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Outline 
Why need to use electronic data for evidence 

generation 
Why multisite studies 
Examples  

‒ FDA Sentinel 
‒ PCORnet 

Thoughts 
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Medical interventions 
For medical products, at marketing approval we know 

‒ Within a small, well-defined population in a  controlled 
environment, and short-term exposure, the product is 
• Relatively safe  
• More effective than placebo 

For other interventions we know even less 
For all interventions we know we don’t know 

‒ Real-world safety  
‒ Real-world effectiveness 
‒ Comparative effectiveness 
‒ Cost-benefit 
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Electronic data can help generate real-
world evidence 
Electronic health records 
Insurance claims data 
Registries 

‒ Birth 
‒ Death 
‒ Immunization  
‒ Disease 

Patient-generated data 
Many others 
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Why data networks 

Rare exposures 
Rare outcomes 
Sample size (speed) 
Sub-group analyses 
Analytic flexibility 

 
Rule: If you can do your work within a single system or 

institution, you should 
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Data networks have different goals 

Exchange of patient data for patient care at the point 
of care (not covered here) 

Public health surveillance 
Research 
Clinical trial enrollment 
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Some multi-purpose, multi-site data 
networks I’ve worked on 
Vaccine Safety Datalink 
Health Care Systems Research Network (previously known as 

HMO Research Network) 
Cancer Research Network 
FDA Sentinel 
NIH Health Care Systems Research Collbaortory 
 Innovation in Medical Evidence Development and 

Surveillance (IMEDS) 
PCORnet 
Biologics and Biosimilars Collective Intelligence Consortium 
Massachusetts Department of Public Health (MDPHnet) 
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2007: FDA Amendments Act 
• A mandate to create an active surveillance system 
• Access data from 25 million individuals by July 2010 
• Access data from 100 million individuals by July 2012 

 
2008: FDA launched the Sentinel Initiative 
2009: Mini-Sentinel funded under Sentinel Initiative 
2014: Funding awarded for Sentinel 
Operates under FDA’s public health authority 
 

 

FDA Sentinel: Background 
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Institute for 
Health 

Lead – HPHC Institute 

Data and 
scientific  
partners 

Scientific  
partners 
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Centralized vs. Distributed 
 

Distributed data system is preferred because 
• Data sits behind data partner’s firewall 
• Data remains under local control 
• Only minimally necessary info is shared in a given analysis 
• Preserve patient privacy & institutional proprietary 

interests 
• Enables rapid creation of multiple networks that leverage 

the architecture 
• Avoids complex contracting and institutional agreements 

 

Why distributed? 
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Sentinel distributed architecture 

Standardize data 

Data partners maintain physical control of their data 

Data partners control all uses of their data 

Data partners control all transfer of data 

Computer programs distributed via a secure network 
supported by PopMedNet™ 

Program execute at multiple sites without 
modification 
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Sentinel Common Data Model 
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Data Quality Assurance SOP 
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Distributed Analysis 
1- User creates and 
submits query  
(a computer program) 
 
2- Data partners 
retrieve query  
 
3- Data partners review 
and run query against 
their local data 
 
4- Data partners review 
results  
 
5- Data partners  return 
results via secure 
network  
 
6 Results are 
aggregated 
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 Populations with well-defined longitudinal person-time for 
which most medically attended events are known 

 193 million individuals* with ~351 million person-years of 
observation time 

 39 million currently accumulating data 
 4 billion dispensings, accumulating 46 million/month 
 5.5 billion unique encounters, including 51 million inpatient 

stays 
 33 million with at least one laboratory result 
 Ability to obtain electronic or paper medical records (redacted 

and de-identified) 
 
 

 

Sentinel Distributed Database 

*As of August 2015. Potential for double-counting exists if individuals moved between data partner health plans 
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Impact / Dissemination 

4 FDA drug safety communications 
‒ Tri-valent inactivated flu vaccine and febrile seizures  

(no increased risk) 
‒ Rotarix and intussusception (label change) 
‒ Dabigatran and bleeding (no increased risk) 
‒ Olmesartan and sprue-like enteropathy (label change) 

Over 70 peer-reviewed articles 
Over 50 methods reports / white papers 
Thousands of unique queries and comparisons contributing to 

over 140 formal assessments 
 

www.mini-sentinel.org  

http://www.mini-sentinel.org/
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Label change 

http://www.fda.gov/BiologicsBloodVaccines/SafetyAvailability/ucm356758.htm 

http://www.fda.gov/BiologicsBloodVaccines/SafetyAvailability/ucm356758.htm
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Yih, N Engl J Med. 2014;370:503 
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www.fda.gov/Drugs/DrugSafety/ucm326580.htm; Nov 2, 2012 

Drugs 

“This assessment […used…] FDA’s Mini-Sentinel pilot...” 

http://www.fda.gov/Drugs/DrugSafety/ucm326580.htm


21 © 2015 Sentinel Coordinating Center.  All Rights Reserved. 

“In the months following the approval of the oral  
anticoagulant  dabigatran ... in October, 2010, the FDA  
received through the FDA Adverse Event Reporting  
System many reports of serious and fatal bleeding events  
associated with use of the drug.”  
 

N Engl J Med 2013. DOI: 10.1056/NEJMp1302834 
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Drug Incidence with respect to: Washout Period   GIH Events/100k Days at Risk
183-Day Washout 2.0
365-Day Washout 1.9
183-Day Washout 1.6
365-Day Washout 1.4
183-Day Washout 3.4
365-Day Washout 3.7
183-Day Washout 3.5
365-Day Washout 3.7

Figure 1a.  New Events of GIH per 100k Days at Risk in the MSDD between October 19, 2010 and December 31, 2011, by Drug, Incidence Criteria, and Washout Period for Individuals 
with a Pre-Existing Condition of Atrial Fibrillation

Dabigatran Incident with respect to Dabigatran

Incident with respect to Dabigatran and Warfarin

Warfarin Incident with respect to Warfarin

Incident with respect to Dabigatran and Warfarin
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http://www.mini-sentinel.org/work_products/Assessments/Mini-Sentinel_Modular-Program-Report_%20MSY3_MPR41_Dabigatran-
Warfarin-GIH-ICH_Part-1.pdf 

Output 

Rate of gastrointestinal 
bleeding per 100k days at risk 
(8 scenarios) 

Dabigatran Warfarin 
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Protocol-based assessment – Dabigatran 

http://www.mini-sentinel.org/work_products/Assessments/Mini-Sentinel_Protocol-for-Assessment-of-Dabigatran.pdf  

http://www.mini-sentinel.org/work_products/Assessments/Mini-Sentinel_Protocol-for-Assessment-of-Dabigatran.pdf
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Olmesartan label change: 
sprue-like enteropathy 
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ARBs and celiac disease: 2+ years 
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Psaty. N Engl J Med 2014;370:2165 

“The Mini-Sentinel ' provides an essential public health service.  
The current configuration — the data model, the methods development,  
and the investigative team — represents an impressive achievement.. 
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Sentinel Routine Querying Tools 
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Distributed querying in Sentinel 

Pre-tabulated summary tables 
Reusable modular programs (SAS) 
Custom SAS code  

Protocol-Based Assessments 
Other de novo or ad hoc programs 

Qualitative, survey requests 
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Distributed querying in Sentinel 

Pre-tabulated summary tables 
Reusable modular programs (SAS)  
Custom SAS code  

Protocol-Based Assessments 
Other de novo or ad hoc programs 

Qualitative, survey requests 
 

Rapid response  
queries 
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Query tool architecture 

Self Controlled Risk 
Interval 

Cohort matching / 
stratification 

General Estimating 
Equations Regression 

Inverse Probability of 
Treatment Weighting 

Regression 

Binomial maxSPRT 
Maximized Sequential 

Probability Ratio Testing 

Cohort Identification and 
Descriptive Analysis  

 

MP4  
Concomitant exposure 

characterization 

MP8  
Uptake, use, persistence of 

new molecular entities 

MP7  
Frequency of codes 

before/after index date 

Cohort Identification  
and Descriptive Analysis 

Analytic Adjustment Sequential Analysis  
and Signaling 

Group Sequential  
GEE Signaling 

Group Sequential 
 IPTW Signaling 
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New Program Development SOP 
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Query Fulfillment SOP 
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Health 
Plan 2 

Health 
Plan 1 

Health 
Plan 5 
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Plan 4 

Health 
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Hospital 3 Health 
Plan 9 
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Hospital 4 

Hospital 6 

Hospital 5 

Outpatient  
clinic 1 

Outpatient 
clinic 3 

Outpatient  
clinic 2 

Patient 
network 1 

Patient 
network 3 

Patient 
network 2 

Multiple networks sharing infrastructure 
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 Each organization can participate in multiple networks 
 Each network controls its governance and coordination 
 Networks share infrastructure, data curation, analytics, lessons, security, 

software development 
 Other potential partners: disease or treatment-specific networks 

Critical Partners in a National Infrastructure 
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Our national clinical research  
system is well-intentioned but flawed 

High percentage of decisions are not supported by evidence 

Health outcomes and disparities are not improving 

Current clinical research system faces several problems: 

We are not generating the evidence we need to support the healthcare 
decisions that patients and their doctors have to make every day. 

Too  
slow 

Too 
expensive 

Doesn’t answer 
questions that 
matter most to 

people 
38 



PCORnet embodies a “community of research”  
by uniting people, clinicians & systems 

39 

20  
Patient-Powered Research 

Networks (PPRNs) 

13  
Clinical Data 

Research Networks 
(CDRNs) 

PCORnet 
A national infrastructure 

for people-centered 
clinical research 

+ = 



Procedures 

Demographic 

Condition 

Prescribing 

Encounters 

Lab  
Results 

Patient  
Satisfaction 

Claims 

 
Biospecimen 
& Genomic 

Data 

Vital  
Status 

Underpinned by a Common Data Model 



PCORnet distributed querying 

Researcher 

The Researcher sends 
a question to the 
PCORnet Coordinating 
Center through the 
Front Door 

Front Door 

The Coordinating Center  
converts the question into a 
query with an underlying 
executable code, and sends 
it to PCORnet partners 

PCORnet partners review the 
query and provide a response, 
which is sent back through the 
Front Door to the Researcher 

PCORnet 
Coordinating  

Center 

Query 

Question 

Response 



PCORnet could be for many kinds of research 

Interventional studies 
Clinical trials 
Pragmatic randomized 

clinical trials 
• e-Identification 
• e-Consent 
• e-Randomization 
• e-Follow-up 

Cluster randomization 

Pre-research  
Feasibility queries 
Engagement 
Match-making  

Observational studies 
Cross-sectional  
Epidemiology 
Health services 
Comparative effectiveness 

or safety  



Issues to Consider for Distributed Querying 

Complexities to consider when developing a stable, 
distributed querying infrastructure 
Common Data Model conformance 
Local system implementation variability 

• Software and hardware 
• Computing environments 
• IT environments and configuration 
• Local expertise 

Source data size 
Programming efficiency 
Transparency 

43 



PCORnet Query Types 

Menu-Driven Queries 

SAS Program Package Queries 

44 



PCORnet Query Types: Menu-Driven Queries 

Simple interface for query creation incorporated into the PCORnet 
Query Tool 

Query securely distributed to sites for execution against the local 
RDBMS in PCORnet CDM format 

Query generates aggregate data for local review and secure return 

Asynchronous by design 
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Menu-Driven Query: From Distribution to Receipt 

Menu-Driven Queries undergo a number of 
conversions throughout a full query cycle 
Json is the file type used by PopMedNet to enforce 
a standardized query and response format.  
Scalability across different data models and 

database management systems  
Easier data visualization 

Request information always transmitted between 
the web portal and the DataMart Client through 
encrypted TLS pathways. 
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Technical Menu-Driven Query Details 
1. A request.json file is generated when a query is composed 

in the web portal 
2. Request.json is pulled to the DataMart Client by DataMart 

Administrator 
3. DataMart Administrator clicks Run 
4. Request.json is converted to a Linq statement 
5. Linq is fed through an implementation of Microsoft Entity 

Framework 
6. Entity Framework translates Linq to one of three SQL 

flavors (SQL Server, Oracle, Postgres) 
7. SQL is executed against the DataMart’s relational 

database 

47 



Technical Query Request Details: 
Query Response 

1. Result set is converted to a response.json file 
in the DataMart Client 

2. Response.json is sent back to the web portal 
when DataMart Administrator clicks Upload 

3. Response.json is converted back to the raw 
result set each time a user views results on 
the web portal 

48 



PCORnet Query Types: SAS Queries 

SAS code package designed to execute against SAS 
datasets in PCORnet CDM format 

Distributed via the PCORnet Query Tool 

Downloaded and executed locally 

Response uploaded and returned via Query Tool 

49 



Recent PCORnet Query (SAS) 

Distributed to at least one site at 13 out of 13 CDRNs 

 

Output received from at least one site at 9 out of 13 
CDRNs 
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Different ecosystems responding 

51 

DM Operating System SAS 
Version 

SAS 
Views/Datasets 

Run 
Time 

# Days to 
Response 

Median 
Patient 
Count  
(GT or LT) 

1 Windows Server 2012 9.4 Views 56 min. 2 Greater 
 

2 
 

9.4 Datasets 10 min. 9 Less 

3 Views 6 min. 8 Less 

4 9.3 Views 5.5 hr. 3 Greater 

5 Windows 7 Enterprise Datasets 6 min.  10 Less 

6 Windows 2008 9.4 Datasets 35 min. 9 Greater 

7 9.3 Datasets 4 hr. 11 Greater 

8 Views 11 min. 4 Less 

9 Linux 9.4 Views 21 min. 11 Less 



Different ecosystems responding 

52 

DM Operating System SAS 
Version 

SAS 
Views/Datasets 

Run 
Time 

# Days to 
Response 

Median 
Patient 
Count  
(GT or LT) 

10 Windows 7 
Enterprise 

9.4 Datasets 34 min.  2 Less 

11 9.4 Views 40 min. 7 Less 

12 Windows 7 
Enterprise 

9.4 Views 18 min.  24 Greater 

13 9.3 Datasets 21 min. 1 Less 

14 Windows 8.1 9.3 Datasets 41 min.  2 Greater 

15 9.4 Datasets 41 min.  10 Greater 

16 9.3 Datasets 2.5 hr. 4 Greater 

17 9.2 Views 39 min. 1 Greater 

18 Datasets <1 min. 3 Less 



Concluding thoughts 

53 

Start small and keep it simple and base work on focused use cases 
Research networks are mostly about governance and trust 
Bridge the Informatics-Research divide 
Training Data Scientists is critical – especially in research methods 
Extract critical data elements, standardize format, and leave data 
where it was collected 
Don’t map data elements unless you have to 
Analytic team should make analytic decisions at the time of 

analysis 
Do analysis behind firewalls, move as little information as possible 
Be careful not to create a data sharing network versus a research 
network (unless that is your goal) 
 

 



Concluding thoughts 
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Match the data to the research question 
Honestly assess what types of research the data can support 
Public health surveillance of infectious disease? 
Epidemiology? 
Comparative safety? 
Comparative effectiveness? 
Clinical trial enrollment? Outcomes? 

Think creatively about research designs 
Pragmatic clinical trials embedded in health systems 

Be humble about what the data can do – don’t overpromise 
Have fun – Success is possible 
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