
Large-scale analysis  to  transform 
the  evidence generation process:  
lessons from  the Observational  

Health Data  Sciences and 
Informatics (OHDSI) collaborative  

Patrick Ryan, PhD
  
Janssen Research and Development
  
Columbia University Medical Center
  

18 September 2017 
 



Introducing OHDSI  

•	 

•	 

The Observational Health Data Sciences and 
Informatics (OHDSI)  program is a multi-
stakeholder,  interdisciplinary  collaborative to  
create  open-source  solutions  that  bring out  
the value of  observational health data through 
large-scale  analytics  
OHDSI has established an international 
network  of  researchers and observational 
health databases  with a central coordinating  
center housed at Columbia  University  

http://ohdsi.org
  

http://ohdsi.org/


 
 

OHDSI’s mission
  

To  improve health,  by empowering a  community
  
to  collaboratively  generate the  evidence that 
 
promotes  better health decisions and better 


care.
  

http://ohdsi.org



 
     

 
  

   
   

 
  

OHDSI:  an open science community
  

OHDSI Collaborators: 
• >200 researchers in academia, industry, government, health systems 
• >20 countries 
• Multi-disciplinary expertise: epidemiology, statistics, medical 

informatics, computer science, machine learning, clinical sciences 
Databases converted to OMOP CDM within OHDSI Community: 
• >60 databases 
• >660 million patients 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

   

 

 
 

 

 

 

Common  data model to structure  observational 

data  and enable standardized  analytics
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Common data model to enable standardized 

 

   

 
 

Source 1 raw data
 

Electronic health 
records 

  

 

Source 2 raw data 

Administrative claims
 

  

 

Source 3 raw data
 

Clinical data
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What is  OHDSI’s  strategy to  deliver 

reliable evidence? 
 

•	 Methodological research  
–	 

–	 

–	 

Develop  new  approaches  to observational data analysis  
Evaluate  the  performance of new and existing methods  
Establish  empirically-based scientific best practices  

•	 Open-source analytics development  
–	 

–	 

–	 

Design tools  for data transformation  and  standardization  
Implement  statistical methods for large-scale a nalytics  
Build  interactive  visualization  for evidence  exploration  

•	 Clinical evidence generation   
–	

–	

–	

 Identify  clinically-relevant questions that require real-world evidence  
 Execute  research studies  by applying scientific best  practices  through 
open-source  tools  across  the  OHDSI  international  data network  

 Promote  open-science strategies  for transparent  study design and 
evidence d issemination  



   
 

 

 

 
 

Classifying questions across the patient
 
journey
 

• Clinical characterization:  What happened to them?  
– 
– 
– 

What  treatment did they  choose after  diagnosis?  
Which patients chose  which treatments?  
How  many  patients  experienced  the outcome after  treatment?  

• Patient-level prediction: What will happen to me?  
– 
– 

What  is the  probability that  I  will  develop the  disease?  
What  is the p robability  that  I  will  experience t he  outcome?  

• Population-level effect estimation:  What are  the causal  effects?
  
– 
– 

Does treatment cause  outcome?  
Does one treatment cause  the outcome  more  than an  alternative?  



 

 

Channeling Donald Rumsfeld
  
“Now  what is the message there? The message is that there 
are no  "knowns."  There  are things we  know  that we know. 
There  are known  unknowns. That is to say  there  are things  
that we now  know  we don't  know. But  there  are also  
unknown  unknowns. There  are things we  do not  know  we  
don't know. So when we  do the  best  we can  and we  pull  all  
this  information together, and we  then say  well that's  basically  
what we  see  as the  situation, that  is really only  the  known  
knowns  and  the known unknowns. And  each year,  we discover  
a few  more  of those unknown  unknowns.  

It sounds like  a riddle. It isn't a riddle. It is a very  serious,  
important matter.  

There's another  way  to phrase that and  that is that the  
absence of evidence is not evidence of absence.  It is basically  
saying the same thing  in  a different way. Simply because you  
do  not have evidence  that something  exists  does not mean  
that  you have  evidence that it  doesn't exist. ”  

NATO 2002  9 



 

 

 
 
 

 

“Things  we know that  we know” 
• What we think we know:   

–	 ACE inhibitors cause angioedema  

• What we want to know:  
– 

–	

Clinical characterization:   Incidence  of  angioedema in 
patients  exposed to  ACE inhibitors  
 Population-level effect estimation:    

•	 

•	 

Safety surveillance: Strength of  association with ACE 
inhibitor vs. counterfactual  
Comparative effectiveness:  Strength of association with ACE 
inhibitor,  relative to alternative  treatments  

– Patient-level prediction:   Probability that a  patient will 
experience event,  given baseline characteristics  

10 



 

What’s on the product label?
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What’s the published evidence?
  
Incidence  rate estimate  
predicated  on 2  assumptions:  
• 

• 

Observed data represents a  
random sample  of a target  
population  
Estimator  in unbiased, so  no  
systematic error  

Publication  
Person-
years  Events  

Incidence (per 1000
person-years)  

 95% CI (Incidence rate  
per 1000 person-years)  

Miller Hypertension 2008   179,088   352  1.97 (1.76-2.17)   
Makani Am J Cardiol. 2012   185,067      394    3.00 (2.80-3.20)  
Toh  AIM 2012    753,105   3,301  4.38(4.23-4.53)  

Observational 
study in VA 
population 

Meta-analysis of 
randomized 
clinical trials 

Observational 
study across US 
private-payer 
claims in Sentinel 

12 



 

How does it  get d istilled  to clinicians? 
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Comparing  incidence rate  estimates 
 
between  Sentinel analyses  

Toh Arch Intern Med 2012 Gagne CPT 2016 

Overlap coefficient = 19% 
16 



 

“Known unknowns”
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“Known unknowns” #1:  

Do PPIs increase risk of death?
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“Known unknowns” #1:  

Do PPIs increase risk of death?
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“Known unknowns” #1:  

Do PPIs increase risk of death?
 

20Xie BMJ Open 2017 

• 

• 

Sensitivity analyses yield  non-
overlapping confidence intervals  
What  ‘interval’  would you need 
to see to a dequately represent  
the  uncertainty?  



21 



  
 

“Known unknowns” #2:
 
Levetiracetam and Angioedema
 

https://www.fda.gov/drugs/gu 
idancecomplianceregulatoryinf 
ormation/surveillance/adverse 
drugeffects/ucm491645.htm  

https://www.fda.gov/drugs/gu idancecomplianceregulatoryinf ormation/surveillance/adverse drugeffects/ucm491645.htm


Levetiracetam and Angioedema
  



Open-source  code development
  

•	

•	

•	

 Leveraged OHDSI 
CohortMethod  R 
package 
 Code tested at 2 
sites prior to study  
start  
 All code  posted on 
GitHub  



 

 

Study Overview
 

•	

•	

•	

•	

•	

 New user  comparative cohort design 
–	
–	
–	

 T:  levetiracetam  
 C: phenytoin  
 O: incident angioedema  

 Time at risk  defined in two ways: 1) per  protocol and 2) 
intent to  treat   

 Model:  Propensity score-matched Cox  proportional 
hazards  

 To identify residual  bias, calculated HRs  for  100 negative 
controls  in  order t o compute calibrated p-values for 
angioedema in each dataset  

 Performed meta-analysis and evaluated heterogeneity 
between databases  





 

   
 

Illustrating the value of a global 

network study
 

•	 
•	 

•	 

>55,000  patients exposed across 10  sites  
Quantify observed incidence  of event for
public  health impact  

 

Population-level  effect estimation  
provides strength and  consistency  toward  
causality assessment  (which  couldn’t  
have  been done by  any one  site alone)  



“those unknown unknowns”
  

 
 
 
 
 
 
 

 

A framing of a  goal for a ‘risk  identification’  
system:  

 

 

 
 

 

Unknown unknowns 

Known unknowns 

Known knowns 
-known effects 
-known non-effects 

28 



   

Existing  evidence in  published
  
literature 
 

Voss ICPE 2017
 29 



HOMER implementation of Hill’s  viewpoints
  

 

 

  

 

 

  

 

 

 

Consistency 

Temporality 

Strength Plausibility 

Experiment 

Coherence 

Biological 
gradient Specificity 

Analogy 

Comparative 
effectiveness 

Predictive 
modeling 

 Ryan OMOP Symposium 2013
 



  
 

 

31 

Potential uses of a public ‘big data’
 
evidence generation system
 

•	

•	

•	

 Clinical  characterization:  descriptive summary to put real-world 
context around  treatment utilization  
–	 
–	 
–	 

Demographics  
Prior conditions  
Prior  health service  utilization (drugs,  procedures, measurements)  

 Outcome incidence:   descriptive summary of frequency that 
outcomes  occur  during or  after  exposure  

 Population-level effect  estimation  
–	
–	

–	
–	
–	
–	

 Monitor known risks  
 Search for event  known to  be on label  to  estimate  incidence  and 
magnitude of effect  

 Compare risk of known  effect between  alternative  treatments  
 Search for  effects  for potential  risk  
 Explore outcomes that  show increased  effects across databases  
 Explore outcomes  that  are  ‘high incidence’  and ‘high seriousness’  



 

 

 
 

 

Questions?
  

Join the journey! 
 
http://ohdsi.org
  

OHDSI Symposium  2017 
 
18 October 2017
  

Bethesda, MD,  USA
  

ryan@ohdsi.org
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