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Changing the Narrative:
Rare Diseases Are a Public Health Issue

» ~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
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NCATS “Many Diseases at a Time” Research Programs

Providing Information and “Big Data”

National Center )
S Genetic and Rare Diseases
RID):=. . |GARD e . 1-888-205-2311

GARD Information Specialists can provide you with current, reliable, and
easy to understand information about rare or genetic diseases in English or
Spanish.

Browse Diseases Ato Z

Find Advocacy Organizations
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Find Tools To Speed Research
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Search for Diseases, Organizations, News and More...

About GARD

The Genetic and Rare Diseases Information Center (GARD) is a program of the National Center for Advancing Translational Sciences (NCATS) and is funded by
two parts of the National Institutes of Health (NIH): NCATS and the National Human Genome Research Institute (NHGRI). GARD provides the public with access
to current, reliable, and easy-to-understand information about rare or genetic diseases in English or Spanish

Empowering Patients as Research Partners
B s [ Toolkit fesmizss, F

Translational Sciances

Rare Diseases Research

Welcome! This Toolkit was developed 1o provide your patient group with the tools needed to advance medical research. Our goal is 1o ensure that
patients are engaged as essential partners from beginning 1o end of the research and development process. This is a fiving site where you will find
tools being developed for and by patient groups in concert with their academic, government, industry and advocacy pariners. Read mare about why
NCATS developed this Toolkit.

Developing Interoperable Registries
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About the Rare Diseases Registry Program

About the RaDaR Program

The Rare Diseases Registry (RaDaR) Program, formerly known as the Global Rare Diseases Registry Data Repository (GRDR) program, aims to provide easily
accessible advice for constructing and maintaining good-quality rare disease patient registries to enable therapeutics development

The RaDaR website is under construction. Please sign up below or check back for new information as the site is updated
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NCATS “Many Diseases at a Time” Research Programs

Partnering to Change Perceptions

= Challenge.gov Challenges  About  Agency Toolkit — Contact

NCATS Rare Diseases Are Not Rare! Challenge

Share innovative ways to communicate to educate people about rare diseases through social media or art

First Place 2020

RARE DISEASES —
ARE NOT RARE

.

MORE PEOPLE
KNOW AOUT
THAN
RARE DISEASES

30% OF THOSE
AFFECTED ARE
CHILDREN

First Place 2018
Nancy Netherland

Partnering to Share Knowledge

Rare Disease Day at NIH 2020

’ RARE DISEASE DAY at NIH
- February 28, 2020 | #ADONIH

Matcher Conference Center » Bethesda, MD

<¢ B s et

NCATS, FDA Co-Host Workshop on Gene Therapy
for Rare Diseases
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Working Together To Advance

Rare Diseases Research | "'W R _ A Thera py DeVQIOpment

The National Center for Advancing Translational Sciences (NCATS) Toolkit for Patient-Focused Therapy Development provides ° One-stop Shop for tOOIS and adV'ce

information and resources to help patient groups support the process of developing a treatment or cure for their disease(s). The goal is

to ensure that patient groups are engaged as essential partners from the beginning to the end of the therapy research and development for advanCi ng resea rCh prog ra mS
(R&D) process, whether the therapeutic approach is a drug, biologic, or medical device. B . t th f
°
The information in NCATS Toolkit highlights tips and strategies from the collected resources and from presentations by representatives rl ngS Oge er resou rceS rom
of patient groups, academia, government, and industry at conferences and public meetings, as well as informal conversations with i 1
these same stakeholders. many Organ IZatIOnS

This is a living site. New resources and information will be added as they are developed for and by patient groups in concert with their * Developed Wlth and for patlent
academic, government, industry, and advocacy partners. You are encouraged to share any helpful resources, tips, or strategies for

possible addition to NCATS Toolkit through the Contact Page . g rou pS Wa nti ng to get Sta rted i n the
research process

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

The information and resources in this section can help you learn about how therapies (drugs, biologics,
and medical devices) are developed, why it is important for patients to engage throughout the process,

and how to build relationships with key partners.

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

Home Ge! Set Up Your Registry Manage Your Registry About RaDaR

There Is Power in Numbers

Each person's story matters. Registries turn each patient's experience into quality data that can
lead to new discoveries and research advances.

NCATS RaDaR
Rare Diseases Registry Program (RaDaR) Helps You: .(‘Bare DiSGﬁSeS
Registry) Program

Get Started Set Up Your Registry Manage Your Registry
Learn about the different types of Create your registry plan and incorporate Get tools and resources to recruit
registries and the major milestones for data standards and best practices when participants, maintain quality data, and

« Tools and advice for building
patient registries
« Developed with and for patient
groups wanting to get started in
N - N S developing a registry and natural
i ek o e 8 1 i KISR0 Yok sk ke e o PR g e A R history study

rare disease. One difficulty of learning more about rare diseases is the challenge of finding enough people eligible to participate in

Registries Connect Patient Communities with Researchers

research studies, The more participants in a study, the more powerful the results. Every person matters!

When you create a rare disease registry, you bring together the entire community, which includes patients, caregivers, clinicians,

researchers, and industry. Understanding the varied needs of all members of the rare disease community is important so you can htt . // - t - t . h /
create a registry that patients and caregivers want to join, and clinicians, researchers, and industry want to use pS- reC“S rleS . nca S. nl .qov

RaDaR provides step-by-step guidance and tools
for building registries based on good data
practices.

The Rare Diseazes Eggigg_l}_' Program (RaDaR) website was created to provide
advice on setting up and maintaining good-quality registries for rare diseases
to stimulate research. RaDaR enables collaborative sharing of information and
tools to promote data standardization and integration from the earliest stages
of registry development.
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https://registries.ncats.nih.gov/
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GARD Information Specialists can provide you with current, reliable, and
easy to undarstand information about rare or penetic diseases in English or Browse Diseases
View diseases by alphabetical order

iii Find Support
Search for advocacy organizations

Search GARD Glossary
S Learn about medical and genetics
terms

000

! Search for Diseases, Organizations, News and More... GO

About GARD

The Genetic and Rare Diseases Information Center (GARD) is a program of the National Center for Advancing Translational Sciences
(NCATS) and is funded by two parts of the National Institutes of Health (MIH): NCATS and the National Human Genome Research Institute
(NHGRI). GARD provides the public with access to current, reliable, and easy-to-understand information about rare or genetic diseases in
English or Spanish.

Read more about GARD.

Find Out How GARD Information Specialists Can Help You

Patients, Families and Friends Healthcare Professionals Researchers Teachers and Students

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

» Network of consortia grouped around >3 rare diseases

@
RARE D,(SEASES - Natural history, recruitment, intervention trials required

CLINICAL RESEARCH NETWORK o patient advocacy group inclusion required

DMCC: Cincinnati Children’s Hospital Medical Center

NIH Partners:

Lysosomal

NCATS, NlNDS, N|CHD, Urea Cycle Brain Vascular storage
NHLBI, NlMH, NIDDK, NlDCR, Disorders Malformations disorders Primary
NlAMS, N|A|D, OoDS Porphyria Brittle Bone Congenital Immune

Deficiency
Disorders

Coalition Disorders infections

ALS and
Related
Disorders

Leuko-
dystrophies

Inherited
Neuropathies

. Genetic
Mitochondrial Dystonia Myasthenia Mucociliary
Disorders Coalition Gravis disorders

Eosinophilic
gastrointestinal
disorders

Nephrotic
Syndrome

Disorders of
glycosylation

Vasculitis

Phenyl-
ketonurea

Developmental
Synaptopathies

= new consortium in RDCRN4

Network

= continuing consortium from RDCRN3

-/@ NIH S
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1 dont know the rare diseases research
owith our rare disease search tool,

RDCRN Coalition of
Patient Advocacy Groups

Click on a consortium name to view supporting patient advocacy groups
fi6)
i,

g CPIC p
Brain Vascular Malformation Consortium (BYMC)

Erittle Bone Disorders (B2D)

Congenital and Perinatal Infections Consartium (CPIC) Consortium of Eosinophilic Gastr testinal Disease Researchers
ICEGIRY
L )
L2 o)
g
&
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CReATe: Clinical Research in ALS and Related Disorders for
Therapeutic Development Consortium

Developmental Synaptopathies Consartium (DSCH

Dystonia Coalition DG

Frontiers in Congenital Disarders of Glycosylation (FCDGCI
Genetic Disardars of Mucociliary Clearance Consartium (GOMCC)

Information and strategy sharing among

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

Global Laukadystrophy Intiative Clinical Trals Natwork (GLIA-CTN)

Lysosomal Dissase Network (LON)
neptupe
Myasthania Gravis Rars Dissass Network (MGNat!
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Porphyrias Consortium {PCH Primary Immune Deficiency Treatment Consortium (PIDTC) Rare Lung Diseases Consortium (RLDC) Rett Syndrome, MECPz Dy
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Consortium

STAR: Stersl and soprenoid Disesses Consortium
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Uraa Cyele Dissrdsrs Cansortium (UCDE)

Vasculiis Clinical Resaarch Consartium (VCRCH

RDCRN Coalition of Patient Advocacy Groups (RDCRN-CPAG)
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HOME ABOUT = S RESOURCES PUBLICATIONS NEWS

PaVe-GT: Paving the Way for Rare Disease Gene Therapies

The NCATS-led Platform Vector Gene Therapy (PaVe-GT) pilot project seeks to increase the efficiency of clinical trial startup by using the same gene
delivery system and manufacturing methods for multiple rare disease gene therapies. We will make program results and regulatory documents publicly
available, with the intention of benefiting future gane therapy clinical trials for very rare diseases.

W H Y WE N E E D Approximately 7,000 rare diseases affact 25 million people in the United States, but only aboul 5 percent of rare
diseases have a lrealment approved by the U.S. Food and Drug Administration (FDA).

Pave—GT Fortunately, it is becoming increasingly possible to develop gene therapies for rare diseases. A rapidly maturing
therapeutic platform — adenc-associated virus (AAV) gene therapy — holds great promise for many rare diseases.
AAV gene therapies use a modified version of a virus called adeno-associated virus to deliver a working copy of a
defective gene into the cells relevant for a given disease. AAV has been shown to deliver therapeutic genes to cells
in the eye, liver, brain, muscle and other organs. In recent years, AAV gene therapies have been approved by the
FDA for treating diverse rare diseases, including a retinal disorder and a neurodegenerative condition. For many rare
diseases, the limiting factor for developing a gene therapy is not scientific knowledge, but rather operational and
financial hurdles, particularly for the thousands of rare diseases thal are so rara there is no clear business model for
bringing a gene therapy to markel. These therapies for diseases of no commercial interest are sometimes referred to
as "bespoke” therapies.

In theory, the process of testing new AAV gene therapies for safety prior to human frials could be streamlined
because AAV gene therapies for distinct diseases can use the same outer shell, called a capsid, and the same
manufacturing methods. If those two factors were kept the same, central questions in preclinical testing, like the
biodistribution of a therapeutic, might need to be answered only once for each method of manufacturing an AAY
gene therapy, which would save time, money and animal resources. Entire sections of Investigational New Drug
(IND) applications might be able to be reused like templates. This approach may be significantly more efficient than
using different manufacturing and testing processes for each gene therapy, saving precious time and resources on
the road to developing and testing a gene tharapy

The goal of NCATS' PaVe-GT pilot program is to test whether we can significantly increase the efficiency of gene
therapy trial startup by using a standardized process, with the same capsid and manufacturing methods, for four
difterent rare diseases. Imporiantly, we will test this hypothesis in a transparent manner so that results, documents
and learnings resulfing from the program will be made publicly available and can therefore be used to benefit

https ://pave—qt . n CatS . n i h . q0V/ subsequent AAV gene therapy efforts. _' .{@ :;a,—t,f;\f!“i?:;er
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https://pave-gt.ncats.nih.gov/

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

Partners Across NIH: Translational Science Is a Team Sport

The PaVe-GT project is led by NCATS and includes collaborators at different institutes across NIH because surmounting obstacles in translational science
er, the PaVe-GT team will answer a pressing translational science question in

requires teamwork that brings together expertise from different fields. Toget
AAV gene therapy:

Can researchers significantly increase the efficiency of gene therapy trial startup by using the same capsid and manufacturing methods for
different AAV gene therapies, thereby minimizing redundancies in the preclinical development of gene therapies for extremely rare diseases?

Devetor DEMONSTRATE DisSEMINATE

NCATS desi NHGRI and NINDS initiate and conduct NCATS will share project results and
translational four gene therapy programs. documents with the public, in
partnership with NHGRI and NINDS.

experiment. NCATS coordinates and harmonizes
the trials.

GET TO KNOW PaVe-GT

FAQS DISEASES UNDER STUDY PUBLICATIONS RESOURCES

netic diseases will A selection of program Gene therapy resources for

Patient-friendly answers to top Faur rare ger

questions about PaVe-GT be included in the program scianlific publications researchers and patients

LEARN MORE LEARN MORE LEARN MORE LEARN MORE
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News & Events

¥ Beleases & Announcements
¥ Mudia Coverage
¥ Grantew & Partner News
¥ Events
Stories & Publications
Media Resources

Connect with NCATS

earch

HCATS is committed to including diverse patient and community perspectives in all phases of translational soence. from basi
e public health implementatiaon, Each year NCATS staff host NCATS Day to facilitate and advance robust Salogue and meaninghul
collaboraton,

NCATS Day 2019:

NCATS | Conversations
on Responsible Location:
2019 | Data Sharing
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MTATS is committed to placing patients and their communities at the center of all owr efforts
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Patient membership on the research
team is a “disruptive technology” for
rare disease therapy development

Walkley et al. Orphanet Journal of Rare Diseases (2016) 11:161 O h I f
DOI 10.1186/513023-016-0540-x rphanet Journal o

Rare Diseases

Fostering collaborative research for rare @
genetic disease: the example of niemann-
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Rare disease represents cne of the most significant issues facing the medical community and health care providers Triaks 5

worldwide, yet the majority of these disorders never emerge from their ol rity, drawing little attention from the

medical community or the pharmaceutical industry. The challenge theref how best to mobilize rare disease

stakeholders to enhance basic, translational and clinical research to advance understanding of pathogenesis and NPC Patient

accelerate [huirapy devev?pm?en:. Here we. descr—l?e a .’are, 'ararl or%m djsorde' ancxi\r‘a: w\\ man type C:‘\DLI NPC Research 42 SOAR-NPC " Advocacv

and an innovative research collaborative known as Support of Accelerated Research for NPC (SOAR-NPC) which Community Scientis ) I Sd !MMH’II Groubs

illustrates one pathway through which knowledge of a rare disease and its possible treatments are being Collaborative p

ex. APMRF & NNPDF

successfully advanced. Use of the *SOAR" mechanism, we believe, offers a blueprint for similar advancement for

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

Unvalidated Validated Target
target target assay compound candidate candidate

Target Assay Probe Preclinical Clinical Trials FDA
Development Development Development - Development Phl?se APPROVAL

- IND clearance required to initiate clinical trials

Lead Preclinical development Clinical development

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

https://ncats.nih.gov/trnd K% NIH e
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Using tissue chips to model diseases and drug efficacy

Kam Leong, Columbia U
Proteus Syndrome and DiGeorge Syndrome

Danielle Benoit, Lisa Delouise, Catherine Ovitt, U Rochester

Radiation-induced xerostomia

Kevin Kit Parker, William Pu, Harvard U

Barth syndrome, Catecholaminergic polymorphic
ventricular tachycardia, Arrhythmogenic
cardiomyopathy

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

Joseph Vincent Bonventre, Luke Lee,
Brigham and Women'’s

Polycystic kidney disease, Focal
segmental glomerulosclerosis

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

il

o

Clive Svendsen, Cedars-Sinai
ALS; Parkinson’s Disease
Aaron Bowman, Kevin Ess, John Wikswo,

L N

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

Teresa Woodruff, Northwestern U
Polycystic ovarian syndrome

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 pancreaticislets

James Wells, Moo-Yeal Lee, Cincinnati Children’s Hospital -

islet and intestine

nnnnn

NCATS, NHLBI, NIAMS, NIBIB, NICHD, N.IDCR, NIDDK, NIEHS, NINDS, ORWH {C M)
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Advancing understanding of translation:
The Drug Discovery, Development and Deployment Map

* 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

NATURE REVIEWS | DI

A dynamic map for learning,
communicating, navigating and
improving therapeutic development

John Wagner, Andrew M. Dahlem, Lynn D. Hudson, Sharon F. Terry,
Russ B. Aitman, C. Taylor Gilliland, Christopher DeFeo and Christopher P. Austin

Nat Rev Drug Discov (2018);17:150

CTS Clinical and Translational Science

An Official Journal of ASCPT

ARTICLE

Application of a Dynamic Map for Learning,
Communicating, Navigating, and Improving
Therapeutic Development

Clin Transl Sci (2018); 11:166
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https://ncats.nih.gov/translation/maps

Drug Discovery, Development and

Deployment Map

D Sl Clinical Development FDA Postmarketing
Pre-discovery bt s Review & Evaluation /
Discovery Development | Phasell:  Phasalll oo Phase IV
Pssol cmcacy, | Efficaey; PP
Safely. | Sataly ‘Safety

Nature Reviews Drug Discovery 15:150, 2018

Lead Identification

Medical Landscape

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

The Translational Science Spectrum

Clinical
Implementation

Involvement

Clinical Pre-Clinical
Research Research

Disseminate the Find"9®
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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.
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