing PII 

but should not



21 Benefits of AI-assisted QC
§ We can do a lot more verifications with little or no human intervention

§ Queries should be generated automatically or even in real-time if documents that 
are being uploaded do not pass the tests

§ The TMF management team can focus more on cross checks and periodic reviews 
rather than on basic QC checks

§ These checks could also be run in batch when migrating content into the TMF



22 Benefits of AI-assisted 
oversight

Study 1 Study 2 Study 3

FDA FORM 1572
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Cross checks and anomaly 
management

§ Increased metadata means more information to perform cross 
checks

§ AI can use a combination of pre-defined rules and pattern 
detection to identify anomalies 
§ i.e. Ethics submission for protocol amendment and updated CRF does 

not match approval letter
§ Drug shipment order has a different order number to Drug shipment 

receipt acknowledgement
§ Site missing DIL when all other sites have one for a specific safety event

§ Pattern detection and human feedback can be used by machine 
learning to improve anomaly detection over time
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Advantages of automated 
Cross-Checks
§We can systematically perform AI assisted automated 

cross-checks on all artifacts and as much as we like
§ This means that we can significantly increase oversight and 

improve inspection readiness
§ The study team must still review queries and do periodic 

verification that the AI is still functioning correctly
§A risk-based approach should be used..



25 Predictive completeness
§ Today completeness is very challenging as it is dependent 

on knowledge of events in the clinical trial
§ Ideally we should base our TMF on a process model with 

clear relationships between artifacts
§AI and machine learning could help by

§ Detecting sequences of documents that are related to each other
§ Looking at historical instances of processes and identifying a) 

which artifacts were collected and b) which associated processes 
were triggered

§Placeholder generation is still overseen and managed by 
humans and fed back to machine learning algorithms



26 Risk scoring

§Risk based approach to TMF Management is a mandatory 
requirement 

§Risk scoring is complex and is based on many factors
§An ideal solution would be a combination of a risk scoring 

algorithm which is fed by metadata (extracted by AI) and 
historical risk trends

§Risk scoring can be used to drive automated cross-checks 
and other oversight activities



27 Balance of confidence and 
risk

Document 
processed by 

AI engine

Path determined 
based on prediction 

confidence and 
document risk

Fully 
automated 

filing

AI-assisted 
filing

Risk: lowConfidence: high

AND

Confidence: low Risk: high

OR

Periodic review for 
document type 
identification



28 The importance of human oversight

§ AI tools will generally be used to support human activities, not 
replace them

§ The goal is to help the individual focus on activities that provide 
more value and decrease the risk of human error, by providing 
suggestions to allow the human to make better informed decisions

§ In the context of highly regulated activities or those associated with 
higher risk, AI tools can assist humans to perform optimally by 
reducing manual data entry, as well as repetitive tasks


