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 ~7000 diseases
• ~80% genetic
• ~60% 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
• ~400 diseases; at current rate 2000 years before treatments for all rare diseases

 Solution: transition from “one disease at a time” to “many diseases at a time” approach
 Commonalities among diseases
 Platform technologies for diagnosis and treatment

Changing the Narrative:
Rare Diseases Are a Public Health Issue
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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”



NCATS “Many Diseases at a Time” Research Programs

Partnering to Share KnowledgePartnering to Change Perceptions

2020

First Place 2018  
Nancy Netherland



NCATS Toolkit for  
Patient-Focused  

Therapy Development
• One-stop shop for tools and advice  

for advancing research programs
• Brings together resources from  

many organizations
• Developed with and for patient  

groups wanting to get started in the  
research process

https://rarediseases.info.nih.gov/toolkit

https://rarediseases.info.nih.gov/toolkit


NCATS RaDaR
(Rare Diseases  

Registry) Program
• Tools and advice for building  

patient registries
• Developed with and for patient  

groups wanting to get started in  
developing a registry and natural  
history study

https://registries.ncats.nih.gov/

https://registries.ncats.nih.gov/


Genetic and Rare  
Diseases Information  

Center (GARD)
• Since 2003 the preeminent source  

of patient-focused information on all  
rare diseases

• Includes web-based information and  
consultation phone line

• Now being completely redesigned  
with new IT and informatics  
capabilities

https://rarediseases.info.nih.gov/

https://rarediseases.info.nih.gov/


• Network of consortia grouped around >3 rare diseases
• Natural history, recruitment, intervention trials required
• Patient advocacy group inclusion required

DMCC: Cincinnati Children’s Hospital Medical Center
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NIH Partners:  
NCATS, NINDS, NICHD,

NHLBI, NIMH, NIDDK, NIDCR,  
NIAMS, NIAID, ODS

= new consortium in RDCRN4
= continuing consortium from RDCRN3



RDCRN Coalition of  
Patient Advocacy Groups  

(CPAG)
• Integral part of RDCRN
• Information and strategy sharing among  

the >300 patient advocacy groups that  
are part of the RDCRN consortia

https://www.rarediseasesnetwork.org/pags

https://www.rarediseasesnetwork.org/pags


https://pave-gt.ncats.nih.gov/

https://pave-gt.ncats.nih.gov/


https://pave-gt.ncats.nih.gov/

https://pave-gt.ncats.nih.gov/


Patient membership on the research  
team is a “disruptive technology” for  

rare disease therapy development



NCATS Therapeutic Development Branch:
Lead candidate to Investigational New Drug (IND) filing with FDA

- IND clearance required to initiate clinical trials

- IND-enabling studies typically take 2-5 years and cost average of $4M+

- Few funding mechanisms in this area

- Commercial investment scarce because of high failure rates

- Helping cross the drug development "Valley of Death" is TDB’s raison d'etre
Don Lo, Director

https://ncats.nih.gov/staff/lodc

https://ncats.nih.gov/trnd

https://ncats.nih.gov/staff/lodc
https://ncats.nih.gov/trnd


Tissues-on-Chips
(a.k.a., “microphysiological systems”)  
in vitro mimics of human organ  
function

Scaffold

Cells

Structure

Spatial and

Perfusion

Bioreactor

Innervation

Host Response

Functional Readout

Computational  
Design

• Microfluidic cell culture  
devices

• Created with microchip  
manufacturing methods

• Contains continuously
Temporal Patterning perfused chambers

• Seeded by human-
derived cells

• Cytoarchitecture  
mimics tissue- and  
organ-level physiology

• High-resolution,
real-time imaging and  
in vitro analysis of  
biochemical, genetic  
and metabolic activities



Using tissue chips to model diseases and drug efficacy

NCATS, NHLBI, NIAMS, NIBIB, NICHD, NIDCR, NIDDK, NIEHS, NINDS, ORWH

Joseph Vincent Bonventre, Luke Lee,  
Brigham and Women’s
Polycystic kidney disease, Focal  
segmental glomerulosclerosis

Barth syndrome, Catecholaminergic polymorphic
ventricular tachycardia, Arrhythmogenic  
cardiomyopathy

Teresa Woodruff, Northwestern U
Polycystic ovarian syndrome

Steven George, David Curiel, Stacey Rentschler,  
UC Davis and WashU Atrial fibrillation

Christopher Hughes, UC Irvine
Hereditary hemorrhagic telangiectasia,  
Port Wine stain, Sturge-Weber syndrome

Rocky Tuan, U Pittsburgh  
Osteoarthritis, inflammatory arthritis,  
adipose-mediated diabetic joint  
complications

Kam Leong, Columbia U
Proteus Syndrome and DiGeorge Syndrome

Clive Svendsen, Cedars-Sinai
ALS; Parkinson’s Disease

Aaron Bowman, Kevin Ess, John Wikswo,  
Vanderbilt U
Tuberous sclerosis complex (TSC) epilepsy,  
DEPDC5-associated epilepsy, & associated  
cardiac dysfunction

Gordana Vunjak-Novakovic, Columbia U  
Dox induced cardiomyopathy; multi-
system pathologies involving heart,  
liver, skin, bone and vasculature
Donald Ingber, Harvard U
influenza infection, COPD

Jonathan Himmelfarb, U Washington  
Apolipoprotein L1 mediated kidney  
disease, drug induced and host-
pathogen interaction induced renal  
thrombotic microangiopathies

Danielle Benoit, Lisa Delouise, Catherine Ovitt, U Rochester  
Radiation-induced xerostomia

Kevin Kit Parker, William Pu, Harvard U

George Truskey, Duke U
Rheumatoid arthritis, atherosclerosis

Type-2 Diabetes Mellitus
• Andreas Stahl, Kevin Healy, Matthias Hebrok, Edward Hsiao, Holger  

Willenbring, UC Berkeley - Pancreatic islet, liver, adipose
• Lansing Taylor, U Pittsburgh – Vascularized liver and pancreatic islets
• James Wells, Moo-Yeal Lee, Cincinnati Children’s Hospital - Liver, pancreatic  

islet and intestine



• Problem: many stakeholders unaware of complexity of developing  
therapeutic interventions; systems engineers lack common  
framework for improvements

• Solution: create an accurate portrayal of the translational process  
to educate stakeholders and identify opportunities for innovation

• NASEM Forum on Drug Discovery, Development and Translation  
developed initial map

• Development continuing to incorporate “GoogleMaps-like” features  
(“traffic”, “GPS”, programs to assist)

• Freely-available at https://ncats.nih.gov/translation/maps

Advancing understanding of translation:
The Drug Discovery, Development and Deployment Map

Nat Rev Drug Discov (2018);17:150

Clin Transl Sci (2018); 11:166

https://ncats.nih.gov/translation/maps


Drug Discovery, Development and  
Deployment Map

Nature Reviews Drug Discovery 15:150, 2018

https://ncats.nih.gov/translation/maps

https://ncats.nih.gov/translation/maps


The Translational Science Spectrum

Presenter
Presentation Notes
Presenter
2020-11-09 13:54:25
--------------------------------------------
The spectrum is not linear or  unidirectional; each stage builds upon and  informs the others. At all stages  of the spectrum, NCATS  develops new approaches,  demonstrates their usefulness,  and disseminates the findings.  Patient involvement is a critical  feature of all stages in  translation. Basic Research
Basic research involves scientific  exploration that can reveal fundamental  mechanisms of biology, disease  or behavior. Every stage of the  translational research spectrum  builds upon and informs basic  research, which is conducted at  many Institutes and Centers  across NIH. NCATS scientists  typically do not conduct basic  research. However, insights  gained from the Center’s studies  along the translational spectrum  can inform basic research.  Pre-Clinical Research
Pre-clinical research connects basic  science and human medicine.  During this stage, scientists  apply fundamental discoveries  made in the laboratory or the  clinic to further understand the  basis of a disease or disorder  and find ways to treat it.  Hypothesis testing is carried out  using cell or animal models;  samples of human or animal  tissues; or computer-assisted  simulations of drug, device or  diagnostic interactions within  living systems. Clinical Research
Clinical research includes clinical  trials with human subjects to test  intervention safety and  effectiveness, behavioral and  observational studies, outcomes  and health services research,  and the testing and refinement of  new technologies. The goal of  many clinical trials is to obtain  regulatory approval for an  intervention. Clinical  Implementation
The clinical implementation stage  of translation involves the adoption  of interventions into routine  clinical care for the general  population. This stage also  includes implementation  research to evaluate clinical trial  results and identify new clinical  questions and gaps in care.  Public Health
In this stage of translation, researchers  study health outcomes at the  population level to determine the  effects of diseases and efforts to  prevent, diagnose and treat  them. Findings help guide  scientists working to improve  interventions or develop new  ones.



@ncats_nih_gov @ncats.nih.govncats.nih.gov NIH-NCATS
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