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"I want to take the clinical 
trials results..." 

"..and put them in a pretty 
graph!" 

          Placebo     LowDose     HighDose 
Baseline  N=28        N=30        N=29 
--------------------------------------------- 
Sex 
     F    12 (42.9)   14 (46.7)   16 (55.2) 
     M    16 (57.1)   16 (53.3)   13 (44.8) 
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Introduction to  
Directed Graphs 
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Resource Description Framework  (RDF) 
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What does it look like in RDF (TURTLE) syntax ? 8 

@prefix owl:  <http://www.w3.org/2002/07/owl#> . 
@prefix rdf:  <http://www.w3.org/1999/02/22-rdf-syntax-ns#> . 
@prefix rdfs: <http://www.w3.org/2000/01/rdf-schema#> . 
@prefix ts:  <http://www.example.com/ns/theSimpsons#> . 
 
ts:i7832 
  ts:firstName “Homer”  ; 
  ts:lastName “Simpson” ; 
  ts:hasSpouse ts:i5628 . 
  
ts:i2314 
  ts:firstName “Julius” ; 
  ts:lastName  “Hibbert”; 
  ts:hasPatient ts:i5628 . 
 
ts:i5628 
  ts:firstName “Marge”; 
  ts:lastName  “Simpson”; 
 
ts:hasSpouse 
  rdf:type     owl:Symmetric Property ; 
  rdfs:comment “Identifies someone’s spouse” . 
ts:hasPatient 
  rdf:type rdf:Property 
  rdfs:comment “Identifies a doctor’s patient” . 
ts:hasDoctor 
  rdf:type      rdf:Property ; 
  rdfs:comment  “Identifies a patient’s doctor” ; 
  owl:inverseOf ts:hasPatient 
 
 
 



Semantic Web & Linked Data: Key Concepts 
•  Addressable observations, groups, concepts 

•  Unique, linkable identifiers 
•  Uniform (Universal)  Resource Identifier (URI)  
•  HTTP URI  for lookup and linkage 

•  Provides a standard for way to represent values and concepts 
•  Links to common vocabularies, code lists and concepts allow data 

reconciliation and standardization 
•  Enables reuse, standard tools and components 
•  Facilitates data integration: Combine similar and diverse data sources.  

•  Integrate data across studies, products. 

•  Machine readable [ interpretable ] 
•  Inferencing, logic and decision-making   
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•  NOT limited to the web! 
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LIVE DEMO:  Blood Pressure Model as Linked Data 
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LIVE DEMO :  DBPedia mmHG triples at DBPedia 
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LIVE DEMO :  DBPedia mmHG triples as a Force 
Network Graph 
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Analysis Results as 
RDF Data Cubes 

14 



15 "I want to take the clinical 
trials results..." 

"..and put them in an RDF 
Data Cube!" 

          Placebo     LowDose     HighDose 
Baseline  N=28        N=30        N=29 
--------------------------------------------- 
Sex 
     F    12 (42.9)   14 (46.7)   16 (55.2) 
     M    16 (57.1)   16 (53.3)   13 (44.8) 
 

ds:obs1 a qb:Observation ; 
 dim:treat          code:trt-Placebo ; 
 dim:sex            code:sex-F ; 
 dim:procedure  code:procedure-count ; 
 meas:measure  "12"^^xsd:int ; 
 qb:dataSet ds:dataset-DM . 

 
ds:obs2 a qb:Observation ; 
... 
 
 



How? 
16 

https://github.com/MarcJAndersen/rrdfqbcrnd0 

Analysis Results & 
Metadata Working 
Group 





3 Main Components in the Cube Model 

•  Attributes  
•  metadata  
•  status=final,issued="2014-08-06T00:00:00"^^xsd:dateTime ; 

•  Measure (or Primary Measure)  
•  the observed value of primary interest 
•  count=12 

•  Dimensions 
•  value keys or indices that identify the measure 
•  treatment="Plc" , sex="F", statistic="count" 
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Baseline          Placebo        LowDose        HighDose 
Characteristic    N=28           N=30           N=29 
---------------------------------------------------------------------- 
Sex 
       F          12  (42.9)     14  (46.7)     16 (55.2) 
       M          16  (57.1)     16  (53.3)     13 (44.8) 
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Clinical Trials Data as RDF 
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Baseline          Placebo        LowDose        HighDose 
Characteristic    N=28           N=30           N=29 
---------------------------------------------------------------------- 
Sex 
       F          12  (42.9)     14  (46.7)     16 (55.2) 
       M          16  (57.1)     16  (53.3)     13 (44.8) 
 

ds:obs1 a qb:Observation ;                    
 dim:treat      code:trt-Placebo ; 
 dim:sex        code:sex-F ;       
 dim:procedure  code:procedure-count ; 
 meas:measure   "12"^^xsd:int ;       
 qb:dataSet     ds:dataset-DM . . 

 
ds:obs2 a qb:Observation ; 
... 
 
 



21 

treatment="Plc",  

Dimensions 

12 

16 

14 

16 

16 

13 

12 14 16 

16 

13 

42.9 46.7 55.2 

55.2 

44.8 

It's	
  a	
  hit!!	
  
count=12 

Measure 

sex="F", 

statistic="count" 

Plc 
Treatment 

F S
e
x 

count 



Where did I go 
wrong with this 
child? 

Query the data with SPARQL 
22 

SELECT ?value 
WHERE  
{ 
  ?obs dim:treat            code:trt-Placebo; 
            dim:sex             code:sex-F; 
            dim:procedure  code:procedure-count; 
            meas:measure  ?value. 
} 

I blame The  
Internets, honey. 



Components for Analysis and Visualization 
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Full AE RDF Data Cube as Force Network Graph 24 



Live DEMO: DM Cube Subset as FN Graph 
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LIVE DEMO: Interactive DM Table 
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LIVE DEMO: Count Females in Placebo as FN graph 
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LIVE DEMO: Code List Subset 
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LIVE DEMO: Code List 
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FDA, PhUSE, and 
Industry 
 
The Future is Now? 
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• CDASH 1.1  
• SDTM 1.2 + Impl. Guide 3.1.2  
• SDTM 1.3 + Impl. Guide 3.1.3  

• SEND Impl. Guide 3.0  
• ADaM 2.1 + Impl. Guide 1.0  

• Controlled Terminology  
• CDISC e-share! (October 2014) 

31 
Janus Clinical Trials Repository (CTR) 
“..can support other emerging study data exchange 
standards, such as HL7 v3, FHIR, and RDF.” 
 
“FDA is exploring semantic web technologies for study 
information exchange. Further details to follow soon.” – April 
2015 
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Linked Open Data Cloud, 2014 33 
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  BIO2RDF MeSH 
      
   Medical Subject Headings 
      7,323,864 triples 
 

  BIO2RDF PubMed 
      
 Medline, Life Sciences 
          Citations 
 
      5,005,343,905 triples 
 

  BIO2RDF ClinicalTrials 
      
 ClinicalTrials.gov 
     Clinical Trials registry 
 
      8,323,598 triples 
 

  BIO2RDF DrugBank 
      
Bioinformatics and 
chemoinformatics 
      
      3,672,531 triples 
 



LIVE DEMO: Levetiracetam LOD Merge & Vis 
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LIVE DEMO: PubMed page for article 
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LIVE DEMO: Clinical Trials by Phase 
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The Power is not in the Visualization 



§  Individual observations and groups of 
observations become addressable.   

§ Flexibility in combining data both similar and 
diverse data sources (owl:sameas, etc.) 

§ Machine readable 

§ Enables reuse, standard tools and components 

§ Non-proprietary exchange format 

§ The context (metadata) comes with the data. 

Conclusion: Why linked data? 
39 

“Metadata is a love note to the people and  machines  
after you.” 

                 - Jason Scott via Twitter, 2011  



§ Resistance to change 

§ Vendors and consumers 

§ Learning Curve 

§ Software Tools and Applications  

§ Size? 

Challenges 
40 



PhUSE Wiki “Semantic Technology Curriculum” 
   http://www.phusewiki.org/wiki/index.php?title=Semantic_Technology_Curriculum 

  
PhUSE Wiki “Semantic Technology Working Groups” 
   http://www.phusewiki.org/wiki/index.php?title=Semantic_Technology 
   
“Learning SPARQL”  
     - Ducharme 
 
 
“Semantic Web for the Working Ontologist”  
   - Allemang & Hendler 
 
Semantic University by Cambridge Semantics 
   http://www.cambridgesemantics.com/semantic-university 
 
RDF Primer 

 http://www.w3.org/TR/2014/NOTE-rdf11-primer-20140624/ 

     

Where to learn more? 
41 



§ PhUSE & PhUSE CSS 

§ PhUSE “Analysis Results & Metadata Working Group” 
§  Leaders:  Ian Fleming, Marc Andersen 

§ Mike Bostock  
§  Author of the D3.js library 

§ Bio2RDF 

§ The R Project  

§ UCB Biosciences 

Acknowledgements 
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Thank 
you! 

https://www.linkedin.com/in/timpwilliams 

@NovasTaylor 
tim.williams@ucb.com 


