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“ The world according to Stable Diffusion is run by 
White male CEOs. Women are rarely doctors, 
lawyers or judges. Men with dark skin commit 
crimes, while women with dark skin flip burgers.

Bloomberg, 2023

”



2022: 8 BILLION PEOPLE
2037: 9 BILLION PEOPLE

2058: 10 BILLION PEOPLE



Diversity: challenges

https://gwasdiversitymonitor.com/

Associations are discovered overwhelmingly in 
population of European descent

https://gwasdiversitymonitor.com/


Diversity: impact

Nature 574, 608-609 (2019)

“[…] the algorithm was 
less likely to refer black 
people than white 
people who were equally 
sick to programmes that 
aim to improve care for 
patients with complex 
medical needs.[…]”



Large scale cohorts

International Health Cohorts 
Consortium

https://globalgenomics.org/ihcc/

https://globalgenomics.org/ihcc/
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2009: H1N1 “swine flu” 
pandemic

2020: SARS-CoV-2 “covid” 
pandemic

2024: H5N1 “avian flu” pandemic
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2009: PHAC/CIHR Influenza Research 

Network

2020: Canadian COVID-19 Genomics 
Network

2024: Coronavirus Variants Rapid Response 
Network – wastewater monitoring



Clinical 
data • Patient Demographics

• Vital Signs
• Lab Results
• Progress Notes
• Problem Lists and Diagnoses
• Procedure Codes

• Allergy Lists
• Medication Data
• Admission, Discharge and 
Transfer
• Skilled Nursing and Home Health
• Social Determinants of Health
[…]

Challenges with controlled-
access data and international 

regulations 



Clinical data: 5 Safes



These imply massive amount of heterogeneous data. 
How do we make sense of it?





COHORTS
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narrow, well-defined scope



• Enabling us to construct 
reliable systems quickly

Building Data Portals (Better)

• Modular components with 
narrow, well-defined scope

• Providing time for new 
features & components that 
improve our systems further

Mitchell Shiell



This creates an 
ecosystem of 
independently reusable 
components

Storage

Privacy & 
Security

Integration
& 

Interoperabilit
y

Findability

Accessibility

Score
File Transfer 

& Object 
Storage

Maestro
Metadata Indexing 

Arranger
Search API with prebuilt UI 

components

Song
Metadata Tracking

& Validation

Ego
Authentication & 

Authorization



Diversity

“Machine learning detects longest cow in the world”

We need shared 
standards to 

represent and 
understand the 

world consistently

FIND 
HARMONIZED 

DATA



FIND DATA: IHCC Cohort Atlas Browser

https://ihccglobal.org/

NLP-based data 
harmonization

Philip 
Awadalla

Thomas 
Keane

https://ihccglobal.org/


FIND DATA: Computable cohorts
Monica Munoz-

Torres
Ian Fore Francis 

Jeanson

Orion Buske Grant Wood



Pandemics

Influenza virus https://virusseq-dataportal.ca/explorer

https://apaportal.sanbi.ac.za/

Justin Richardson

Alan Christoffels

OPEN-
SOURCE 

RAPID 
RESPONSE

We need reusable, 
modular tools that 

can be easily 
deployed globally

https://virusseq-dataportal.ca/explorer
https://apaportal.sanbi.ac.za/


We need standards and 
workflows to enable easy 

and fast access to data for 
researchers 

ACCESS
 DATA

Clinical 
data



Data Use Ontology (DUO)

ONTARIO INSTITUTE FOR CANCER RESEARCH 

https://ega-archive.org/datasets/EGAD00010001859

Vocabulary describing permitted data 
uses and modifiers
• General research use
• disease-specific research
• not for profit only
• ...

https://github.com/EBISPOT/DUO

https://www.ebi.ac.uk/ols/ontologies/duo

Moran Cabili Jonathan 
Lawson

https://ega-archive.org/datasets/EGAD00010001859
https://github.com/EBISPOT/DUO
https://www.ebi.ac.uk/ols/ontologies/duo


Lawson et al, https://bit.ly/duo-paper

https://bit.ly/duo-paper


Lawson et al, https://bit.ly/duo-paper

https://bit.ly/duo-paper


15 Countries
26 Projects 

63,116 
Patients
Committed

100,000 
Target

International Cancer Genome Consortium 
Accelerating Research in Genomic 
Oncology (ICGC ARGO) 

https://www.icgc-argo.org/

Lincoln Stein

https://www.icgc-argo.org/


ACCESS CLINICAL DATA: ICGC-ARGO data 
access module

Data sharing of 100k+ cancer participants, with comprehensive 
clinical and molecular data https://www.icgc-argo.org/

Ann Catton

https://www.icgc-argo.org/


40

International data sharing of 100k+ cancer participants, regulatory compliant

David Torrents

ACCESS CLINICAL DATA: ICGC-ARGO federation

Jon Eubank



Raymond Kim

ACCESS CLINICAL DATA: Participant 
enrollment portal

Ontario-wide monitoring of inherited 
cancer syndromes for research

https://ohcrn.ca/

Lauren Hugues

Brandon Chan

Michelle Brazas

Rakesh Mistry

https://ohcrn.ca/


Beyond 
FAIR



Tracking
data

Standards for 
provenance, evidence 
and attribution – eg 
PROV, ECO, CRediT 

Must accompany data 
and be computationally 
manageable



Tracking
data

Standards for 
provenance, evidence 
and attribution – eg 
PROV, ECO, CRediT 

Must accompany data 
and be computationally 
manageable

Reasoning
over data

Logical inference, 
validation, new insights



Tracking
data

Standards for 
provenance, evidence 
and attribution – eg 
PROV, ECO, CRediT 

Must accompany data 
and be computationally 
manageable

Reasoning
over data

Understanding
data

Open-source models: 
Llama, Mistral. Can be 
installed locally eg 
behind institutional 
firewall

Closed source models: 
GPT4, Claude.
Commercial support 
and innovation.Logical inference, 

validation, new insights



Tracking
data

Standards for 
provenance, evidence 
and attribution – eg 
PROV, ECO, CRediT 

Must accompany data 
and be computationally 
manageable

Reasoning
over data

Understanding
data

Open-source models: 
Llama, Mistral. Can be 
installed locally e.g. 
behind institutional 
firewall

Closed source models: 
GPT4, Claude.
Commercial support 
and innovation.

Ethical and 
equitable data

Logical inference, 
validation, new insights

EDI in models

Privacy preserving 

Tiny models

Alexis Li



We need to know what our 
models do (and what data 

bias, limits, issues… it 
may have)

UNDERSTAND
DATA USE

(and challenges)



Manual review and 
integration of lab reports 
into the OHCRN platform.

Pratham 
Hemlani

UNDERSTAND DATA USE: LLM-based data 
extraction

https://ohcrn.ca/

OHCRN Coordinator 
dashboard

https://ohcrn.ca/


The patient was admitted to 
the ICU one week after a 
positive COVID-19 result due to 
oxygen desaturation. Physical 
therapy was initiated promptly 
after admission, which helped 
improve the patient's 
breathing frequency and 
oxygen saturation.

Andres Melani 
de la Hoz

Benjamin 
Haibe-Kains

UNDERSTAND DATA USE: Extracting EHR 
data
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Using pre-defined ontology 
concepts, data models, 

data structures, data 
dictionaries, and data 

schemes

Complete scalable and 
modular toolkit to rapidly 

deploy

Common data schemas 
defined for encoding, 

decoding, and 
representation

Bridging research and 
clinical

Ongoing opportunities

Semantic Overture Curation Structural

KNOWLEDGE 
REPRESENTATION INFRASTRUCTURE VALIDATION AND 

ENRICHMENT EXCHANGE

Data models
Cohort summary 

representation
Metadata 

harmonization module
Graph-based validation 
Recommender engine

LLM for curation

LLM for EHR text-
mining and 

Phenopackets



Summary highlights

Careers are not linear; change brings opportunity
Global challenges need global solutions
Making sense of the data is critical
Open-source toolbox to ease and increase reuse
TRUE data to support AI
Much more to do!



“…it would have been rather a pity if 
Darwin had stopped thinking after he 

had described the shapes and sizes of 
finch beaks…”

Nature 597, 305 (2021)

Biology must generate ideas as well as data
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