Semantic Web Scientific Discourse and Natural Language Processing to Enhance Drug-mechanism Knowledge in Drug Product Labels

Objective

Demonstrate the feasibility of a novel approach that leverages Semantic Web Scientific Discourse and NLP to automatically identify information that may update or expand upon statements in drug product labels

Stakeholders

Pharmaceutical industry, Drug regulators, drug information resources, patients, academics, clinical researchers.

Summary 

Multiple studies indicate that drug-drug interactions are a  significant source of preventable adverse drug events. Factors contributing to the occurrence of preventable ADEs resulting from

DDIs include a lack of knowledge of the patient's concurrent  medications and inaccurate or inadequate knowledge of interactions by health care providers. FDA-approved drug product labeling is a major source of information intended to help clinicians prescribe drugs in a safe and effective manner. Unfortunately, drug product labeling has been identified as often lagging behind emerging drug knowledge; especially when it has been several years since a drug has been released to the market. This use case would explore a novel approach that employs Semantic Web Scientific Discourse technology and natural language processing (NLP) to identify drug mechanism information that may update or expand upon statements present in product labeling. 

Value Proposition

1. Post-market drug safety:
Preventable adverse drug events (ADEs) include situations where a patient is harmed because a clinician fails to avoid, or properly manage, an interacting drug combination. Multiple studies indicate that drug-drug interactions (DDIs) are a significant source of preventable ADEs [1,2]. Factors contributing to the occurrence of preventable DDIs include a lack of knowledge of the patient’s concurrent medications and inaccurate or inadequate knowledge of interactions by health care providers [3, 4]. FDA-approved drug product labeling (aka “package insert”) is a major source of information intended to help clinicians prescribe drugs in a safe and effective manner [5]. Unfortunately, drug product labeling has been identified as often lagging behind emerging drug knowledge; especially when it has been several years since a drug has been released to the market. For example, very few labels for drugs approved in the early 1980s provide pharmacokinetic information such as mechanisms of hepatic elimination and the percentage of drug eliminated by renal excretion [5]. Similarly, a study in 1999 found that 10% of the drugs approved between 1992 and 1997 did not include findings from existing in vitro metabolic studies [6]. Moreover, Hines et al found that only 15% of the PIs for drugs commonly known to interact with warfarin stated so [7].Finally, improving the content and presentation of product labeling is one of the approaches recommended by the Institute ofMedicine for reducing medication errors and ADEs [8].

2. Many drug package inserts do not satisfy the current mandate to include all information on drug metabolic pathways and drug-drug interactions:

The FDA recommends that all relevant information supporting or refuting assertions about a drug’s metabolic pathways and potential drug-drug interactions (DDIs) be included in the label [9]. However, previous analyses (e.g., Hines et al  [7] and Boyce   and Conway [10]) show that there are several cases where FDA-approved product information is out of date and incomplete. In many cases, the information missing from product labeling is available in the current research literature. A “mashup” technology that automatically annotates statements that are out-of-date or missing from the PI with specific bibliographic references to the relevant literature may improve the content of drug product labeling leading to better information for prescribers, patients, drug information resources, and clinical decision support systems.

An essential requirement of the proposed technology is a data model that a computer can query for evidence related to specific assertions about a drug’s pharmacokinetic properties or its pharmacokinetic intaractions. Scientific Discourse is an important Semantic Web technology that allows the user access to the knowledge claims present in research articles. Once texts are augmented with such markup, it is feasable that statements in PIs could be linked to claims that may update or complete the PIs information. Our use case focuses on testing this feasibility of this idea for a large set of PIs and claims.

Methods

· Data integration

· Text mining

· Fact extraction

· Scientific Discourse ontologies

Components

· Use case in detail (listing hypotheses, content sources, etc). 

· Corpus - content sources

· Scientific Discourse Ontology

· Linked Data repository

· “Epistemic markup” - linking knowledge claims to experimental evidence

Deliverables

1. Establish a medication safety domain of interest, develop a collection of PIs and claims about drug metabolic pathways and DDIs 

2. Define a (large enough) collection of content in this domain that offers adequate mining capabilities

3. Make this content accessible in a form that allows efficient Natural Language Processing. 

4. Decide on a Scientific Discourse ontology (possibly SWAN or ScholOnto?)

5. Run NLP algorithms on the content sources

6. Generate 'mashup' views of drug PIs that highlight information that potentially updates of completes information in the PI

7. Expert users sample the mashups for validity and answer “does the approach help improved the completeness of the PI?” (probably few iterations here)

8. Once there is ok from all partners on 

· Domain

· Content

· Scientific Discourse ontology

· NLP work - perform large-scale implementation

9. Wide-scale user testing

10. Communication to world at large. 

Partners

Possible pharma industry partners: 

· ?

Drug Informatics partners:

· Richard Boyce, University of Pittsburgh

Possible drug information partners:

· EPocrates

Content providers: 

· MEDLINE abstracts in PubMed

· FDA-approved drug PIs from DailyMed 

Text mining collaborators:

· Henk Harkema, University of Pittsburgh

Scientific Discourse ontology specialist: 

· ?

Success Criteria

1. Ability to generate mashups for a significant number of PIs that provide complete and up-to-date content on drug metabolic pathways and DDIs.

2. Ease of replication for other drug PIs

3. Possible test integration into the Structured Product Labeling

Other desirable outcomes

1. Improved state-of-the-art in claim identification (text mining).

2. Improved state-of-the-art in scientific discourse modeling.
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