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F// 2026 Phenotype Aphril

In partnership with the Generative
Al and Foundational Models

 Week 0: Phenotype Aphril kickoff Workgroup
— March 31 community call: Overview of phenotyping and opportunities for
LLM

* 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 AMI cohort definitions




Phenotype process
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Phenotype Evaluation process

Inputs:
 (Clinical idea

e Cohort definition
e Database

Phenotype Development process

Outputs:
* Measurement error
guantification




8 different MI definitions for evaluation

Cohort description m

Acute Myocardial infarction diagnosis or complications Seed cohorts
Acute Myocardial infarction diagnosis Seed cohorts
Acute Myocardial infarction diagnosis or complication, IP , primary Seed cohorts
Acute Myocardial infarction diagnosis or complication, IP, 2dx Seed cohorts

Acute myocardial infarction diagnosis, complications, diagnostic or therapeutic intervention, IP Seed cohorts
with no alternative diagnosis

All events of Myocardial infarction* , IP, ER OHDSI Legend
studies

Myocardial infarction diagnosis , IP OHDSI covid

Myocardial infarction diagnosis , age >30, IP,ER, with treatment procedures or diagnostic Al submission

procedures, another DX, no alternative diagnosis



Phenotype Evaluation
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Phenotype Evaluation process

Inputs: Outputs:

* Clinical idea Let the LLM figure it out.... * Measurement error
* Cohort definition quantification

* Database




npj | digital medicine Article

Published in partnership with Seoul National University Bundang Hospital 8

https://doi.org/10.1038/541746-025-01433-4

Standardized patient profile review using
large language models for case
adjudication in observational research

ﬂ Check for updates

Martijn J. Schuemie @ '%*J, Anna Ostropolets'*, Aleh Zhuk'®, Uladzislau Korsik™®, Seung In Seo'®,
Marc A. Suchard'®, George Hripcsak™ & Patrick B. Ryan"**

Using administrative claims and electronic health records for observational studies is common but
challenging due to data limitations. Researchers rely on phenotype algorithms, requiring labor-
intensive chart reviews for validation. This study investigates whether case adjudication using the
previously introduced Knowledge-Enhanced Electronic Profile Review (KEEPER) system with large
language models (LLMSs)is feasible and could serve as aviable alternative tomanual chart review. The
task involves adjudicating cases identified by a phenotype algorithm, with KEEPER extracting
predefined findings such as symptoms, comorbidities, and treatments from structured data. LLMs
then evaluate KEEPER outputs to determine whether a patient truly qualifies as a case. We tested four
LLMs including GPT-4, hosted locally to ensure privacy. Using zero-shot prompting and iterative
prompt optimization, we found LLM performance, across ten diseases, varied by prompt and model,
with sensitivities from 78 to 98% and specificities from 48 to 98%, indicating promise for automating
phenotype evaluation.

LLMs and humans show comparable
performance (compared to human
majority)

n

| a. Current status guo: in EHR systems, chart review is typically only applied to identified cases, allowing estimation of the PPV only.

Phenotype Identified Patient Physician
algorithm disease cohort charts review

b. The KEEPER system replaces charts with summaries from structured data, allowing for more efficient review for a wider variety of data. )

> KEEPER
Phenotype Identified KEEPER Physician
algorithm disease cohort output review

| €. Here we propose to use KEEPER with LLMS, further reducing manual effort.

‘ > KEEPER
Phenotype Identified KEEPER LLM
algorithm disease cohort output review

( d. By using KEEPER with LLMS, review can be scaled up to include non-cases, allowing computation of both PPV and sensitivity.
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KEEPER-LLM

e Also use LLM to draft KEEPER input concept sets
 Added Shiny app for human review

* (Slightly) modify system prompt for newer LLMs:
— Reasoning (no need for chain-of-thought prompting)

ohdsigithub.io/Keeper/

Changelog mHADES ©)

Reference Article:

Keeper 2.

— Enforcing structured output

Knowledge-Enhanced Electronic Profile Review Links
(KEEPER) o

Reporta bug

ource code

KEEPER is part of HADES.
Apache License

Citation

Introduction

An R package for reviewing patient profiles for phenotype validation.

Citing Keeper
Developers

Ostropolets Anna

Features Sothonmaksabeer

Schuemie Martjn
« Extracts patient level data for a) a random sample of patients in a cohort or b) patients in a user-specified list and formats it

according to the KEEPER principles.

Author

More about authors.

Supports review of patient profiles by humans through an interactive Shiny app.

Supports review of patient profiles by larg

Examples

keeperConceptSets <- generateKeeperConceptSets(
phenotype = “Gastrointestinal bleeding”,
client = ellmer::chat_openai_compatible(),
vocabConnectionDetails = connectionDetails,
vocabDatabaseSchema = “cdn”

)

keeper <- generateKeeper(
: s o i i1s,

cdmDatabaseSchema = "cdn”,
cohortDatabaseSchema = "results”,
cohortTable = "cohort”,

I cohortDefinitiontd = 1234,

sampleSize = 100,
removePii = TRUE,

phenotypeName = "Gastrointestinal bleeding”,
keeperConceptSets = keeperConceptSets

)
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) Phenotvpe Evaluation

Phenotype Evaluation process

KEEPER-LLM:
Create structured patient profiles
(KEEPER) for persons in and out of

Inputs: cohort definition (week 2) Outputs:
* Clinical idea LLM adj.udicates profiles to * Measurement error
« Cohort definition determine case/non-case status quantification

and confidence

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

e Database




F 1. Generating Keeper profiles for review

1) Strat with clinical description for Ml

2) Construct the inputs and draft Input Concept Sets

* Diagnosis of interest: ‘Acute myocardial infarction’

* Alternative diagnoses: Aortic aneurysm, panic attack, esophageal reflux...
consider concepts related to both Ml and its differential diagnoses

* Symptoms

e Diagnostics (Procedures, Measurements)

* Therapeutic interventions (Drugs: Procedures)

 Complications

* use the ellmer package to connect to an LLM from your provider of choice, including
Anthropic, Google, OpenAl, or a local LLM

3) Keeper extracts data based on the input concept sets: If a concept belonging to an input
concept set is found in a patient’s records, Keeper will extract it along with its date relative to
the index date




F Adjudicating Person 4081
Vi J 5

Knowledge-Enhanced Electronic Profile Review (KEEPER)

Profile  Timeline Phenotype:
Demographics @
Age: 64

Sex: MALE Acute myocardial infarction

Observation period: day -156 - day 956
Race: White
Ethnicity: Not Hispanic or Latino

Presentation @ Decision @
o ) i ) _ Decision
Acute myocardial infarction (Claim, Secondary diagnosis) -
: : . ) ! : ase
Abnormal results of cardiovascular function studies (Claim, Secondary diagnosis)
- . . o o . - Non-case
Coronary arteriosclerosis (Claim, Primary diagnosis)
Essential hypertension (Claim, Secondary diagnosis) Certainty
Hyperlipidemia (Claim, Primary diagnosis) High
Obesity (Claim, Secondary diagnosis)
Low
VISltS e Correct index day
Inpatient Visit (days 22 to 27)
Laboratory Visit - Independent Laboratory (day 30)
Outpatient Visit - Internal Medicine (day -5)
Outpatient Visit - Physician / Diagnostic Radiology (day 8) Patient selection
Outpatient Visit - Thoracic Surgery (Cardiothoracic Vascular Surgery) Physician (day 0)
Pharmacy V?S-It - General S.urger\; (d a_y -2, day 16, day 20) 408 /10000
Pharmacy visit - Interventional Cardiology (day 4)

Pharmacy visit - Nephrology (day -17, day 13)

Colorlegend @

Sym pto ms e « Disease of interest
+ Both

Dyspnea (day -5) * Alternative diagnoses



/ll‘ 2. Creating a reference set for Ml (by adjudicating)

1) Build a highly-Sensitive Cohort.
/ Database population \ Anybody who has one
concept/code of MI. OR Anybody
who has at least two of ‘highly
specific concepts’ of Keeper input
concepts

Running Keeper on the highly-
Sensitive to extract Keeper profiles
Nobody outside the highly-sensitive cohort is on 10 k sample and use an LLM to

expected to have the disease / adjudicate these cases- store the
reference set for Ml

T




Nobody outside the highly-sensitive cohort is
expected to have the disease

3. Evaluating Target Cohorts

1) Generate the target cohort in
the same database

2) Estimate measurement error
PPV= tp/(tp+fp)
Sensitivity= tp/(tp+fn)




Results
Cohortdescripton ~ Cohortld

X

Acute M dial infarction di i licati 1796888
Sensitivity and PPV by Cohort (Certainty = All) cute Myocardial infarction diagnosis or complications

12 Acute Myocardial infarction diagnosis 1796887

Acute Myocardial infarction diagnosis or complication, IP, 1796889
1 primary

08 Acute Myocardial infarction diagnosis or complication, IP, 1796892
2dx
Acute myocardial infarction diagnosis, complications, 1796894

diagnostic or therapeutic intervention in IP with no
alternative diagnosis

I
>

Sensitivity / PPV Value
o
(o))

All events of Myocardial infarction* , IP, ER 540

o
N

Myocardial infarction diagnosis , IP

o

Myocardial infarction diagnosis , age >30, IP.ER, with 23986
treatment procedures or diagnostic procedures, another DX,
no alternative diagnosis

Cohort

B Sensitivity H PPV




Few learnings around sources of errors

Old MI: Distinct patterns differentiate acute incident Ml from prevalent Ml,
extending beyond the presence of diagnosis codes or inpatient setting
(e.g., carry-over codes).

Rule-out MI: Some patterns distinguish rule-out M| from confirmed M,
reflecting differences in clinical course and management.

Can’t reply on cardiac enzymes: Key clinical discriminators (e.g., troponin
elevation) are not consistently observed, even among cases with
substantial supporting evidence for MI.

Was there a true injury versus ischemia?: Uncertainty and
misclassification may stem from ambiguity around true myocardial injury
versus diagnostic suspicion of ischemia.

Multiple codes on the same day: Multiple Ml diagnoses and competing
alternative diagnoses can co-occur within patient records.




2026 Phenotype Aphril

ATLAS [PhenotypeApril] persons with acute myocardial infarction

Home Definition ptSets  Generation  Samples  Reporting  Export  Versions

Data Sources
Enter a cohort definition description here
Search

Clinical elements associated with disease status

Cohort Definitions

* Diagnosis of interest: ‘Acute myocardial infarction’

* Symptoms: Chest pain, Difficulty breathing, Sweating, Nausea, ...

* Diagnostics: Profiles
— Procedures: Electrocardiography, angiocardiography, ... Estimation a procedure occurrence of [T SRR

Events having any of the following criteria:
Characterizations
a condition occurrence of [NIERIEE IRV RIS SIS
Cohort Pathways <

Incidence Rates
a condition occurrence of ESTITNGITIEES

— Measurements: Troponin, creatine kinase, ... ® Prediction
* Therapeutic interventions: Reusables
— 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...

ERUEEENENENEAE  diagnostic procedures and mea... v

Jobs

EXOVCESGRENERIE  therapeutic interventions - drug... v

Configuration

Feedback

ELICILMELIETENRE  therapeutic interventions - drug...  +

Tools

a condition occurrence of EEESINNRETICIEES

Inclusion Report for Optum Extended DoD (v3787) using 1 event per person

Match Rate Matches Total Events
Summary Statistics: 0.18% 123234 68218,480
Knowledge-Enh ic Profile Review (KEEPER) i g G sciod ot [oamead Population Visualization Switch to attrition view
/| Inclusion Rule N %Satisfied % To-Gain
V| 1. has dia finterest 1529357 224% %
| Database has diagnosis of interes 52935 2 083
| 2. has symptom 59,083,628 8661% 001%
Demographics @ DETUMEaended DO | 3. has diagnostic procedure or measurment 39,491,240 57.89% 0.00%
Age:sL Phenotype /| 4. has therapeutic intervention - drug or procedure 32715,153 47.96% 001%
Sex: FEMALE Acute Myocardial Infarction | 5. has follow-up care or complication 17,155,854 25.15% 001%
Observation period: day -871 - day 40 Person ID V| 6. has no alternative diagnoses 41,217,790 60.42% 135%
Race: White il V| 7. has 2+ categories 67,909,815 99.55% 0.00%
y Hispa 2 = n
Ethnicity: Not Hispanic or Latino /| 8. has 3+ categories 61289210 89.84% 0.00%
Presentation @ Decision ® /| 9. has 4+ categories 25,766,487 37.77% 0.00%
el ] 10, has 5+ categories 6,106,186 895% 0.00%
| infarction (Claim, Primar
Case
linfarction (Inpatient claim h Summary: 66,218,480 events (100.00%)
Non-case
iomyopathy ndary diagnosis) Certainty
Acute on chronic combined systolic and diastolic heart failure (Claim, Secondary diagnosis) High
Acute on chronic combined systolic and diastolic heart failure (Inpatient claim header, Secondary diagnosis) i
ow

Chest pain (Claim, Primary diagnosis)

Congestive heart failure (Claim, Secondary diagnosis) Correct index day
Congestive heart failure (Inpatient claim header, Secondary diagnosis)

Paroxysmal atrial fibrillation (Claim, Admission diagnosis)

Patient selection

Jisease (Claim, Adrn e . 275 /10000




OHDSI| Al-Driven Pherotype Development Workflow

Stage 1: The Input Stage 2: The “Transparent ‘Black box” Engine” Stage 3 or Output Phenotype
Evaluation
Al-Driven Deterministic System automated frameworks
(PheValuator / Keeper/
P CohortDiagnostics)
/ k \ | . " / :,» \' ﬁ:{; LS -\:\: (XX \
? | ' 7 \
__________________________________ B Sensitivity
Clinical Idea : : : G
! Diagnostic | i Definition
| Diagnosis Symptoms .
High-level case definition / . [ - ]-[ Ly H Procedures ] : Deterministic, ' 7 ‘
clinical description l i machine- Specificity
(e.g., Acute Myocardial E X X ! executable
Infarction) ! . I : artifact (Atlas
' | Therapeutic Alternative | | Circe JSON / SQL)
\ / i Lnterventlon ]—[Compllcatlon]—[ Diagnoses ] i s ) ' 7 ‘
e e e el 2 Positive
6D Framework P R ——— P’f,::f‘t:’e
Systematic proposer-verifier neurosymbolic Al (PPV)
L to optimize sensitivity/specificity. 3
\_ 4

Figure 1: Systematic Workflow for Phenotype Development. This conceptual architecture illustrates the transition from manual, subjective heuristic coding to a
standardized, automated pipeline. A raw clinical idea (Input) is processed by an Al-driven system that deconstructs the phenotype intent using a universal
six-dimensional framework. This engine generates a deterministic, machine-executable cohort definition (Output). Crucially, the development phase is decoupled
from evaluation, relying on automated probabilistic tools to objectively measure performance metrics (Sensitivity, Specificity, PPV) and ensure reproducibility.



What we achieved- and what we didn’t (YET)

2026 APRIL

MONDAY
ECALENDAR YEAR CALENDAR MONTH FIRST DAY OF WEEK
E Monday Tuesday Wednesday  Thursday Friday Saturday Sunday
! 1 2 3 4 si

OHDSI Community Call -
kick things off, introduc
the pI and cover the
clini Id cription

OHDSI Community Call
- live build of the seed
cohorts

)
a3 14 15 16 17 18 19}

OHDSI Community Call
- interactive KEEPER
evaluation session (live
polling/voting on
patient
profiles)Submission
window opens.

Break (OHDSI Europe) Deadline for
community
JSON

submissions

27 28 29 30

OHDSI Community Call
- Final rundown and
learnings

In partnership with Generative Al and
Foundational Models Workgroup

We demonstrated a non-circular, structured evaluation
approach (example) that is

1.Anchored by prior clinical knowledge

2.Enriched with patient-level data, insights, and patterns
3.Utilized knowledge embedded in existing OHDSI assets
(vocabulary structures)

4.Scalable through LLM models

What we still need to work on:

1. Insufficient volume of community submission

2. Limited hands-on iteration with the full end-to-end
process

\N A/
DAQ

/|\



Stage 1: The Input Stage 2: The “Transparent ‘Black box” Engine” Stage 3 or Output | Phenotype
Evaluation
' Phenotype development - automated frameworks
(PheValuator / Keeper/
/ \ CohortDiagnostics)
N P
é 4
e B e SECEEEEREE ---- - 5 Sensitivity
Tk ¢ ) i Cohort
Clinical Idea t [NiBiaencels Diagnostic | | Definition 1S
High-level case definition / E € Procedures | ! Deterministic, ' 7 ‘
clinical description H E machine- Specificity
(e.g., Acute Myocardial i | I ! executable
iferction) | Therapeutic Alternative E Cartijzc(:)t'\(lA/tlsasL a7
j i lntervepntions]-[c"mpl'camnS Diagnoses | i = ot [ 4 7 (
e AN gl Positive
6D Framework PSR, P’f,:::':’e
Systematic proposer-verifier neurosymbolic Al (PPV)
to optimize sensitivity/specificity. )
| J

Lt aas e

What Did We Accomplish?

“1e heuristic co
using a univi

- t. This ¢ —— + —
)is proc;ﬁ? ﬁ 2024 Phenotype Phebruary team

‘_ Phenotype Phebruary Daily Updates ministic, opment phast 'é\( Phenotype Phebruary 2025: what we achieved
OHDSI « . objective Anna Ostropolets Asieh Golozar  Jamie Weaver ure reproduc
h h Ve Phenotype Phebruary 2023 in numbers Joel Swerdel S
f\ Septi Melisa protrny Lisa Schilling Azza Shoaibi Phenotyping for ~85%
e e * 11 phenotypes discussed in the forums Harold Lehmann Buchi Anikpezie - of studies is done or
b ~ 5 phenotypes finished peer review --> library S Rt almost done
n — 5 phenotypes developed, evaluated and on their Pty Franchik Dave Kern Hayden Spence
way to peer review Judy Racoosis

o r * 4 debates/discussions addressed e e e i Steve Johnson Andrew Kanther
t u * 7 shiny apps on data.ohdsi.org Eva-maria Didden Tsonko Tsonkov David Dorr Seung In Seo
y a .. :ﬁ:gg:gt)craalrsors interacted in the forums or Buchi Anikperie e s

. r * 9 Publications Alexey Ryzhenkov Atif Adam  Linying Zhang Gowtham Rao

— 8applied publications planned

p Watch on (3 YouTube y — 1 methods publication ) Htn-du Sl Ruochong Fan i e Bolu Oluwalade SO wAmodeod . mHaEwiydond
e =g = r/meo

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

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

4 Phenotype Library

o ©°¢




V This is just an example! We are on a long journey

* As black-box models and “advanced agents” proliferate,
rigorous and systematic evaluation becomes essential.

* Meaningful evaluation requires well-defined reference sets to
enable iteration, benchmarking, and continuous improvement.

* Establishing reference datasets and gold standards is
inherently challenging and demands sustained,
community-driven collaboration.

* Join OHDSI Al and the phenotype development and evaluation
work groups to make a difference!!!



F/’ Lets discuss

* We told you about our fun with agents, tell us about yours ?!
* Any special learning from clinical workgroups ?

 Our journey into OHDSI phenotype reference set?
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