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§ Pre-market setting: clinical trials of drugs 
§  Limitations: Time constraints, population size and potential bias 

 
 
 

not sufficient to detect 
all possible safety issues 

§ Post-market surveillance: continuous monitoring throughout the 
time a drug is actively prescribed 

many heterogeneous data sources to investigate 
(e.g. spontaneous reports, observational healthcare data, literature, social media, etc.) 
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§  Signal (in Pharmacovigilance): 
§  Any information (reported or computationally extracted) on an unknown / 

incompletely documented possible causal relationship between a drug and an 
adverse effect 

§  Signal Detection Method: 
§  Computational method aiming to identify pharmacovigilance signals 
§  Designed to operate on a specific type of data (i.e. contingency tables of drug-

condition pairs) 
§  Offers a set of parameters / analysis options, e.g. thresholds for decision making, 

ranking criteria, etc. 
§  Results in a ranked list of drug-condition pairs along with features denoting their 

statistical significance 

§  Signal Detector: 
§  A software implementation of a signal detection method executed based on a 

specific parameterization 
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1Gamma Poisson Shrinker, used by FDA to screen reports gathered in FAERS. Details: W. DuMouchel, “Bayesian data mining in 
large frequency tables, with an application to the FDA spontaneous reporting system”, The American Statistician, 53, 1999, 190–6. 
2 I. Ahmed and A. Poncet, “PhViD: an R package for PharmacoVigilance signal Detection”, http://cran.r-project.org/web/packages/PhViD/  
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§ Develop a platform capable of exploiting and complementing 
evidence obtained from diverse, existing signal detection 
methods and data sources 

§ Why: 
§ Uncertainty in the results obtained from all types of 
computational signal detection methods 

§ Accurate indications & timely decisions required 

Position statement: 
§ Each method and data source may contribute at a different 
level in complementing our knowledge on drug safety risks 
→  An integrative perspective may add value! 
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§  Practical Perspective: 
§  Are sufficient and appropriate methods and data available to implement the integrated 

approach? 

§  Technical Perspective: 
§  How can this integration be systematic and large-scale? 
§  How to obtain a combined, prioritized list of the findings? 

§ End-user Perspective: 
§  How can I use all these methods without having to be an expert in statistics? 

§  How can I setup an analysis experiment based on my interest? 
§  How can I make my results understandable and easy to share with other researchers? 
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Social Media 
Streams 

(Programmatic 
Access) 

Bibliographic 
Databases 

(Programmatic 
Access) 

FAERS 
Spontaneous 

Reports 
(Programmatic 

Access) 

OMOP 
Simulated 

Data 

Trend toward the provision of programmatic access to data sources 
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§  Disproportionality Analysis (DP) - OMOP Research Team 

§  Univariate Self-Controlled Case Series (USCCS) - OMOP Research Team 

§  Observational Screening (OS) - ProSanos Corporation 

§  Multi-Set Case Control Estimation (MSCCE) - OMOP Research Team 

§  Bayesian Logistic Regression (BLR) - OMOP Research Team 

§  Case Control Surveillance (CCS) - Lilly 

§  IC Temporal Pattern Discovery (ICTPD) - Uppsala Monitoring Centre 

§  Case-Crossover (CCO) - University of Utah 

§  HSIU Population-Based Method - Indiana University 

§  Maximized Sequential Probability Ratio Test (MSPRT) - Harvard Pilgrim 

§  Conditional Sequential Sampling Procedure (CSSP) - Harvard Pilgrim 

§  High-Dimensional Propensity Score (HDPS) - OMOP Research Team 

§  Incident User Design (IUD-HOI) - M. Alan Brookhart 
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1http://omop.org/MethodsLibrary 
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Exposing analysis methods 
as Web services to facilitate 

programmatic access 

Formal description of methods and data 
Instantiation for available implementations 
Definition of analysis experiments in ontology 
terms (input data, parameterizations, output) 

Prioritization 

PharmacoVigilance Signal Detectors 
Ontology (PV-SDO) 

FOCUS OF 
THIS WORK 
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§  Semantic harmonization of domain concepts: 

§  classification and annotation of data sources for signal detection (either for 

discovery or filtering) 

§  classification of signal detection methods 

§  classification of analysis parameters, performance metrics and ranking criteria 

that can be set/used by signal detection methods 

§  Facilitate the definition of drugs and health outcomes of interest through 

semantic mappings 
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Indentation denotes class-subclass relation 
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Illustration of the problem 
PV-SDO 
mappings for 
Gastrointestinal 
Bleeding 

Table source: R. Harpaz et al., Combing signals from spontaneous 
reports and electronic health records for detection of adverse drug 

reactions, J Am Med Inform Assoc. 2013;20(3):413-9. 
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Example: Provenance of analysis outcomes (fictive data) 
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Is the ontology sufficient 
to describe methods 
which were not part of 
the source knowledge 
employed in the design? 

Test with new published methods 

V. Koutkias & M.-C. Jaulent, Leveraging Post-marketing Drug Safety Research through Semantic Technologies: The 
PharmacoVigilance Signal Detectors Ontology, SWAT4LS Workshop, Berlin, Dec. 10, 2014. 



18 

Online survey 

Current version of PV-SDO: 1,312 axioms, 101 
classes, 34 object properties, 32 data properties and 

168 individuals 



§  Support the detection of true associations – reduce false positive findings 
through replicated signaling; 

§  Support timely decisions: the “many sources – many methods” setting may 
provide faster indications; 

§  Address the event-based and data-source based differential performance of 
methods; 

§  Address the fact that no individual approach to detect signals is adequate and the 
concurrent use of multiple methods is essential, 

by hiding the complexity for end-users (i.e. drug safety experts and regulatory 
authorities) 

19 V. Koutkias & M.-C. Jaulent, Leveraging Post-marketing Drug Safety Research through Semantic Technologies: The 
PharmacoVigilance Signal Detectors Ontology, SWAT4LS Workshop, Berlin, Dec. 10, 2014. 



§ PV-SDO: 
§ Complete revisions based on signal detection experts’ feedback 
§  Investigate extension with domain knowledge, e.g. for method selection 
§ Provide a comprehensive resource for end-users 

§ PV-SDO availability: 
http://bioportal.bioontology.org/ontologies/PV-SDO, currently 
private access – publicly available soon! 

§ Focus on favorable test cases (adverse effects and/or drugs) and 
scenarios (e.g. targeted vs. strong signal identification) 

§ A proof-of-concept end-to-end integration and evaluation 
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