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Disclaimer 

In	  addi'on	  to	  my	  faculty	  posi'on	  at	  Thomas	  
Jefferson	  University	  in	  Philadelphia,	  I	  am	  a	  
consultant	  for	  TriNetX	  Corpora'on.	  
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Research data analytics use cases   

•  Hypothesis generation 

Example:  An investigator wishes to explore possible links between 
BRAF mutations and response to treatment for colorectal cancer. 
 

•  Cohort identification 
Example:  A basic scientist needs to know if there are sufficient tissue 
specimens from Asian women with “triple negative” breast cancer for a 
biomarker study. 
 

Example: A clinical researcher wishes to assess potential patient 
accrual for a trial under design by obtaining number of patients seen in 
the recent past that meet the proposed eligibility criteria. 
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Research Data Marts 

•  Research data marts (RDM) are patient data warehouses 
focused on the needs of researchers. 

•  An RDM can aggregate data from clinical (e.g., EMR) and 
research-related (e.g., study biobanks) sources into one 
integrated data repository. 

•  An RDM can address issues specific to the research 
domain, such as being HIPAA-compliant by being having 
only de-identified data, and by providing obfuscated query 
results when necessary. 
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i2b2 Research Data Marts 

These are research data repositories built on the “informatics 
for integrating biology and the bedside” (i2b2) framework, 
developed at the NIH-funded National Center for Biomedical 
Computing based at Partners HealthCare System (Harvard). 

This platform has been deployed at many academic medical 
centers. 
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Paper describing i2b2 platform 
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Significant points about the i2b2 infrastructure 
•  The	  i2b2	  data	  model	  is	  based	  on	  the	  “star	  schema”	  

•  The	  star	  schema	  has	  a	  central	  “fact”	  table	  where	  each	  row	  
represents	  a	  single	  observa'on	  about	  a	  pa'ent.	  

•  Observa'ons	  are	  regarding	  a	  specific	  concept,	  such	  as	  a	  lab	  test	  or	  
disease	  diagnosis.	  	  

•  By	  expressing	  a	  concept	  as	  an	  aJribute	  in	  a	  row	  rather	  than	  
designa'ng	  it	  in	  a	  column	  is	  known	  as	  the	  en'ty-‐aJribute-‐value	  
(EAV)	  model.	  

	  
=>	  It	  is	  extremely	  efficient	  to	  query	  data	  arranged	  in	  a	  star	  
schema	  represented	  in	  an	  EAV	  format.	  
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Jefferson’s i2b2 Research Data Mart 
•  Built on “informatics for integrating biology and the bedside” (i2b2) 

framework. 

•  RDM data are de-identified.  Re-identification possible via an 
honest broker, who has access to a re-identification application. 

•  Currently ~ 100 million observations on > 1 million patients.  Data 
refreshed weekly. 
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Patient data obtained from TJUH EMR 
DEMOGRAPHICS   

 Age 
 Ethnicity 
 Gender 
 Race 
 Vital Status (alive/dead) 
  

DIAGNOSES   
 Disease systems --> diseases (organized by ICD9 and ICD10 coding) 
  

CLINICAL LAB RESULTS  
 Chemistry 
 Coagulation 
 Hematology 
  

MEDICATIONS   
   

INPATIENT PROCEDURES   
 Diagnostic and Treatment procedures (organized by ICD9 and CPT coding) 
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Example list of patient mutation data obtained from in-house 
and Foundation Medicine molecular diagnostic testing 

 ALK  rearrangement 
 ALK  c.4186G>A, p.A1396T 
 ALK  c.3745G>C, p.D1294H   

 
 BRAF c.1782T>G  p.D594E 
 BRAF c.1801A>G  p.K601E 
 BRAF c.1799T>A  p.V600E 

 
 EGFR Deletion in exon 19 
 EGFR Insertion in exon 20 
 EGFR c.2236G>A  p.E746K 
 EGFR c.2236_2250del15   
         p.E746_A750delELREA 
 EGFR c.2156G>C  p.G719A 
 EGFR c.2155G>T  p.G719C 
 EGFR c.2155G>A  p.G719S 
 EGFR c.2573T>G  p.L858R 
 EGFR c.2582T>A  p.L861Q 
 EGFR c.2303G>T  p.S768I 

 
 JAK2  c.1849G>T  p.V617F 

 
 JAK3  c.2164G>A  p.V722I 

 

 KRAS c.35G>C  p.G12A 
 KRAS c.34G>T  p.G12C 
 KRAS c.35G>A  p.G12D 
 KRAS c.34G>C  p.G12R 
 KRAS c.34G>A  p.G12S 
 KRAS c.35G>T  p.G12V 
 KRAS c.38G>A  p.G13D 

 
 NRAS c.183A>T  p.Q61H 
 NRAS c.181C>A  p.Q61K 
 NRAS c.182A>T  p.Q61L 
 NRAS c.182A>G  p.Q61R 

 
 PIK3CA  c.1633G>A  p.E545K 
 PIK3CA  c.3140A>T  p.H1047L 
 PIK3CA  c.3140A>G  p.H1047R 

 
 PTEN c.754G>T  p.D252Y 
 PTEN c.59G>A  p.G20E 

 
 RET  rearrangement 

 
 ROS1 rearrangement 

 
 SMAD4  c.1157G>A  p.G386D 

 TP53  c.843C>A  p.D281E 
 TP53  c.811G>T  p.E271* 
 TP53  c.857A>C  p.E286A 
 TP53  c.400T>C  p.F134L 
 TP53  c.734G>A  p.G245D 
 TP53  c.388C>G  p.L130V 
 TP53  c.524G>A  p.R175H 
 TP53  c.817C>T  p.R273C 
 TP53  c.818G>A  p.R273H 
 TP53  c.318C>G  p.S106R 
 TP53  c.659A>G  p.Y220C 
 TP53  c.707A>G  p.Y236C 

 
 PIK3CA  c.3140A>G p.H1047RC 
 PIK3CA  c.1637A>G p.Q546R  

As	  of	  March	  2016,	  
Jefferson	  omic	  
metadata	  includes	  
336	  genes	  with	  
3,060	  muta=ons	  
	  



11 

Specimen annotation from campus biobanks 

Anatomic origin (SNOMED) 
 
Class (tissue, fluid) 
 
Type (frozen, FFPE) 
 
Pathology (normal, malignant, diseased) 
 
Slide images 

Eight	  biobanks,	  including	  the	  TJUH	  paraffin	  block	  archive	  of	  ~400,000	  cases	  since	  
1990.	  
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Patient data from Jefferson Tumor Registry 

Primary Cancer Diagnosis   
 Age at diagnosis/date of diagnosis 
 Survival (months) from diagnosis 
 Tumor histology and behavior 
 Stage (AJCC/TNM, clinical and pathological) 
 Grade 

 
Recurrence  

 local, distant   
 
Treatment   

 chemotherapy, radiation, surgery, transplant, palliative 
Disease-specific factors  

 ex: (prostate --> Gleason score) 

Over	  100,000	  cases	  since	  1990.	  
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Research data work flow 
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Drag-and-drop i2b2 query tool 



15 

Taxonomy for tumor registry data 
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Identification of patient cohorts or hypothesis 
generation 
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Molecular Diagnostic data 
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Additional data on selected cohort can be retieved 
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Pathology images are available via i2b2 query tool 
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Why data analytics? 

Old School Sabermetrics	  
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Cohort definition via i2b2 can be used to predict 
accrual for proposed clinical trials 
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Overall result of this study 

Our	  results	  show	  that	  the	  methodology,	  while	  having	  an	  
excellent	  posi've	  predic've	  value	  (95.8%,	  predicted	  failure	  for	  23	  
of	  the	  24	  trials	  that	  actually	  failed	  ),	  is	  not	  good	  at	  predic'ng	  
failed	  accrual	  (39.7%,	  23/58	  trials).	  
	  
In	  other	  words:	  	  if	  the	  methodology	  predicts	  "failed	  accrual,"	  
then	  we	  should	  trust	  this	  predic'on	  and	  should	  not	  proceed	  to	  
open	  the	  trial	  with	  its	  current	  eligibility	  criteria.	  	  
	  
However,	  a	  predic'on	  of	  accrual	  success	  using	  this	  method	  is	  no	  
guarantee	  that	  target	  goals	  will	  be	  met,	  since	  other	  factors	  (e.g.,	  
compe'ng	  trials)	  exist	  in	  addi'on	  to	  pa'ent	  popula'on	  
considera'ons.	  
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Jefferson SKCC experience with i2b2 
o  Cancer center initial deployment of i2b2 was in 2010 

•  Hospital had contracted for a proprietary clinical data warehouse 
whose vendor supported i2b2 data mart deployment 

•  Open source preferable to proprietary solutions 
§  interoperablity with other academic centers 
§  cost effective 
 

o  Support through the i2b2 Academic Users Group has been outstanding 
 
o  Major drawback to i2b2 query tool is the lack of data visualization 

capability. 
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Extensions of i2b2 database use 

o  tranSMART  
 
o  TriNetX 
 



25 

 

tranSMART 
•  tranSMART is a knowledge management platform, built on i2b2, that has 

statistical analysis pipeline capabilities, as well as an IGV pipeline for high 
dimensional data. 

•  The initial version of tranSMART’s data management system was 
developed in 2009 by scientists at Johnson & Johnson and Recombinant 
Data Corporation.  

 
•  Established in 2013, the tranSMART Foundation is a public-private 

partnership – the result of collaborations between scientists in the United 
States and the European Union. Founding partners include the University 
of Michigan, the Pistoia Alliance and Imperial College London. 

 



26 

tranSMART statistical analyses 
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Example of Kaplan-Meier plot from tranSMART 
Survival Curve:  Stage  

SURVIVAL	  CURVE	  (STAGE)	  OF	  TJUH	  PATIENTS	  WITH	  THYROID	  SPECIMENS	  
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Jefferson – TriNetX project 

TriNetX facilitates clinical trial collaboration between 
pharmaceutical companies and academic medical center 
data providers by providing access to aggregate data from 
academic members of the TriNetX network. 
 
The TriNetX application provides advanced visualization of 
the data in the institution’s i2b2 database. 
 
Data sharing between academic members is facilitated since 
data harmonization to the TriNetX model has already been 
done. 
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TriNetX display of cohort demographics 
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TriNetX display of cohort co-morbidities 
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TriNetX display of cohort criteria analysis 
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Questions? 


