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

“There are ~7000 rare diseases” 
- per Orphan Drug Act (1983); 

This number is demonstrably 
wrong.

1/10 americans (400M globally) affected

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



Critical Bottlenecks in Rare Disease Research and Care: A Community Perspective 
https://zenodo.org/records/14906644

Rare disease: Key to solving numerous bottlenecks in precision med   

https://zenodo.org/records/14906644


Patient journeys differ across health care systems and d  

months

bit.ly/ideas-initiative-rd

….for diseases with ICD codes or that are 
easily phenotyped



Differences in prevalence across healthcare systems are in part due to   
diagnostics, but also due to differences in coding and billing biases

Condition

Rare disease 
prevalence 

varies across 
healthcare 
systems & 

public sources
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One problem: what comes out of the EHR is lossy 
BUT it is what many AI models are based on

Melanie Philofsky, Katie Mullen
https://www.ohdsi.org/2025showcase-141/

Mesocardia
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Congenital 
heart disease
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https://www.ohdsi.org/2025showcase-141/
https://www.ohdsi.org/2025showcase-141/
https://www.ohdsi.org/2025showcase-141/


AI alone can’t fix discordant or missing data / know

Cardiomyopathy, dilated, 1S MYH7
Cardiomyopathy, hypertrophic, 1 3 genes
Congenital myopathy 7A, myosin storage, autosomal dominant MYH7 MYH7
Congenital myopathy 7B, myosin storage, autosomal recessive MYH7 MYH7
Laing distal myopathy MYH7 MYH7
Left ventricular noncompaction 5 14 genes MYH7
Ebstein malformation of the tricuspid valve MYH7 0 genes
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LEGEND

Absent

Present

Present but called something else

Present but uninterpretable 

Present but misrepresented; 
missing genes or mappings

Present but grouped or lumped 
with other term / gene

Present based on ORPHA but 
absent from OMIM or unspecified

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

https://doi.org/10.1093/genetics/iyaf215
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Just 5 sources comprise 10,577 
unique rare disease concepts  
(NOT ~7,000)

Only 333 shared 
disease concepts 
in all five sources

Many diseases 
are in only one 
source

Nature Reviews Drug Discovery (bit.ly/nature -rare-diseases)
Genetics (https://doi.org/10.1093/genetics/iyaf215 )
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AI is already helping us reconcile disparate ge  
disease definitions

http://bit.ly/nature-rare-diseases
http://bit.ly/nature-rare-diseases
http://bit.ly/nature-rare-diseases
http://bit.ly/nature-rare-diseases
http://bit.ly/nature-rare-diseases
https://doi.org/10.1093/genetics/iyaf215


Precision Medicine is here-ish; challenges aren’t technical

CancerNewborn Screening

AI will make it 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 illnesses, Functional 

disorders (eg. IBS, fibromyalgia), 
Emerging diseases, Addiction and substance use disorders
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Data modalities 
relevant to 
health are 
increasingly 
high-throughput 
and must be 
analyzed in 
context of their 
temporal flow.



Current discourse on AI is lampposting

Structured data, notes, 
trial matching

POPULATION-SCALE
● Drug repurposing
● Health economics 
● Exposures
● Social determinants
● Public health /  

disease trends

CARE ENCOUNTER
● 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 LLM is actually able to do with the note

PATIENT SEEKING 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

Approximate 
medicine

PERSON-LINKABLE DATA
● Genomics 
● Prescriptions
● Surveys
● Wearables
● Vision
● Dental



Good old 
fashioned AI 
can improve 
variant 
prioritization, 
leveraging 
multispecies 
knowledge

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

nejm.org/doi/full/10.1056
/NEJMoa2035790

exomiser.readthedocs.io

https://doi.org/10.1038/gim.2015.137
https://www.nejm.org/doi/full/10.1056/NEJMoa2035790
https://www.nejm.org/doi/full/10.1056/NEJMoa2035790
https://exomiser.readthedocs.io/en/latest/


MULTIDISCIPLINARY 
CLINICS
● Care coordination
● Longitudinal follow-up
● Clinical trial and targeted 

therapeutics capability

ULTRA-RARE DISEASE 
CLINIC(S)
● Care coordination
● Longitudinal follow-up
● Iterative phenotyping
● N of 1 trial capability

RESEARCHMANAGE AND 
COORDINATE CARE

DIAGNOSE AND 
TRIAGEIDENTIFY

Symptomatic 
+/- work-up 

At risk due to 
family history 

Screen 
positive 

● Traditional 
consultation
● Facilitated 
testing/ 
referral
● Genomic 
medicine 
boards
● E-consults

UNDIAGNOSED DISEASE 
CLINIC
● Care coordination
● Longitudinal follow-up
● Advanced diagnostics
● Iterative phenotyping

RARE DISEASE UNLIKELY
● Guidance for PCP
● Iterative phenotyping

Established 
diagnosis

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

RARE DISEASE REGISTRY
● Biospecimens
● Phenotypes
● Health data
● Treatments
● Outcomes

BASIC SCIENCE
● Laboratory validation of 

novel disease genes
● Variant effect mapping
● Animal models
● Targeted therapies

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”)

Portals and 
Clinical Decision 

Support

CLINICAL & 
TRANSLATIONAL 
RESEARCH
● Drug discovery
● Trials
● Informatics & Standards

DIAGNOSED DISEASE

There are 
many steps in 
the journey 

where AI can 
assist 

precision 
medicine and 

genomics



Takeaways to bridge the chasm of approximate me

Problem: AI models built 
on data that happens to be 
available; narrowly applied
Solution: Include more 
data types, integration, and 
linkage, and expand 
applications to more 
timepoints in the care 
journey

Problem: AI alone can’t 
fix discordant or missing 
data / knowledge  
Solution: Harden & 
leverage knowledgebases, 
deploy socio-technical 
engineering

Problem: Implementation 
trails far behind 
technology.
Solution: Modernize data 
governance, stewardship, 
and policies to bring all 
data to the point of care
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