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Rare diseases capture human stories:
Fears, tragedies, hopes, resilience

NCATS Flickr: https://www.flickr.com/photos/64860478@N05 

https://ncats.nih.gov/news-events/events/rdd 

https://www.flickr.com/photos/64860478@N05
https://ncats.nih.gov/news-events/events/rdd


Who I think of when I hear rare diseases?

• Patients and Families 
• Advocates
• Community Leaders
• Health Care Providers
• Researchers

APAICS Flickr: https://www.flickr.com/photos/apaics/53188707677/in/album-72177720311232854/ 

https://www.flickr.com/photos/apaics/53188707677/in/album-72177720311232854/


The Public Health Challenge

10,000
Diseases

5% Have 
Treatments
or Cures

and only

Time from early 
development to the 
medicine cabinet takes 
10-15 years.

9 10out of

Promising therapeutic candidates 
that enter clinical trials fail.



What are Rare Diseases?

US
<200,000

EU
<1 in 2,000

S. Korea
<20,000

Japan
<50,000

Australia
<1 in 20,000

Absolute Prevalence

Prevalence Rates

Nguengang Wakap, S., Lambert, D.M., Olry, A. et al. Estimating cumulative point prevalence of rare diseases: analysis of the Orphanet database. Eur J Hum Genet 28, 165–173 
(2020). Haendel M, Vasilevsky N, Unni D, Bologa C, Harris N, Rehm H, Hamosh A, Baynam G, Groza T, McMurry J, Dawkins H, Rath A, Thaxon C, Bocci G, Joachimiak MP, Köhler S, 
Robinson PN, et al. How many rare diseases are there? Nat Rev Drug Discov. 2020 Feb;19(2):77-78. doi: 10.1038/d41573-019-00180-y. PMID: 32020066; PMCID: PMC7771654.

In the US, the Orphan Drug Act was passed by 
Congress in 1983 to incentivize the development of 
drugs to treat rare diseases and defined a rare 
disease as a disease or condition that affects 
less than 200,000 people in the United States. 

Over 10,000+ unique rare disease 
concepts have been identified

“Rare” is a Legislative Definition



What Diseases are Rare?

Dawkins HJS, Draghia-Akli R, Lasko P, et al. Progress in Rare Diseases Research 2010-2016: An IRDiRC Perspective. Clin Transl Sci. 2018;11(1):11-20. doi:10.1111/cts.12501

Rare diseases are heterogenous 
• ~80% have a Genetic origin
• 45% are primarily Neurologic
• 12% lead to Developmental Defects 
• 7% involve Cancers
• 7% affect the Eye 



The majority of rare diseases have an extremely small population
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Nguengang Wakap, S., Lambert, D.M., Olry, A. et al. Estimating cumulative point prevalence of rare diseases: analysis of the Orphanet database.
Eur J Hum Genet 28, 165–173 (2020). https://doi.org/10.1038/s41431-019-0508-0

Need for scalable solutions
in rare diseases research



Elsalti A, Darkhabani M, Alrifaai MA, Mahroum N. Celebrities and Medical Awareness-The Case of Celine Dion and Stiff-Person Syndrome. Int J Environ Res 
Public Health. 2023 Jan 20;20(3):1936. doi: 10.3390/ijerph20031936. PMID: 36767301; PMCID: PMC9914970.

Individually Rare, Collectively Common



Individually Rare, Collectively Common

FDA Flickr: https://www.flickr.com/photos/fdaphotos/8516116474 
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NCATS’ VISION

More treatments for all people 
more quickly



Diseases of Known Molecular Basis with Treatments
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Cell lines Animal 
models

Molecular pathway

A. Basic science research & target identification

Medicinal 
chemistry

In vitro functional 
& safety screening

Non-GMP supply 
& early CMC

In silico modeling

In vitro/ in vivo pharmacology

Early cGMP manufacturing

Toxicology

Sustained product availability

Safety

Predicted therapeutic dose/exposure

Effectiveness and POC

Late CMC (e.g., formulation)

Long-term toxicology; reproductive toxicology; 
carcinogenesis; etc.

Investigative
 in vitro/in vivo safety & toxicology

Pharmacokinetics

Reporting, meetings, amendments

Complete Response  Letter (Rejection) Marketing Approval

New  indication/ repurposing

Off label use

Insurance coverage & reimbursement

Incorporation into clinical practice

Pragmatic safety & 
effectiveness trialsSpontaneous reporting

Researcher/ investigator Biospecimens Registries/EMRs

Outcomes, rates and severity measures

Therapeutic and clinical endpoints

Qualified investigators and study staff

IRB approval

Recruitment

Informed consent

safety, efficacy

Participant or health subject 
enrollment

Identification of target population

Population-specific & events from 
existing therapy

Translational pharmacology

Pharmaco-
epidemiological observational 

studies

H. Medical landscape

Standard of care

Access to therapies

G. Postmarketing

Patient needs

Regulatory compliance strategy

IND (F)

Biomedical informatics Therapeutic targets

Genotypes Phenotypes

Clinical program 
& trial design

Process chemistry
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informatics
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target engagement
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Qualification

Companion diagnostics Surrogate 
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Studies (E)

Postmarketing 
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Lead optimization (D)
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Assay Development (C)
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Assay Development

Pharmacology

Candidate compounds

Non-GLP studies

Unapproved compounds (NCE/NME) 

IND

Biomarker dev’t program (B)

FDA review

FDA review

FDA review

Post-marketing knowledge

Postapproval Data Collection

Clinical trial planning  & preparation

Clinical trial data

Preapproval clinical trials

IND (F)

Reevaluate or discontinue

Clinical Cohorts

Clinical trial planning  & 
preparation

Study sponsor

Contractual & legal agreements

Clinical Cohorts

GLP preclinical studies

Pricing

HTS System

D. Lead optimization, candidate selection, 
IND-enabling studies, scale-up for 

manufacturing

Biomarker dev’t program

Natural History & Epi. Studies
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Patient Perspective

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



Gap between research and clinical care

Tambuyzer, E., Vandendriessche, B., Austin, 
C.P. et al. Therapies for rare diseases: 
therapeutic modalities, progress and challenges 
ahead. Nat Rev Drug Discov 19, 93–111 (2020). 
https://doi.org/10.1038/s41573-019-0049-9



Gap between research and clinical care

Pharmaceutical Research and Manufacturers of America, Drug Discovery and Development: Understanding the R&D Process, www.innovation.org
DiMasi, JA and Grabowski, HG (2007), The Cost of Biopharmaceutical R&D: Is Biotech Different?, Managerial and Decision Economics 28 : 469-479

Drug Discovery Preclinical
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Clinical Trials Regulatory  
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This a Translational Science Problem



ABOUT NCATS

We tackle ongoing challenges
in translational research so that 

new treatments reach people faster



Re-engineering the Translational Pipeline
NCATS addresses long-standing bottlenecks in the translational research pipeline so that 
new treatments reach people faster.

Bottlenecks in rare diseases: 
 Traditional “One size fits all” approach to 

research may be limiting in rare diseases
 Small patient populations lead to inadequate 

business interest for investment in R&D 
 Shortage of researchers leads to gaps in 

current research understanding 

Solutions:
 Cannot solve this 1 disease at a time
 Need for platform-based approaches to 

accelerate R&D for groups of rare diseases
 Repurpose existing drugs and therapeutics
 Leverage Team Science thinking 



NCATS Has a Home for Rare Diseases
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NCATS Has a Home for Rare Diseases



Key NCATS Approaches

Understanding 
what’s similar 

across diseases to 
spur multiple 

treatments at a 
time

Developing models 
that better predict a 
person’s reaction to 

a treatment

Enhancing clinical 
trials so the results 

more accurately 
reflect the patient 

population

Leveraging real-
world data and data 
science approaches 

to address public 
health needs



Example: Jansen’s Metaphyseal Chondrodysplasia (JMC)
Lead Investigators: Thomas Gardella, PhD and Harald Jueppner, MD, Massachusetts General Hospital

 Extremely Rare ~ 25 cases known​
 Disease of bone development 
 Caused by genetic mutations in PTH receptor type 1 (PTHR1)
 No effective treatment options

21

Clinical 
Researchers

Clinical SiteGovernment

Patients

Jansen’s Disease Foundation
• Connect key partners
• Engage patient community in 

clinical research

NCATS Preclinical Support
• Provide drug development 

expertise and coordination
• Enable transition from 

preclinical to clinical

MGH Clinical Researchers
• Provide scientific and disease 

expertise
• Care for patients

NIH Clinical Center
• Natural History Study
• Execute clinical trials

How do you do drug development for such a small patient population?

https://ncats.nih.gov/trnd/projects/active/jansens-metaphyseal-chondrodysplasia 

https://ncats.nih.gov/trnd/projects/active/jansens-metaphyseal-chondrodysplasia


Therapeutic Development Starts and Ends with Patients

Patient Advocates 
helped to initiate 
collaborations
• Clinicians
• Researchers
• Drug Developers

Participation in 
Natural History 
studies

Identification of 
potential 
therapeutic  
candidate

Initial testing in 
mouse models of 
disease

Manufacture & 
Formulation of 
Drug Candidate​

Toxicology studies

Regulatory IND 
support

Development of 
Clinical Assays

Natural History ​

Phase 1/2 ​trial

Potential benefit 
to children from 
drug leading to 
improved quality 
of lifeOutreach

Academic 
Research

Preclinical Drug 
Development

Clinical Planning
Treatment

22



Progression in rare diseases research requires 
engagement at all stages of research

Pharmaceutical collection of 
~ 3,000 FDA-approved compounds 
aids rapid development of new drugs 

for a variety of diseases 

243 active intramural 
research collaborations

356 patents issued to NCATS, 
including 88 U.S. patents 
and 268 foreign patents

National network of more than 
60 medical research 

institutions innovating clinical 
trials, training and more 

National network of research 
consortia advancing knowledge 
and treatments for more than 

200 rare diseases

48 investigational new drug (IND) 
applications, including 42 U.S. 

INDs and 6 foreign INDs

As of November 2022



Thompson JLP, Karaa A, Pham H, Yeske P, Krischer J, Xiao Y, Long Y, Kramer A, Dimmock D, Holbert A, Gorski C, Engelstad KM, Buchsbaum R, Rosales XQ, Hirano M. The 
evolution of the mitochondrial disease diagnostic odyssey. Orphanet J Rare Dis. 2023 Jun 22;18(1):157. doi: 10.1186/s13023-023-02754-x. PMID: 37349818; PMCID: 
PMC10288668. | Everylife Foundation. The National Economic Burden of Rare Disease Study - https://everylifefoundation.org/burden-study/ 

Time from first symptoms to diagnosis of mitochondrial diseaseTransition in mitochondrial disease diagnosis 
by specialty of diagnosing clinician

Aggregate results of diagnostic odyssey for many rare diseases

Patients face Common Obstacles

https://everylifefoundation.org/burden-study/


US Government Accountability Office, Report on Rare Diseases, Oct. 18, 2021: https://www.gao.gov/products/gao-22-104235 

https://www.gao.gov/products/gao-22-104235


Where do Patients seek Information?

Crowe AL, McKnight AJ and McAneney H (2019) Communication Needs for Individuals With Rare Diseases Within and Around the Healthcare System of Northern Ireland. Front. Public Health 7:236. doi: 10.3389/fpubh.2019.00236



Where do Caregivers seek Information?

National Alliance for Caregiving and Global Genes (2018), Rare Disease Caregiving in America Report 



Start with the Patient Journey

Retrieved from National Organization for Rare Diseases (NORD): https://rarediseases.org/new-patient-journey-infographic-gives-a-glimpse-into-the-diagnostic-odyssey/ 
Retrieved from Eurodis: https://www.eurordis.org/publication/diagnosisjourneyinfographic 

https://rarediseases.org/new-patient-journey-infographic-gives-a-glimpse-into-the-diagnostic-odyssey/
https://www.eurordis.org/publication/diagnosisjourneyinfographic


Finding Reliable Online Information

http://rarediseases.info.nih.gov 

http://rarediseases.info.nih.gov/


A complete reimagining of the GARD Website is in-development to 
scale the translation of complex disease ontology data into 
accessible and actionable information for patients and caregivers

Patients &
Caregivers

Data
Sources

Community
Resources

https://rarediseases.info.nih.gov 

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


Provide understandable information about rare diseases 
to patients, caregivers, and the general public

Public Health 
Website

Contact Center
(Phone & Email)

General 
Information

Individualized 
Support

Rare Disease Knowledge

Information for Patients

Rare Disease Information for Patients

Many diseases 
at a time
Diagnostic
odyssey

Can we bridge this divide?



Patients Internet 
Search 

Primary 
Care 

Provider
GARD

Introduction to a 
 Rare Disease

How to get a 
Diagnosis?

Where to find 
support?

Contact Center

Website

Retrieved from National Organization for Rare Diseases (NORD): https://rarediseases.org/new-patient-journey-infographic-gives-a-glimpse-into-the-diagnostic-odyssey/ 
Also referenced by Eurodis: https://www.eurordis.org/publication/diagnosisjourneyinfographic 

https://rarediseases.org/new-patient-journey-infographic-gives-a-glimpse-into-the-diagnostic-odyssey/
https://www.eurordis.org/publication/diagnosisjourneyinfographic


Translational Science Aim #1

Hier DB, Yelugam R, Carrithers MD, Wunsch DC 3rd. The visualization of Orphadata neurology phenotypes. Front Digit Health. 2023 Jan 27;5:1064936. doi: 
10.3389/fdgth.2023.1064936. PMID: 36778102; PMCID: PMC9911440.

…to reach PatientsLeverage existing Research Information



Translational Science Aim #2

…to reach PatientsLeverage existing Research Information

Can we apply scalable practices to information science
…to advance our understanding for all Rare Diseases?

““

Hier DB, Yelugam R, Carrithers MD, Wunsch DC 3rd. The visualization of Orphadata neurology phenotypes. Front Digit Health. 2023 Jan 27;5:1064936. doi: 
10.3389/fdgth.2023.1064936. PMID: 36778102; PMCID: PMC9911440.

““

x10,000+



Health Literacy: Fit to patient/caregivers’ perspectives & needs



User Experience (UX): Tailor delivery of information to our audience

Launched a new GARD website not as a final product, 
but as a starting point to establish a dialogue with users 



UX Research

How are 
patients and 
caregivers 

searching for 
a Rare 

Disease?



NCATS Resources for Rare Disease Patients, 
Caregiver, and Patient Advocates 

Who: Patients/Caregivers/Public
What: Public Health Information
        Contact Center
        - Individualized Support 
        Health Information Website
        - General Information about 
Rare Diseases and finding support 

Website Live & In-Development
- Focuses on providing access to 
information for patients/caregivers 
and to develop via user experience

RareDiseases.info.nih.gov

Who: Patient Groups
What: Research & Development

        Educational Website
         - Educational information, 
resources, and best practices for 
collaborating with researchers, 
industry, and regulators on Therapy 
Development

Who: Patient Groups & Scientists
What: Patient Registries 

        Educational Website
         - Stepwise educational 
information, resources, and best 
practices for starting a Registry and 
best practices around registry data 
governance and stewardship

Toolkit.ncats.nih.gov Registries.ncats.nih.gov

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


As journalists, you will give voice to the stories of 
rare diseases patients & their families 

NCATS Flickr: https://www.flickr.com/photos/64860478@N05 

https://ncats.nih.gov/news-events/events/rdd 

https://www.flickr.com/photos/64860478@N05
https://ncats.nih.gov/news-events/events/rdd


Thank You!
Learn More Today
About Rare Diseases at rarediseases.info.nih.gov 

Visit us at ncats.nih.gov

Work with us ncats.nih.gov/workwithus

Follow Us:

NIH-NCATS

NCATSMedia

#NCATS

@ncats_nih_gov

@ncats.nih.gov

@ncats.nih.gov

My Contact Information: eric.sid@nih.gov 

https://ncats.nih.gov/
https://ncats.nih.gov/workwithus
mailto:eric.sid@nih.gov
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