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Current status quo in observational research makes it 
challenging to build trust in evidence
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Can the study be fully reproduced?
Does the analysis actually do what the protocol said it would do? 
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Imagine you or a loved one is diagnosed with a disease and offered two 
alternative treatments A and B.   Both treatments are expected to reduce 
serious complications due to the disease, but may have small risk of other 
serious adverse events.  No randomized clinical trials directly compare those 
two treatments.

You have a choice:
1. Wait to make your treatment choice until a direct head-to-head RCT is 

conducted
2. Rely on ‘expert opinion’ and indirect comparisons between RCTs (which 

are inconclusive about the comparative benefits and risks)
3. Learn from real-world evidence, compare with existing knowledge, and 

then make your treatment decision



Real-world evidence from an observational database 
study

Treatment A vs Treatment B Relative risk

Benefit 1.33 (1.05 – 1.72)

Risk 3.55 (2.12-6.23)

Comparative new user cohort design,  propensity score 
adjustment, Hazard ratio from Cox model
applied to a large insurance claims database



Real-world evidence with supporting diagnostics

Treatment A vs Treatment B Relative risk

Benefit 1.33 (1.05 – 1.72)

Risk 3.55 (2.12-6.23)



Real-world evidence across a network of databases
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Desired attributes for reliable evidence
Desired 
attribute

Question Researcher Data Analysis Result

Repeatable Identical Identical Identical Identical = Identical

Reproducible Identical Different Identical Identical = Identical

Replicable Identical Same or 
different

Similar Identical = Similar

Generalizable Identical Same or 
different

Different Identical = Similar

Robust Identical Same or 
different

Same or 
different

Different = Similar

Calibrated Similar 
(controls)

Identical Identical Identical = Statistically 
consistent



Analysis reliability evaluation

Phenotype development and evaluation

Data quality evaluation
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results

Interface for 
exploration

‘System’ required elements:
- Required phenotypes
- Analysis specifications
- Decision thresholds

Research 
question
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design 
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Engineering open science systems that build trust into the 
real-world evidence generation and dissemination process

STOP

STOP

STOP

System characteristics:
• Standardized procedures with defined inputs and outputs
• Analysis packages implementing scientific best practices 

consistently applied across all data partners, generating consistent 
output for network synthesis

• Reproducible outputs generated by open-source analysis libraries 
developed and validated with verifiable unit-test coverage

• Pre-specified and objective decision thresholds for go/no go criteria
• Measurable operating characteristics of system performance

Distributed data network, standardized to common data model

Network coordination
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What would the ‘target trial’ look like to compare efficacy of 
two initial therapies?
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CTD

HCTZ

Eligibility criteria:
• Diagnosed with hypertension 

in 1 year prior to index
• No prior antihypertensive drug 

use anytime prior to index

Index: 
Time zero

Medical history lookback time Follow-up time

Causal contrasts of interest:
• Intent-to-treat effect
• On-treatment effect

randomization

CTD

HCTZ

Outcomes:
• Efficacy:

• Myocardial infarction
• Stroke
• Heart Failure

• Safety: 
• Known or potential 

adverse events, e.g.
• Acute renal failure
• Angioedema
• Cough
• Diarrhea
• Fall
• Gout
• Headache
• Hyperkalemia
• Hyponatremia
• Hypotension
• Impotence
• Syncope
• Vertigo

Analysis plan:
• Time-to-first-event analysis
• Cox proportional hazards

Treatment strategies:
• Monotherapy with 

chlorthalidone (CTD)
• Monotherapy with 

hydrochlorothiazide (HCTZ)

12 Oct 2018



What is the Diuretic Comparison Project study design?
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CTD

HCTZ

Eligibility criteria:
• Age >= 65
• Diagnosed with hypertension
• Currently treated with 

hydrochlorothiazide
• Potassium/sodium imbalance
• Death expected in 6 months

Index: 
Time zero

Medical history lookback time Follow-up time:  average: 3 years

Causal contrasts of interest:
• Intent-to-treat effect

randomization

CTD

HCTZ

Outcomes:
• Myocardial infarction
• Stroke
• Hospitalization for 

Heart Failure
• Coronary 

revascularization
• Non-cancer death
• Erectile dysfunction

Analysis plan:
• Time-to-first-event analysis
• Cox proportional hazards

Treatment strategies:
• Monotherapy with 

chlorthalidone (CTD)
• Monotherapy with 

hydrochlorothiazide (HCTZ)

HCTZ

https://clinicaltrials.gov/ct2/show/NCT02185417

Estimated enrollment: 
13,500

Study start: 
June2016

Estimated completion: 
Oct2022

What can we learn now from observational data while we 
wait 4 years for this RCT to be completed?

12 Oct 2018

https://clinicaltrials.gov/ct2/show/NCT02185417
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No difference in cardiovascular effects

Increased risk of hypokalemia
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Comparing reliable real-world evidence with 
randomized trial results

OHDSI’s LEGEND in 
2018/2020

Diuretic Comparison 
Project RCT in 2022

Cardiovascular events 1.00 (0.85-1.17) 1.04 (0.94-1.16)

Hospitalization for Acute 
myocardial infarction

0.92 (0.64-1.31) 1.01 (0.80-1.28)

Hospitalization for Stroke 1.10 (0.86-1.41) 1.00 (0.74-1.36)

Hospitalization for Heart failure 1.05 (0.82-1.34) 1.04 (0.87-1.25)

Hypokalemia 2.72 (2.38-3.12) p<0.001



Analysis reliability evaluation

Phenotype development and evaluation

Data quality evaluation
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Engineering open science systems that build trust into the 
real-world evidence generation and dissemination process

STOP
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System characteristics:
• Standardized procedures with defined inputs and outputs
• Analysis packages implementing scientific best practices 

consistently applied across all data partners, generating consistent 
output for network synthesis

• Reproducible outputs generated by open-source analysis libraries 
developed and validated with verifiable unit-test coverage

• Pre-specified and objective decision thresholds for go/no go criteria
• Measurable operating characteristics of system performance

Distributed data network, standardized to common data model

Network coordination



Level of proactivity in delivering real-world evidence

~seconds

~minutes

~hours

~days

~weeks, 
months, 

years

Reactive 
Bespoke

Enabled

Responsive

Prepared

Anticipatory

Service bespoke project requests by convening team to align on problem statement, author 
protocol/analysis plan documents, implement statistical programming code to custom specification, 
execute analysis across databases, iteratively review results and request post hoc analyses, write 
summary of results as report, and deliver to decision-maker to ensure it meets their needs

Design and execute standardized analysis packages that apply validated 
statistical libraries with defined input parameters and fixed output to compile 
summary results across a network standardized to a common data model  

Enable fast evidence generation by using interface that allow qualified users to 
set defined input parameters, execute standardized analyses, and view results 
upon request.

Produce pre-computed evidence to enable answer retrieval in ‘real time’ by 
qualified users when requested;  standardized analysis packages executed 
across network generate results ‘at-scale’ across many target, outcome cohorts

Generate and deliver insights without being asked; answer questions before 
requested by ‘pushing’ relevant pre-computed evidence to potential evidence 
consumers

Standardized 
dissemination

+

Standardized 
analysis 

configurations
+

Standardized 
analysis tools

+

Standardized data, 
network execution

Time-to-evidence



Concluding thoughts

• Enabling use and establishing value of real-world evidence requires 
building trust across stakeholders – evidence generators and consumers

• People and processes need to be augmented with science, technology and 
engineering
– Research network  = people + data + analytic tools + best practices 

• Open science systems that promote transparency and reproducibility can 
increase reliability and efficiency

• Community efforts today can enable a more proactive future tomorrow
– Standardized data network and data quality assessment
– Phenotype development and evaluation
– Standardized analytic tool development
– Global collaboration on clinical evidence generation to fill the gaps in medicine


