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All is right with the world, so we can discuss 
more trivial matters like AI/ML



The Best of Times, the Worst of Times

• Poor transition of basic or clinical observations into 
interventions that tangibly improve human health

• Intervention development failure-prone, inefficient 
and costly

• Poor adoption of demonstrably useful interventions

Fundamental science has seen unprecedented advances, 

but treatments have not

Enormous opportunity/need to deliver

on the promise of science for patients
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Moore’s Law

Source: Wikipedia



The number of new drugs approved by the FDA per billion US 

dollars (inflation-adjusted) spent on research and development 

(R&D) has halved roughly every 9 years since 1950. 

Scannell et al., Nature Reviews Drug Discovery 11:191, 2012   

Eroom’s Law



So…

How can AI/ML improve these efficiencies?



NCATS Mission

To catalyze the generation of innovative methods and technologies

that will enhance the development, testing and implementation of 

diagnostics and therapeutics across human diseases and 

conditions.



What is Translation?

Translational Research endeavors to traverse a particular step of 

translation for a particular target or disease. 

Translation is the process of turning observations

in the laboratory, clinic, and community into interventions 

that improve the health of individuals and the public

—from diagnostics and therapeutics to medical 

procedures and behavioral changes.



What is Translational Science?

Translational Science is the field of investigation 

focused on understanding the scientific and 

operational principles underlying each

step of the translational process.



Major rate-limiting translational problems that are the 
focus of NCATS

• Understanding of translation

• Translational Science as a new 
academic discipline

• Predictive toxicology

• Predictive efficacy

• De-risking undruggable
targets/untreatable diseases

• Data interoperability

• Biomarker qualification 
process

• Clinical trial networks 

• Patient recruitment

• Electronic Health Records for 
research

• Harmonized IRBs

• Clinical diagnostic criteria

• Clinical outcome criteria (e.g., 
PROs)

• Adaptive clinical trial designs

• Shortening time of intervention 
adoption

• Adherence

• Methods to better measure 
impact on health
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AOURP Progress

Eric Dishman

Director, All of Us Research Program

eric.dishman@nih.gov

AllofUs.nih.gov, JoinAllofUs.org, Researchallofus.org #JoinAllofUs



⦿ 344k+ individuals have started the enrollment 
process in some way

⦿ 222k+ participants have completed the initial 
core protocol (“core participants”)

⦿ About 3400 core participants per week now

⦿ 370+ enrollment sites around the country
• 115+ of them opened in 2019
• ~100 more planned sites in 2020 + DV launch

⦿ 2 mobile exhibits traveling the country, 
especially to underserved areas

• 600 days on the road since their launch
• Engaged 55k+ people

⦿ Very powerful network of 50+ community 
partners building awareness & trust

Recruitment & Enrollment Progress (as of 11/6/19)

Anticipate ramping up to an enrollment rate of 4,000+ participants/week in 2020 and expect to 

reach 1M total participants some time in 2023

Past and projected growth of cohort



Vision for Genomics and Return of Genomic Results in All of Us

15

Goal: Create the world’s largest and most comprehensive precision medicine 

research platform, including genotypes and whole genome sequences on 1 million or 

more core participants, through a strategy that balances the need for responsible 

return of genomic information to participants with the scientific need for highest 

quality genomic results to advance precision medicine.

Major steps to reach this goal:

• Short-term (2018-2019): 

• Develop a scalable, feasible roadmap for genomic data production

• Deploy and integrate Genome Centers and the Genetic Counseling Resource 

• Mid-term (2020-2021): 

• Introduce responsible return of value to participants, including non-medical 

results (ancestry, simple traits)

• Pilot responsible return of medically actionable genomic results (ACMG 

pathogenic; potentially pharmacogenomics)

• Evaluate performance of Genomics Platform and improve

• Long-term (2021 and beyond): 

• Introduce return of additional medically-actionable results (e.g., polygenic risk 

score)

• Shift to new technologies that enable new science (long read, and beyond)



NCATS Division of Clinical Innovation
Clinical and Translational Science Awards (CTSA) Program

➢ Collaboratively facilitates and accelerates translational projects 
locally/regionally/nationally

➢ Scientific and operational innovation to improve the efficiency and 
effectiveness of clinical translational research

➢ Creates, provides, and dissmeminates domain-specific translational 
science training

➢ Fosters creation of an academic discipline of translational science
Mike Kurilla, M.D., Ph.D.

Director
michael.kurilla@nih.gov

Rebecca D. Jackson, M.D.

Director

OSU Center for Clinical 

and Translational Science

mailto:michael.kurilla@nih.gov


The NCATS Trial Innovation Network



The NCATS Accrual to Clinical Trials (ACT) Network





NCATS SBIR awardee focused on AI-driven 
improvements in medication adherence

• Artificial intelligence smartphone application uses the patient’s 
smartphone camera and a software algorithm to confirm the 
identities of the patient and the medication and verify they are 
taking the right medication at the right time.

• In a recent study, there was a 50 percent improvement in 
patient adherence in patients taking anticoagulation therapy to 
help prevent blood clots (Stroke 2016)
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“The NIH support has enabled our company to 
attract and leverage an additional $12.25 million in 
financing from venture capital investors.”

– Adam Hanina, M.B.A.
Co-founder and CEO
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• Workshop July 12, 2019
• Co-hosted by NCATS, the National Institute of Biomedical Imaging and Bioengineering (NIBIB), 

and the National Cancer Institute (NCI)

• Goal:
• Gather perspectives on and explore the issues associated with translating Machine 

Intelligence (MI) for applications in healthcare 

• Issues addressed:
• Potential of MI in improving patient health care and outcomes
• Barriers associated with the development and use of MI in clinical environments
• Key issues and challenges within the primary topic areas – trustworthiness, explainability, 

usability, transparency, and fairness – and potential approaches to address them

• Follow-up:
• Workshop webpage with presentations, speaker bios, and Executive Summary 
• Whitepaper publication in development with workshop Co-Chairs; expected early 2020

21

https://ncats.nih.gov/expertise/machine-intelligence#workshop


Pressing Issues Identified by the MI Workshop
The need to…

1. Integrate monitoring over time & create a feedback loop 
• To appropriately update MI systems based on clinical developments & standard of care and 

promote continual monitoring of the system

2. Fund research that advances the science of healthcare
• Including implementation

3. Promote inter-disciplinary/-sector collaboration

4. Utilize clear explanations and justifications of MI systems 
• To build trust over time and improve uptake of these systems in healthcare

5. Promote incorporation of SDoH and health outcomes

6. Emphasize transparent MI frameworks
• To mitigate bias perpetuation and assist in interpreting internal MI system decisions



Rare Diseases Are Public Health Issue

➢
~7000 diseases

• ~80% genetic

• ~50% onset in childhood

• ~250 new rare diseases identified every year

➢ Individually rare, cumulatively common

• Definition varies by country: US <200,000; Japan <50,000; EU <1/2,000

• Total prevalence ~8% (US ~25 million)

➢ High costs in direct patient care, loss of productivity

➢ Accurate diagnosis often requires 5-15 yrs

➢ Only 5% of rare diseases have a regulatorily approved treatment

• 2000 years before treatments for all rare diseases on current trajectory

➢ Solution:  transition from “one disease at a time” to “many diseases at a time” approach
➢ Commonalities among diseases

➢ Platform technologies for diagnosis and treatment  



NCATS “Many Diseases at a Time” Research Programs

Developing Interoperable Registries Natural History and Interventional Studies

Empowering Patients as Research PartnersProviding Information and “Big Data”
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▪ Discovery of new probes for understudied protein targets

▪ Development of novel computational approaches to advance drug 

development processes

▪ Application of new techniques in computer-aided design to deliver 

compounds with desired property profiles

Use of AI in early translation



NCATS SBIR awardee focused on new AI-driven drug 
screening technologies

• NCATS Direct to Phase 2 SBIR grant provided support to model 2,000 
genetic diseases in multiple human cell types. This approach will enable 
exploration of treatments for hundreds of diseases in a short period of 
time.

• Since the NCATS SBIR Award, Recursion has attracted more than $100 
million in investments and strategic partnerships with Sanofi and Takeda

• Launched their first clinical program

• Recursion staff has grown to over 100 employees

27

“The SBIR award helped legitimize our project in the 

eyes of both investors and the pharmaceutical 

industry and thus was instrumental in getting the 

company off the ground.”

– Christopher Gibson, Ph.D.

Co-founder and CEO



Defining biologically active chemical space:

A key translational challenge

• 95% of human diseases have no regulatorily approved treatment

• 90% of biological space (“targets”) is currently undrugged

• Vast chemical space: 1060 potential “drug-like” small molecules
» Only 107 of these have been made in the entire history of synthetic chemistry

• Current approach to exploring chemical space is inefficient

Mullard A. Nature, 2017 Sep 26; 549 (7673): 445-447.
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ChemNavigator (iResearch Library): >60 million (unique structures)

Is that enough?

Chemical space has been estimated to be 

>1060 molecules1 (for 30 or fewer heavy 

atoms).

There are many molecules that are never 

looked at.

1 Bohacek, R., McMartin, C. & Guida, W. Med. Res. Rev. 16, 3–50 (1996).

“Did You Lose the Keys Here?”

“No, But the Light Is Much Better Here”

Choosing from chemical space: a near-infinite number of potential 

molecules

Not in screening 
databases

Many steps and very 
costly 

Potentially unsafe

Syntheses often 
unsuccessful

$$$$

∉

Problems of de novo design
Many physical screening collections contain <1M compounds
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Better usage of available chemical biological data
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ChEMBL dataNCATS Tox21 data

High quality data: each compounds measured 3 times, 50 concentrations. Huge target coverage: ~4000 human proteins
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Machine Learning approachesMolecular Representation
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https://predictor.ncats.io/

▪ Predict 1121 biological activities

▪ Supports SMILES, drug name, images

▪ Allows to send the batch of compounds

▪ Show up neighbor activity and structure
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“ASPIRE aims to address two 

challenges of the current era in 

biomedical research: to harness 

new technologies to accelerate 

understanding of living systems 

and to fulfill the promise of 

science to improve the lives of 

the many patients with 

untreatable or poorly treatable 

diseases.”

ASPIRE
A Specialized Platform for 

Innovative Research Exploration 



ASPIRE Work Flow

Sittampalam et al., NRDD 2019



Chemistry-Focused Drug Discovery Workflow



AI/ML-driven high-throughput biological 
screening assay optimization

• Collaboration with Kebotix
• Startup Company in Boston that has combined AI with robotics to 

discover and create advanced chemicals and materials

• Utilize AI/ML to perform Design of Experiment (DOE) 
automatically for biological assays

• Opportunity to develop, test and implement automated 
biological test platform with direct interface to informatics 
platform(s)

• AI/ML output compared to ‘brute force’ method testing all 
variable combinations of assay conditions
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1.

{

"Command":"Launch Auto",

"UUID":"179051",

"Parameters":[

[

"Dispense",

"Enzyme",

"8"

],

[

"Dispense",

"Substrate",

"8"

],

[

"Incubate",

"Time",

"2"

]

]

}

1

Send Message

KEBOTIX enqueues a 

message to run an Assay 

with specified conditions
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KEBOTIX enqueues a 

message to run an Assay 

with specified conditions

Receive 

Message

The Screening 

System 

receives the 

message and 

creates a 

protocol to be 

run with the 

specified 

conditions 

Launch Assay

An Assay is launched using 

the protocol that was 

programmatically generated

Plate Read
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4.
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Crossing the chasm of semantic despair

Figure courtesy of Julie McMurry & Chris Chute

The NCATS Biomedical Data Translator Program



Translator Vision

Accelerate biomedical innovation by developing a 

biomedical “data translator” for the research community

• computationally-assisted exploration of knowledge

• construction of new research hypotheses

Produce tools that augment human reasoning and provide inference 

for understanding the pathophysiology of human disease.



Sep ’16 Oct ‘16 Nov ’16 Jan ‘17 May ‘17 Sep ’17 Oct ’17 Jan ’18 May ’18 Sep ’18 Dec ’18 Mar ’19

Notice of 

Awards Issued

First 

Face-to-Face 

Meeting

NCATS

Funds 

Released

Blackboard/

Architecture 

Meeting

LBNL

Adapt Knowledge 

Sources to Interact 

with Blackboard 

NCATS

Reasoning Tool 

FOA Released

Open Meeting/

Hackathon

UNC
Hackathon

OHSU

Reasoning Tool 

Initial Awards issued

Hackathon

NCATS

Hackathon

UCSD

CAN Review 

Board Meeting

Hackathon

UNC

Rapid and flexible team-based development

Sep ’19

Open Meeting/

Hackathon

ISB, Seattle





Translator program products

Emerging knowledge graph standards

• https://github.com/NCATS-Tangerine/kgx

API access to biomedical knowledge graphs

• https://github.com/NCATS-Tangerine/NCATS-ReasonerStdAPI

• https://smart-api.info/registry?q=Translator

All source code on github

• https://github.com/search?q=NCATS+translator

Clin Transl Sci. 2019 Mar;12:85. doi: 10.1111/cts.125

Clin Transl Sci. 2019 Mar;12:86-90. doi: 10.1111/cts.12591

https://github.com/NCATS-Tangerine/kgx
https://github.com/NCATS-Tangerine/NCATS-ReasonerStdAPI
https://smart-api.info/registry?q=Translator
https://github.com/search?q=NCATS+translator


All involved emphasized the importance of the 

collaborative nature of the project,

“It’s basically like having a menu of great ideas 

from all the smartest people around the 

country”

https://tinyurl.com/y3pata2a

https://tinyurl.com/y3pata2a


Connect With NCATS

https://ncats.nih.gov/connect

Website: ncats.nih.gov

Facebook: facebook.com/ncats.nih.gov

Twitter: twitter.com/ncats_nih_gov

YouTube: youtube.com/user/ncatsmedia

E-Newsletter: https://ncats.nih.gov/enews

https://ncats.nih.gov/connect

