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1/10 americans (400M globally) affected

each patient’s characteristics are akin to the
variation in zebra stripes

“When you hear hoof beats,
think horses, not zebras.”

“There are ~7000 rare diseases”

- per Orphan Drug Act (1983);

This number is demonstrably
wrong.




Rare disease: Key to solving numerous bottlenecks in precision mec
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Critical Bottlenecks in Rare Disease Research and Care: A Community Perspective
https://zenodo.org/records/14906644
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Patient journeys differ across health care systems and ¢

..for diseases with ICD codes or that are

easily phenotyped

Research \ Open Access \ Published: 22 October 2021

The IDeaS initiative: pilot study to assess the impact
of rare diseases on patients and healthcare systems

Ainslie Tisdale, Christine M. Cutillo, Ramaa Nathan, Pierantonio Russo, Bryan Laraway, Melissa Haendel,

Douglas Nowak, Cindy Hasche, Chun-Hung Chan, Emily Griese, Hugh Dawkins, Oodaye Shukla, David
A. Pearce, Joni L. Rutter & Anne R. Pariser &

Orphanet Journal of Rare Diseases 16, Article number: 429 (2021) | Cite this article
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One problem: what comes out of the EHR is lossy
BUT it is what many Al models are based on

Indirect

Mesocardia mapping

ICD10CM-to-SNOMED via OHDSI
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Melanie Philofsky, Katie Mullen
https://www.ohdsi.orq/2025showcase-141/
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Al alone can't fix discordant or missing data / kno

GENETICS

Mondo: Integrating Disease Terminology Across

Communities 3

Vasilevsky et al October 2025
https://doi.org/10.1093/genetics/iyaf215

@) THE WORLD'S DISEASE CONCEPTS, UNIFIED
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Association Disease Record
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Al is already helping us reconcile disparate g¢
disease definitions
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Precision Medicine is sbrehallenges aren’t technical

.~ Newborn Screening

Al will make 1t easier/ cheaper;
governance/ policy needed to make implementation reality

Chasm of
Approximate Medicine:

Rare diseases, Chronic complex conditions, Mental health conditions,

Autoimmune diseases, Environmental and occupational ilinesses, Functional
disorders (eg. IBS, fibromyalgia),

Emerging diseases, Addiction and substance use disorders



Data modalitie
relevant to
health are
Increasingly
highthroughput

and must be
analyzed in
context of thei
temporal flow.
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Current discourse on Al is lampposting

PATIENT SHKING CARE

Patient’s experience

What patient chooses to seek care for

What the patient has access to care for
What patient wants to tell provider

What the patient knows how to tell provider

CARE ENCOUNIER

What the provider hears

What the provider chooses to document

What the EHR makes possible to document

What the EHR exposes for secondary use

What the [IMis actually able to do with the note

PERSON-LINKABLE DATA
Genomics
Prescriptions
Surveys
Wearables
Vision
Dental Structured data, notes,
trial matching

POPULATION-SCALE

Drug repurposing
Health economics
Exposures

Social determinants
Public health /
disease trends



B) PHENOTYPE PROFILE MATCHING

A) VARIANT FILTERING
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fashioned Al
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variant
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C) FINAL PRIORITIZATION -

github.com/exomiser
doi: 10.1038/gim.2015.137

Nm mmane ||
EXOMISER @ m%a@rch
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https://www.nejm.org/doi/full/10.1056/NEJMoa2035790
https://exomiser.readthedocs.io/en/latest/

There are

many steps in

the journey
where Al can
assist
precision

medicine and

geNomICS

DIAGNOSEAND
TRIAGE

Portals and
Clinical Decision
Support

Symptomatic
+/- work-up

e Traditional
consultation

e Facilitated
testing/

referral

° Genqmic
medicine
boards

e E-consults

At risk due to
family history

Screen
positive

Negative work-
up and low post-
test probability
of having a rare
disease

I/ High post-test

| probability: a
patient who has a
negative work-up
(e.g. exome or
genome) but who
likely has a rare
disease and
remains
“undiagnosed”)

Established
diagnosis

e Guidance for PCP
e |terative phenotyping

UNDIAGNOSED DISEASE
(INC

Care coordination
Longitudinal follow-up
Advanced diagnostics
Iterative phenotyping

ULIRA-RARE DISEASE
CINCS)

Care coordination
Longitudinal follow-up
Iterative phenotyping
N of 1 trial capability

MULTIDISCIPLINARY
(INCS

e Care coordination

e Longitudinal follow-up

e Clinical trial and targeted
therapeutics capability

(AINCAL&
TRANSLATIONAL
RESEARCH

e Drug discovery
e Trials
e Informatics & Standards

BASIC SCIENCE

Laboratory validation of
novel disease genes
Variant effect mapping
Animal models
Targeted therapies

RAREDISEASEREGISTRY
Biospecimens
Phenotypes
Health data
Treatments
Outcomes




Takeaways to bridge the chasm of approximate m

Problem: Al models built Problem: Al alone can’t Problem: Implementation
on data that happens to be  fix discordant or missing trails far behind

available; narrowly applied  data / knowledge technology.

Solution: Include more Solution: Harden & Solution: Modernize data
data types, integration, and leverage knowledgebases, governance, stewardship,
linkage, and expand deploy socio-technical and policies to bring all
applications to more engineering data to the point of care

timepoints in the care
journey
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