
Phenotype Aphril:
The Phoundation of Reliable Real World 

Evidence

Patrick Ryan, PhD
Vice President, Observational Health Data Analytics, Janssen 

Research and Development
Assistant Professor, Adjunct, Department of Biomedical 

Informatics, Columbia University Medical Center



OHDSI’s mission

To improve health by empowering a 
community to collaboratively generate 

the evidence that promotes better 
health decisions and better care



Current status quo in observational research makes it 
challenging to build trust in evidence
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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



Analytic use case Type Structure Example

Clinical 

characterization

Disease Natural History Amongst patients who are diagnosed with <insert your favorite 
disease>,  what are the patient’s characteristics from their 
medical history?  

Amongst patients with rheumatoid arthritis, what are their 
demographics (age, gender), prior conditions, medications, 
and health service utilization behaviors?

Treatment utilization Amongst patients who have <insert your favorite disease>,  
which treatments were patients exposed to amongst <list of 
treatments for disease>  and in which sequence?  

Amongst patients with depression,  which treatments were 
patients exposed to SSRI, SNRI, TCA, bupropion, 
esketamine  and in which sequence?  

Outcome incidence Amongst patients who are new users of <insert your favorite 
drug>, how many patients experienced <insert your favorite 
known adverse event from the drug profile> within <time 
horizon following exposure start>?

Amongst patients who are new users of methylphenidate, 
how many patients experienced psychosis within 1 year of 
initiating treatment?

Population-level 

effect 
estimation

Safety surveillance Does exposure to <insert your favorite drug> increase the risk of 
experiencing <insert an adverse event> within <time horizon 
following exposure start>?

Does exposure to ACE inhibitor increase the risk of 
experiencing Angioedema within 1 month after exposure 
start?

Comparative 
effectiveness

Does exposure to <insert your favorite drug> have a different 
risk of experiencing <insert any outcome (safety or benefit) > 
within <time horizon following exposure start>, relative to 
<insert your comparator treatment>?

Does exposure to ACE inhibitor have a different risk of 
experiencing acute myocardial infarction while on 
treatment, relative to thiazide diuretic?

Patient level 

prediction

Disease onset and 
progression

For a given patient who is diagnosed with <insert your favorite 
disease>, what is the probability that they will go on to have 
<another disease or related complication> within <time horizon 
from diagnosis>?  

For a given patient who is newly diagnosed with atrial 
fibrillation, what is the probability that they will go onto to 
have ischemic stroke in next 3 years?

Treatment response For a given patient who is a new user of <insert your favorite 
chronically-used drug>, what is the probability that they will 
<insert desired effect> in <time window>?

For a given patient with T2DM who start on metformin , 
what is the probability that they will maintain HbA1C<6.5% 
after 3 years?

Treatment safety For a given patient who is a new user of <insert your favorite 
drug>, what is the probability that they will experience <insert 
adverse event > within <time horizon following exposure>?

For a given patients who is a new user of warfarin, what is 
the probability that they will have GI bleed in 1 year?



The journey to evidence

Treatment 
pathways

Incidence rate 
analysis

Self-controlled 
case series

Comparative 
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Standardized analytics

Cohort definition:
 a specification to 
identify the set of 

persons satisfying one 
or more criteria for a 

duration of time

Impactful results

Hripcsak et al

PNAS 2016

Li et al

BMJ 2021

Lane et al Lancet 

Rheumatology 2020

Suchard et al

Lancet 2019

Williams et al

BMC MRM 2022

Standardized data

Source 1 CDM

Source 2 CDM

Source 3 CDM
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OHDSI’s definition of ‘cohort’

Cohort = a set of persons who satisfy one or more inclusion 
criteria for a duration of time

Cohort era = a continuous period during which a person has 
satisfied a cohort’s inclusion criteria

COHORT_ 
DEFINITION_ID SUBJECT_ID

COHORT_ 
START_DATE

COHORT_ 
END_DATE

1 1234 3/14/2014 4/30/2014

1 1234 12/1/2014 2/18/2015

1 3456 1/28/2016 10/7/2016

1 2345 9/22/2017 11/17/2017

1 3467 8/13/2016 3/1/2017

2 8734 1/24/2016 7/23/2016

2 4432 11/20/2016 6/6/2017

2 2473 5/30/2017 12/29/2017

2 1234 4/30/2015 7/4/2015

2 3467 1/12/2015 8/24/2015

2 4572 4/4/2016 3/8/2017

Two cohorts, each 
uniquely identified by 
COHORT_DEFINITION_ID, 
containing a set of 
cohort eras
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OHDSI’s definition of ‘cohort’

Cohort = a set of persons who satisfy one or more inclusion 
criteria for a duration of time

Cohort era = a continuous period during which a person has 
satisfied a cohort’s inclusion criteria

Cohort definition = the specification for how to identify a cohort

A codeset is NOT a cohort…
 …logic for how to use the codes in criteria is required



OHDSI’s definition of ‘cohort’

Cohort = a set of persons who satisfy one or more inclusion 
criteria for a duration of time

Cohort era = a continuous period during which a person has 
satisfied a cohort’s inclusion criteria

COHORT_ 
DEFINITION_ID SUBJECT_ID

COHORT_ 
START_DATE

COHORT_ 
END_DATE

1 1234 3/14/2014 4/30/2014

1 1234 12/1/2014 2/18/2015

1 3456 1/28/2016 10/7/2016

1 2345 9/22/2017 11/17/2017

1 3467 8/13/2016 3/1/2017

2 8734 1/24/2016 7/23/2016

2 4432 11/20/2016 6/6/2017

2 2473 5/30/2017 12/29/2017

2 1234 4/30/2015 7/4/2015

2 3467 1/12/2015 8/24/2015

2 4572 4/4/2016 3/8/2017

11 cohorts eras, each 
record in the COHORT 
table uniquely identifies 
a period of time a person 
satisfies cohort criteria

ERA 1
ERA 2
ERA 3
ERA 4
ERA 5
ERA 6
ERA 7
ERA 8
ERA 9
ERA 10
ERA 11



Consequences of OHDSI’s definition of cohort

Cohort = a set of persons who satisfy one or more inclusion criteria for a duration of time

Cohort era = a continuous period during which a person has satisfied a cohort’s inclusion criteria

COHORT_ 
DEFINITION_ID SUBJECT_ID

COHORT_ 
START_DATE

COHORT_ 
END_DATE

1 1234 3/14/2014 4/30/2014

1 1234 12/1/2014 2/18/2015

1 3456 1/28/2016 10/7/2016

1 2345 9/22/2017 11/17/2017

1 3467 8/13/2016 3/1/2017

2 8734 1/24/2016 7/23/2016

2 4432 11/20/2016 6/6/2017

2 2473 5/30/2017 12/29/2017

2 1234 4/30/2015 7/4/2015

2 3467 1/12/2015 8/24/2015

2 4572 4/4/2016 3/8/2017

One person may 
belong to multiple 
cohorts
• Persons 1234 and 

3467 both belong to 
COHORT 1 and 2

One person may belong to the 
same cohort at multiple 
different time periods
• Person 1234 has two eras in 

COHORT 1

One person may not belong to 
the same cohort multiple times 
during the same period of time  
(e.g. eras do not overlap)

One cohort may have 
zero or more eras
• COHORT 1 has 5 eras
• COHORT 2 has 6 eras
• COHORT 3 has 0 eras



OHDSI open-source community tools to support 
phenotype development and evaluation process

Phenotype definition tools:
• ATLAS

– Concept set expressions – with recommendations from PHOEBE2.0
– Cohort Definitions – to design a rule-based cohort definition
– Profiles – to review individual cases

• CapR  - cohort definition application programming in R, to design rule-based cohort 
definitions consistent with CIRCE JSON specifications

• APHRODITE  - to develop a probabilistic phenotype by training a prediction model using 
noisy labels

Phenotype evaluation tools:
• CohortDiagnostics – to evaluate phenotype algorithms using population-level 

characterization to identify sensitivity/specificity errors and index date misspecification 
• PheValuator  - to evaluate a phenotype algorithm (estimate sensitivity/specificity/PPV) 

by training a prediction model and creating a probabilistic reference standard
• KEEPER – An R package for reviewing patient profiles for phenotype validation, through 

human or LLM-assisted case adjudication
Phenotype Library



Phenotype Development

Phenotype Development process

Inputs:
• Clinical idea

Outputs:
• Cohort definition



Steps for developing phenotypes with evaluation in 
mind

1. Identify the persons who might have the disease

– Aim:  Increase sensitivity

– Task:  Create inclusive conceptsets used in cohort entry events

2. Restrict persons who likely do not have disease

– Aim:  Increase specificity / positive predictive value

– Task:  Add inclusion criteria

3. Determine the start and end dates for each disease episode

1. Aim:  Reduce index date misspecification

2. Task:  Set exit strategy, refine entry events and inclusion criteria



Phenotype Development

Phenotype Development process

Inputs:
• Clinical idea

Outputs:
• Cohort definition



Phenotype Development

Phenotype Development process

Inputs:
• Clinical idea

Outputs:
• Cohort definition

Write 
clinical 

description

Review prior 
work (e.g. 
literature, 
phenotype 

library)

Implement 
logic (e.g. 

ATLAS, 
CapR)



Phenotype Development

Phenotype Development process

Inputs:
• Clinical idea

Outputs:
• Cohort definition

Probabilistic phenotyping: APHRODITE
1. Create a noisy label reference set
2. Train a model to classify patients
3. Assign persons with high probability to 

cohort



Phenotype Development

Phenotype Development process

Inputs:
• Clinical idea

Outputs:
• Cohort definitionLet the LLM figure it out….





Phenotype Evaluation

Phenotype Evaluation process

Inputs:
• Clinical idea
• Cohort definition
• Database

Outputs:
• Measurement error 

quantification



Evaluating phenotypes

• Objective:  estimate the extent to which the inference from the 
phenotype algorithm consistent with the true health state of 
the patients?

• Measurement error measures:

– Sensitivity, specificity, positive predictive value, negative predictive 
value

• ‘A phenotype is fit-for-use’  = The measurement error of the 
phenotype in the dataset is sufficiently small that it will not 
negatively impact the interpretation of analysis results



Phenotype Evaluation

Phenotype Evaluation process

Inputs:
• Clinical idea
• Cohort definition
• Database

Outputs:
• Measurement error 

quantification

Source record verification:
1. Identify persons in cohort 

definition
2. Retrieve source records and have 

experts manually perform chart 
review

3. Estimate PPV



Phenotype Evaluation

Phenotype Evaluation process

Inputs:
• Clinical idea
• Cohort definition
• Database

Outputs:
• Measurement error 

quantification

PheValuator:
1. Create a noisy label reference set
2. Train a model to classify patients
3. Create an evaluation dataset with 

probabilities for each patients
4. Compare patients in cohort 

definition to predicted 
probabilities to estimate 
sensitivity, specificity, PPV, NPV



Phenotype Evaluation

Phenotype Evaluation process

Inputs:
• Clinical idea
• Cohort definition
• Database

Outputs:
• Measurement error 

quantification
Let the LLM figure it out….





Phenotype Evaluation

Phenotype Evaluation process

Inputs:
• Clinical idea
• Cohort definition
• Database

Outputs:
• Measurement error 

quantification

KEEPER-LLM:
1. Create structured patient profiles 

(KEEPER) for persons in and out of 
cohort definition

2. LLM adjudicates profiles to 
determine case/non-case status 
and confidence

3. Compare patients in cohort 
definition to estimate sensitivity, 
specificity, PPV, NPV



Evaluating the Phenotype Development and 
Evaluation process

Phenotype Development processInputs:
• Clinical idea

Outputs:
• Cohort definition

Phenotype Evaluation processInputs:
• Clinical idea
• Cohort definition
• Database

Outputs:
• Measurement error 

quantification

Phenotype Evaluation Calibration
Inputs:
• Clinical idea
• Cohort definition
• Database
• Measurement error 

quantification

Outputs:
• Measurement error 

bias assessment



Let’s phenotype Acute Myocardial Infarction…







Feel free to read the full LLM report:

https://g.co/gemini/share/902df1c5668f

https://g.co/gemini/share/902df1c5668f


Clinical elements associated with disease status

• Diagnosis of interest:  ‘Acute myocardial infarction’
• Symptoms: Chest pain, Difficulty breathing, Sweating, Nausea, …
• Diagnostics:

– Procedures: Electrocardiography, angiocardiography, …
– Measurements: Troponin, creatine kinase, …

• Therapeutic interventions:
– Drugs: beta blocker, aspirin, heparin, clopidogrel, …
– Procedures: percutaneous coronary intervention, coronary artery bypass 

grafting, insertion of cardiac pacemaker…

• Complications: heart failure, cerebral hemorrhage, acute kidney injury, 
acute pulmonary edema, hepatic failure…

• Alternative diagnoses: Aortic aneurysm, panic attack, esophageal reflux… 



Heberle, H.; Meirelles, G. V.; da Silva, F. R.; Telles, G. P.; Minghim, R. InteractiVenn: a web-based tool for the analysis of sets through Venn 

diagrams. BMC Bioinformatics 16:169 (2015).10.1186/s12859-015-0611-3

http://doi.org/10.1186/s12859-015-0611-3
http://doi.org/10.1186/s12859-015-0611-3
http://doi.org/10.1186/s12859-015-0611-3
http://doi.org/10.1186/s12859-015-0611-3
http://doi.org/10.1186/s12859-015-0611-3
http://doi.org/10.1186/s12859-015-0611-3
http://doi.org/10.1186/s12859-015-0611-3










Plans for Phenotype Aphril

• Week 1:  Phenotype development

– April 7 community call:  Demo – building cohorts in ATLAS

• Week 2:  Phenotype evaluation

– April 14 community call:  Interactive – case adjudication using KEEPER

• Week 3: Iterative phenotype development

– No community call:  build your own AMI cohort definitions!

• Week 4: Iterative phenotype evaluation

– April 28 community call:  Review performance of submitted AMI 
cohort definitions



Join the Journey!

https://www.ohdsi.org/join-the-journey/

Looking forward to collaborating with all of you!

Email me:   ryan@ohdsi.org

https://www.ohdsi.org/join-the-journey/
https://www.ohdsi.org/join-the-journey/
https://www.ohdsi.org/join-the-journey/
https://www.ohdsi.org/join-the-journey/
https://www.ohdsi.org/join-the-journey/
mailto:ryan@ohdsi.org
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