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Part 1: Analysis of the literature




Executive Summary

The report aims to infornstakeholders at large of developments in the field of rare diseases research in
order to support decisions of policy makers and research funders, as well as inform the rare disease
community at large of the achievements and observed trends which shapitiime of research and
development for rare diseases.

It is based on a systematic survey of artigablished in scientific journals and press releases between
September 2015 and June 2018. This report does not cover initiatives to improve the organati
healthcare systems or articles covering aspects of the orphan drug market. In addition, trends and
breakthroughs in genomics, araimics in general, are not reported unless they bear specific rare disease
features.

The findings and conclusions inigheport are those of the contributors, who are responsible for the
contents. No statement in this report should be construed as an official position of members of IRDIRC.

In order to track the progress on the IRDIRC goals, for each chapter, the seasasubdivided in
general rare diseases research and development, research related to diagnosis, research related to
therapies, and research related to methodologies.

Several major policy initiatigewere taken during this period, focalized on the sebfipare diseases
policy framework in several countries, among which a number of countries that see or expect to see
such a framework for the first time. There are a number of new policies developed related to fast track
strategies and gene therapies, atgting to give patients earlier access to new medication, and
assisting to add the development of gene therapies. Furthermore, data sharing continues to have a
more and more important role, and as such several new policy initiatives have seen the light.

Several new (international) collaborations have seen the light in this period; noteworthy are a number
of these collaborations that involve worldwide regulators; regulators aedlth technology KiT)
assessorsregulators and patient associations, and furgiagencies.

Reports on outcomes of previous major initiativdEmmonstrate the advances of these initiatives, most
remarkably the development of rare diseases research networks, such as the Rare Diseases Clinical
Research Networks, but also their Europeamd Japanese counterparts, the European Reference
Networks and Initiative on Rare and Undiagnosed Diseases. More and more attention has also been given
to the several initiatives for undiagnosed patients, such as undiagnosed diseases networks and a number
of matching initiatives, trying to set up technological solutions to provide a (faster) diagnosis for patients,
often after the use of sequencing technologies.



Introduction and Methods

Introduction

The International Rare Diseases Research ConsortRBIRC) was established in 2010 and

unites national and international governmental and rRamofit funding bodies, companies
(including pharmaceutical and biotech enterprises), umbrella patient advocacy organizations,
and scientific researchers to promotateérnational collaboration and advance rare diseases
NE&aSIHNOK g2NI R6ARS Ay 2NRSNJ G2 62N)] G261 NRa
disease to receive an accurate diagnosis, care, and available therapy within one year of coming
tomedicalatS Yy G A 2 Yy d €

In order to work towards this bold and ambitious vision, IRDIRC has set three goals for 2017
2027:

> Goal 1: All patients coming to medical attention with a suspected rare disease will be
diagnosed within one year if their disorder is known in the medical literature; all currently
undiagnosable individuals will enter a globally coordinated diagnosticresearch
pipeline

} Goal 2: 1000 new therapies for rare diseases will be approved, the majority of which will
focus on diseases without approved options

} Goal 3: Methodologies will be developed to assess the impact of diagnoses and therapies
on rare diseasegiients

Methods

This report is a compilation of information published in scientific journals and press releases over

the period ofSeptember 2015 to June 201Bhe scientific literature was systematically scanned
dzaAy3 GKS 1S58 ¢2NREKINI RBUZRAA SIF AR A8 KENVR & W2
summary tables of eighty top ranking journals in various fields were systematically scanned. Only

the articles tackling a general issue, not disease specific, were retained for this vsiptine
selectedarticles describing major initiatives or major research outcomes were highlighted in the
Orphanet electronic newsletter, OrphaNews, which also publishes news about specific rare
diseases.

In order to track the progress on the IRDIRC Goals-2027, the naterial was subdivided in four
sections, being general rare diseases research and development, diagnosis, Goal 1, Goal 2 and
Goal 3.



The report does not necessarily reflect the opinion of the IRDIRC members, but the analysis of
the ScientificSecretariat through the conducted literature survey and funding analysis.



1. Policy Initiatives(September2015-June 208)

1.1  Recent Policy Initiatives iAsiaAustralia
1.1.1 Fasttrack approval of medicines in Australia

In order for drugs that address an unmet clinical need for Australian consumers to reach the
market faster, among which drugs for rare diseases, the Australian Therapeutic Goods
Administration (TGA) set out different expedited pathways in October PD)1&hese pathways,
priority review and provisional approval, will not only aim in providing timely access to new
medications, but will also help in aligning with international agencsesh as the European
Medicines Agecy (EMA) and the US Food and Drug Administration (FDA)

1.1.2 Australian genomics policy framework

¢KS /h!D | SFftGK [/ 2dzyOAt o6/ 1 /0 &St dzLJ ! dza G NJ €
which aims to leverage on benefits of genomic knowledge arfthi@ogy into the health system

(2). The initial goals of the framework are to improve population and individual health, by the
sharing of genomic information to contribute to (intenational collaborations and partnerships.

Other goals are to address the lack of coordination of asjitand to jointly address policy

issues and challenges.

1.1.3 APARDO: rare disease alliance for the Asia Pacific region

A new rare diseases alliance for the Asia Pacific region, APARDO, was formally launched at the
Orphan Drugs Congress in Singaporeuime 2015(3,4). This effort is building on the work of
national alliances and diseaspecific groups of seven different countries in the region, with the
objective to contribute toare disease policy and practice throughout the region. Ultimately, the
joint alliance aims to further the access to care and treatment for people with rare conditions
and diseases.

1.1.4 Government funded programs fueling rare disease researclapan

The Japanese government has funded various programs into rare and intractable diseases, or so
calledNan-Bya In a review published iBxpert Opinion in Orphan Drydke authors reflected

in the current status of systems to research rare diseasdgjpan(5). In particular, it focuses on

the governmentfunded research programs to strengthen epidemiological studies, basic
research, clinical research, and applied research, and looks further in detail into research
programs for specific diseases and clinicaldrfor orphan drug development.

1.1.5 China has released new policy for orphan drug development



Due to its large national population, the number of people in China living with a isease is

among the highest in the world, therefore facing a grdslienge immanaging patients with rare

diseases.In October 2017, the General Office of tt@mmunist Party of China Central

I/ 2YYAUGGSS YR GKS DSYSN}t hF¥FFAOS 2F GKS {daFd
setoutd h LA YA 2y a 2 yhe RefoBnYotlBeddw iarid yAgbroval System for Drugs and
Medical Devices to Encourage Innovation (the Opin6hy ¢ KA & 2 LIAggulafoyy 2 dzii £ A
guidelines for severdottlenecksin research and developmemtf drugs and medical devices,

covering among others review and approval processes, clinical nréagement, drug

innovation, andoromotion in product lifecycle management

1.1.6 China officially releases its first national list of rare diseases

In order to facilitate greater awareness on rare diseaBes,Chinese authorities jointigsued

their first list of rare diseases, including 121 rare dise&ggd he effort is thought to help the
management of rare diseases in Chibg,providing a reference for organizations to carry our
diagnosis and treatment of rare diseases, and safeguard the hesddtted rights and interests

of patients with rare diseases. The classification of the list is founded on shared international
standards, which will assist in international cooperation in orphan drug developmeist. It
expected that the list will be expanded in later years, adding more itiolita

1.1.7 Enforcement of rare diseases management Act of Korea

Rare diseases Management Act of Korea was enacted on Dec 29, 2015, and enforced on Dec 30,
2016. This law stipulates comprehensive policies of prevention, treatment and reseagck of
RA&ASIFAaSa G2 NBRdzZOS AYRAGARAzZ f FyR &a20Al f 0 dzNF
welfare. Governmental systems, patients aid program, undiagnosed disease program, and
research programs has been established based on thigaw

1.2. Recent Policy Initiatives iEurope
1.2.1 Publication of the strategy on thelevelopment of European Reference Networks

Earlier this year, the Board of Member States of the European Union published the strategic
guidelines for the implementation of the European Reference Networks (ERNThese
guidelines were approved at the 2nd European Reference Networks Conference. In this
document, guidelines are outlined for healthcare providers that are planning to lead or join an
ERN. Key points are that ERNs must improve the accdg&gosis, treatment and the provision

of high-quality healthcare to patients, it should add value for EU citizens to the pathologies in the
a021L)S 2F GKS 9wbX IyR GKS 9wbaQ 202S0GAQGS
experience.
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1.2.2 Approval of European Reference Networks
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On December 2016, the Board of Member States of ERNs voted to approve the ERNs. European
Reference Networks are networks connecting expert centers in the field of rare diseases and
specialized healthcare, organized across bor({lEd3 The concept of ERNs has been developing

and maturing over the past five years, since the publication of the Directive on the application of

LI GASYyGaQ NAIKGEA Ay ONERaidhe approvd $Nthe KNStorks K O NB
constitutes a watershed moment for all stakeholders in highly specialized healthcare. The
RSOSE2LIVYSY(d YINJ & | YIFI22NI Ayy20FidA2y Ay OF NB
although parEuropean structures exist ilhé researchdomain, this is thdirst such enterprise

in the health sphere. ERNs have been organized around broad disease groups, to ensure that no

LI ASYG 6AGK I NIXYNB RAaSIaAS Aa €STO WoAlK2dz

1.2.3 Launch of the first version of th€linical Patient Management System (CPMS)

In November 2017, the first version of the Clinical Patient Management System (CPMS) went live
(11). This tool is a webased application to support the ERNs in the diagnosis and treatment of
rare or low prevalence complex diseases or conditions across national bordeexgdécted that

this tool will realize one of the ERNs ctaisks to bring expert specialized care to all patients in
Europe, as it will allow for virtual consultation across national borders, ensuring that the needed
expertise can travel to the patieninstead of the other way around.

1.2.4 Europeanpolicy:the European Commissionfgiblic consultation ontransformation
of healthcare in thedigital market

In the current era of data, data has become increasingly important in healthcare and research,
also very importanin the context of rare diseases. In order to define the need and scope of
policy measures that will support digital innovation inrefinigyp LX SQa KSIFt G KX | yR
challenges to healthcare structures, the European Commission launched a public consultation on
transformation of healthcare in the digital market in April 202). After the consultation

period, it was concluded that a comprehensible EU framework is needed for healthcare in the
digital single market that takes into consideration both the collective and individual health needs

(13).

125 /| KAf RNByQa YSRAOAySay adldSySyd Ay GKS 9!
In October 2017, ten years after the launch of the Paediatric Regulét®)nThe European
Commission presented a report to the European Parliament and the Council about the progress
2y OKA f RNB(¥MhileYrsrR researa)i Soatinues to be needed, especially in the field

of pediatric oncology, there is a clear increase in the nemds Pediatric Investigation Plans,
especially in immunology/rheumatology, infectious diseases, and cardiovascular diseases and
vaccines. The increase in Pediatric Investigation Plans has led to a consequent surge in new
treatments for children, especigllin areas where the needs of adult and pediatric patients
overlap.

1.2.6 Fast track routes for medicines that address unmet medical needs

11



Fast track routes allow innovative medicines that target a disease for which no treatment is
available, or that prode patients with a major therapeutic advantage over existing treatments
to get to the market faster. In July 2015, the EMA revised its guidelines on the implementation
of accelerated assessment and conditional marketing authorizgfiéh These guidelines are
both for "innovative medicines that target a disease for which no treatment is alailar that
provide patients with a major therapeutic advantage over existing treatments." It is anticipated
that the updated guidelines will improve the use of the tools by drug developers and therefore
allow drugs that treat unmet medical needs to reguatients faster.

1.2.7 EMA initiative to the collection of higlguality data on medicines through patient
registries

In order to better address theollection of postmarketing data, the EMA launched an initiative

on patient registrie$17,18) Patient rgistries are often used in the pestarketing authorization
phase to further assess the safety and/or efficacgroidividual product. This initiative aims to
make better use of current registries, harmonizing products and data structures, and thereby
both serving to aid in the establishment of new registries and allowing to be used as a basis for
postauthorization data for regulatory decisianaking.

1.28 Aten-yearreport on Conditional Marketing Authorization by the EMA

Ten year after the launch of Conditional Marketing Authorization (CMA), thedfdipzedhe

data collected using this regulatory gatew@g). Of the 30 drugs that were granted a CMA and
that address seriously debilitating or lifereateningdiseases, 14 were orphan medicinBsiring

the time the CMA is granted, the sponsor is obliged to collect further information. The report
indicated that in the analyzed period, no drug was revoked or suspended. The analysis concluded
that the tool had a psitive impact in providing early access to new medicines for patients who
previously had no or only unsatisfactory treatment options. The report also identified a number
of possible areas for improvemenicluding engagemenwith stakeholders, in partidar with

Health Technology Assessment (HTA) bodies, and early dialogue with EMA to support the
generation of highguality data and timely discussion of additional pasthorization studies and

their feasibility.

1.2.9 The orphan maintenance assessment reports to be published by the EMA after
marketing authorization

Starting January 2018, the EMA publishes-eadied orphan maintenance assessment report for

every orphandesignated medicinal produdgR0). Following requests from stakeholders, the
orphanmaintenanceassessmenNB LI2 NI gAff 06S LI NI 2F GKS RNIA
Report (EPAR) aftex drug has obtained marketing authorization, thereby summarizing the
reasoning of the Agency's Committee for Orphan Medicinal Products (COMP) on whether or not

a medicine designated as an orphan medicine during its development still fulfills the orphan
designation criteria.The orphan maintenance assessment reports will be published for all

12



positive and negative COMP opinions, as well as withdrawals, thereby allowing for more
transparency of the agency.

1.2.10National Contact Points established to address questions aboudss bordehealthcare

TheCrossborderl S| £ G KOl NS 5ANBOGAGS FAYa (G2 LINRBOARS
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rare disease patients as expertise on the particular disease may be scattered across member
states. Keeping with this directivall EU member states now have at least one National Contact

Point (NCP) in pla¢2l). Accordirg to the European Commission website, each of these NCPs has

their own dedicated, multilingual website, and the European Commission provides support by
helping to clarify issues related to both the Directive and to Social Security regulations. Their
contad points assist in providing information about the options they have and about the
procedures that they need to follow in order to benefit from criesder healthcare
opportunities.

1.2.11 EMA: regulators possible collaboration

A report on a meeting between the EMA and EU healthcare payers in September 2017 illustrates

how collaboration between regulators and healthcare payers could create further synergies
facing the challenges and opportunities in the field of pricing and reisgment decisions at a

regional, nationaind international leve[22). The meetingimedi 2 06S O2 YLX SYSy (i | NX
existing collabration with HTAbodies and especially with the European Network for Health
Technology Assessment (EUnetHFNI KSNA Yy 3 O2f t F 02N GA2Yy &aK2dz
to new medical products and make them more affordable. EMA's Executive Director, Professor
Guido Rasi said: "their role is key to develop medicine and gathers evidence that generates
efficient decisio-making".

1.212w5 ! QiA2YyY dareppt208 2F GKS I NIié

In order to provide an overview report of the progress on rare diseases and orphan medicinal
products against the backdrop of various policy frameworks in Europe, the European project RD
Action, provided an overview repo(23) This report emphasizes several positive developments

AY 9dNRPLISQ&a NI NB RA&ASIFaAS O2YYdzyAdeéex &adzOK &
EU Member States, the approval of European Reference Networks, further collaboration
between healthcareand research; several patient organizations driving forward projects and
progress in rare diseases; and the path of stability of Orphanet. The report also states concerns,

such as the lack of replacement body for the previous European Union CommittgaeoisEx

Rare Diseases; and the lack of plans for future joint actions.

1.3  Recent Policy Initiatives in North America

13



1.3.1 The FDA is leveraging new tools and policies to advance the creation of innovative
genetic and genomibased tests

In April 2018,the FDA releasedwo guidancedocumentsfor designing, developing, and
validating tests that next generation sequencing (N€8%, whichwill play an important role in

the continued advancement of individualized, gendéiised medicine (24) The
recommendations aim to provide a flexible framework to obtain data, and to give developers
new tools to assigh the development and validation of these technologies. As NGS technologies
continue to develop, the FDA will update the regulations in order to allow developers to make
best use of these novel and innovative technologies, thereby allowing these tegie®lm
become accessible to patients as quickly as possible.

132 {GFGSYSyld FTNRY GKS C5! [/ 2YYAaaArAz2ySNI {0204
advance the patient voice in medical product development and FDA regulatory decision
making

Orphan drugdevelopment is a continuous trajectory, which sees the involvement of many
different stakeholders as experts, including patients. In order to assure for a more efficient and
safe drug development, the FDA continues to reflect on how to make the scienbeigf
development and review more modern and more patieentered, so that approved products
impact the metrics that realvorld patients and families value mg@b). As a result, the FDA has
published a new guideline on patiefdcused drugdevelopment, to address, in a stepwise
manner, how stakeholders can collect and submit patient experience data and other relevant
information from patients and caregivers for drug development and regulatory degisaimng

(26).

1.3.3 The FDA Commissioner Scott Gottlieb explained that the agency is readying to release
a new framework to help speed a path to market access for new gene therapies that will be
different than that for traditional drugs

Gene therapy is at a key point for orphan drug development; the first gene therapies have been
formally approved, whereby gene therapy has become a therapeutic reality for numerous rare
and common diseases. It is expected that moremmode new gene therapies will follow. In order

to address some of the challenges connected to these new therapeutic developments, the FDA
readies to release draft guidance documeatidressingts framework for the manufacturing

and clinical development afene therapy product&7). It is expected that this new framework

to help speed the path to market for new gene therapies.

1.3.4 New framework to help speed the path to market for new gene therapies.

The National Institute of Health (NIH) presented3tsategic Fiscalldh 20162020 One of the
priorities in this Planare to advance the opportunities presented by rare diseases to advance

14



research(28). This Strategicl&n was prepared at the request of the United States Congaess,
NIHexpects touse this frameworkd turn scientific discoveries into better healtim addition,

NIH also plans to advance the goals of Precision Medidioeording to NIH, it is uniquely
positioned to advance developments as well as capitalize on the opportunities, presented by rare
diseases over the next 5 years. Finally, NIH predicts that the research supported by them will
directly contribute to FDApproved therapies for at least a dozen rare diseases.

1.3.5 Perspectives for the PriorityReview Voucher program

The US Congressreated the Hority Review Voucher program in 2007 to encourage
development of drugs for neglected disea@%. An article published in The American Journal

of Tropical Medicine and Hygieneviewsthe programthat was introducedto encourage
development of drug$or neglected diseasg80). Written as a response to an earlier paper in

the journal, authored by industry experts who have encountered the voucher program. It weighs
both the positives and negatives and concludes with a recommendation to commence a debate
with policy makers, regulators, academics, pharmaceutical manufacturers and public healthcare
advocatesefining and enhancinthe program moving forward.

1.3.6 United Statespassed the 2% Century Cures Act

In December 2016, the United States passed th& @&ntury Cures Adt31). This Act is
designed to help accelerate medical product development and bring novel Innovations and
advances to patients faster. The Act is divided in three p&ist Century Curesdelping
Families in Mental Health Crisead Increasing Choice, Access, and Quality in Health Care for
Americans. ThéAct includes a funding in various areas for public health and research
initiatives, and significant regulatory chargg® the FDAImpacting trial design, patient access

to investigational drugs, and the orphan drug prograrhe National Institutes of Health will
receivea major funding shareed to three main projects: Precision Medicine, BRAIN Initiative,
and Cancer Monshot(32¢34).

1.3.7 House of Commons Standing Committee on Heakports on access to treatment
and drugs for Canadians with rare diseases

In April 2018, the Canadian Standing Committee on Health adopted a motion indicating that
the dthe Committeeshouldundertake a study on the barriers to access to treatment and
drugs for Canadians affected by rare diseases and disorders, including the Special Access
Program, in order to develop recommendations on actions that the federal government can
take, in partnership with the provinces and territories, to remove these barribe; the
Committee report its findings and recommendations to the House no later than December 31,
2018; and that the Committee request that the government table a comprehensive response
to the report (35)d Eor this report, the Committee conducted testimonials frordazenof
witnesses including individual patients, clinicians, researchers, bureaucrats, and
pharmaceutical companies and the Canadian OrganizatioRdoe Disorders (CORD).
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1.4  Joint Initiatives
1.4.1 NGO Committee for Rare Diseasednited Nations, New York

In 2016, a new NGO Committee for Rare Diseases was established under the umbrella of the
Conference of NGOs with Conference of NGOs @Gathsultative Status to the United Nations
Economic and Social Council (CoN@@B)37)The purpose of this Committee is to sea®
advocacy platform uniting around the issue of rare diseases a diversity of constituents which
need to be more closely connected and collaborating with each other, including: the
international NSO community, major UN agencies, national governments, the academic and
scientific world as well as the private sector. The NGO Committee has as objective to improve
the visibility and understanding of rare diseases within the United Nations system,dout al
more globally, by helping to increase and disseminate current knowledge on rare diseases
across the world. ThAgrenska Foundation of Sweden and EURORBI& Diseases Europe
initiated the Committee

1.4.2 Report of the inauguration of the NGO Committdor Rare Diseases

On November 8, 2016, the NGO Committee for Rare Diseases was formally inaugurated at the
United Nations headquarters in New Ypand a report was written on the eve(88). This

event included the representativeBom different initiatives, includinghe President of
CoNGOQMr. Cyril Ritchie, the Director of the Economic and Social Council Of the United Nations
(ECOSOC) Dr. Navid Hanif, World Health Organization (WHO) ergpte® Dr. Nata
Menabde, andRDiRClInternational Conference on Rare Diseases & Orphan Drugs (ICORD),
International Federation of Pharmaceutical Manufacturers & Associations (IFPMA) and
Orphanet Around 100 participants from around the world, and mohart 1,600 people
O2yySOGSR G2 GUKS tA@S 6So00lad GKNRIdAK GKS /
challenging and opportunities for tackling rare diseases were reported on, highlighting the
YSSR F2N) 02ttt 02N) GA2Y | ¥V Resfhdpdogtigsiatelndt &2 yY &
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could be an advantage as this intersectionality can lead to strong commitment from the
grassroots to the global level.

1.4.3 Rare dseases mentioned for the first time at WHO 71st World Health Assembly

In May 2018, the World Health Assembly of the WHO took place in Geneva. For this occasion,

an official statement on rare diseases was presented for the first (88 This statement, a

O2ft 02N GA2Y 0S06SSy | ydzYoSNI 2F 2 N®ithy AT I 4 A
the WHO, among which arseveral disease specific organizations such as Thalassaemia
International Federation, andhe umbrella organizations that are members of the NGO

/| 2YYAGGSS F2NJ wkNB 5AaSrraSade ¢KS adlraSySyid
significant but often eglected rare diseases, each of which affect relatively small numbers of

LI GASyGa odzi O2ftfSOGA@QGSte FFSOG 4G tSkHad o
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messages included are: to acknowledge the severity of the problem; to promote national
strategies; to advocate for available and affordable medicines; and to develop synergies
across borders.

1.4.4 First Rare Diseases International policy event

For the occasion of Rare Disease Day 2017, Rare Diseases International (RDI) held an event
with people living with a rare diseases and policymakéfy. The event was the first of its

kind to be organized in Geneva and gathered international experts in the fields of public
health, human rights, epidemiology, scidittiresearch and patient advocacy to discuss why

and how rare diseases should be included in the global health agércancentrated on the

vital role international collaboration plays in supporting rare diseases as a global public health
and research iportance, aligning with the message of the United Nations' 2030 Sustainable
Development Agenda of 'leaving no one behi@).

1.4.5 OECD investigation on how health systems can improve sustainable access to
innovative pharmaceutical therapies

The Organization for Economic @peration and DevelopmentOECD is launching an
investigation on howo improve patient access to innovative pharmaceutical treatments and
to ensure the sustainability of health spending as well as continued innovation that meets
patient needq42). As such, th©ECD is invitingternational stakeholders faubmissions to
identify issues with the current systerm orderto understand which topics are of most
importance to stakeholders question and togathernew ideasThe diversewmissions will

be used to inform the syntsis of evidence and develop recommendations for governments
of OECDThe report is expected in late 2018.

1.4.6 Mutual recognition agreement between EU and US regulators

The mutual recognition agreement between the European Union and the United States t
acknowledge the inspections of manufacturing sites for human medicines directed in their
respective states advanced furth@t3). Currently, in 14 Member States the FDA trast the
results ofthe inspection to replace their own inspectiorihe agreement between EU and US
regulators reinforces confidence on each other's inspection capability and resources. The
agreement is supported by confirmation on both sides that B¢ and U&ave comparable
regulatory and procedural frameworks for ingi@ns of manufacturers of human medicines,
thereby benefitting both the US and the EU.
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2. Major Initiatives (September 2013une 2018)

2.1  Rare Diseases Research and Developme@eneral

2.1.1 The European GenomphenomeArchive an EMBLEBI effort to achive human data
consented for biomedical research

An article published iNature Geneticdlustrates the European Genonphienome Archive

(EGA) | dzy OKSR o0& (GKS 9dzNRPLISIyYy a2t SOdz I NJ . A2f 2
Institute (EMBEBIY44). This archive is characterizadadd LISNX | y Sy & | NOKA @S ¢
YR LIKSy2G48LIAO RIFGF OFy 06S ai2NBRprésent, th& a Sl NO
EGA stores processed aralv data from many types of experiments, which include single
nucleotide polymorphism and copyumber variation genotypes, whole genome sequence

and phenotype data. This information is collected and distributed in accordance with the
consent and confiderdiity determined with the research participants, which is then
published in conformity with the strict protocols governed by the EGA project.

2.1.2 The Human Phenotype Ontology: Semantic Unification of Common and Rare Disease

Disease phenotypes are essafordiagnosis, research and characterization of rare diseases.

In order to get a better overview of disease phenotyping and its usage, a cerezgnition

procedure that analyses the frequencies of Human Phenotype Ontology (HPO) disease
annotations wa developed. With this tool, over 5 million Pubmed abstracts were analyzed,
described in a publication e American Journal of Human Gene{#S). The authors state

that by using this procedure the HPO has been able to corapilep n Z n nn LIKSy 2 (
Fyy2GFGA2ya FT2N 20SN mn I Amemauthidds Ndevel thaRrareD 2 Y Y 2 y
disease phenotypes will pve to be useful in evaluating and comparing the phenotypic

overlap between Mendelian and common disease. They emphasize that this is especially
important when common and rare diseases share risk alleles or have phenotypic overlap due

to their linkage by gnomic location.

2.1.3 The work of IGNITE network to advance genomic medicine implementation and
research

In order to widespread clinical implementation of genomic medicine, there are numerous
challenges that need to be overcome. In order to do so, thefhitided the Implementing
GeNomics in pracTicE (IGNITE) netwd63 This network, which is comprised of six projects

and a coordinating center, suppé&rt G KS GRS@St2LIYSyidx Ay@dSadaaal
genomic medicine practice models that seamlessly integrate genomic data into the electronic
KSFfiK NBO2NR |yR GKIFG RSLX 2@ (G22fa FT2N LAY
Genomics desdred the Network and member projects, including network structure,
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collaborative initiatives, clinical decision support strategies, methods for return of genomic
test results, and educational initiatives for patients and providés.

2.1.4 NIH budgets for utilizing genomics to understand rare disease

In order to advance the understanding of the genomic basis of both rare and common
diseases, the National Human Genome Research Institute (NHGRI) launched thef@ente
Common Disease Genomi¢4$8). This center will s genome sequencing to investigate

genomic contributions of diseases. Simakausly, NHGRI also announced the next phase of

the Centers for Mendelian Genomics (CMG), which investigates the genomic underpinnings

2T NINBX RAaSIFaSao | SN aO0OASyidArAada oAaftt aod
collaborations and sequence the gemes of individuals with a wide range of rare disorders
aSSy I NRdzyR (GKS 62NI Rpé

215 WF LI yQa LYAGAIFGAGS 2y wWEINB YR ! YRAIIy2aSs

Japan has a long history of tryingdombatrare diseases, or scalledNan-Byoin Japanese.

In order to ensue systematic diagnosis by medical experts through phenotypic and genotypic
RFGIF YFGOKAY3IS + ySieg2N)] OFftftSR GKS WFLIYyQa
(IRUD)was established49). IRUD is a nationwide consortium that assists networking of
patients, medical doctors at hospitals and community clinics, and researchers. The network

aims to integrate their efforts and expese, and exploit the information obtained by genome

analysis to provide the diagnoses to patients with rare and undiagnosed diséasegtwork

enables primary healthcare clinics to collaborate with more than 400 hospitals including 3

IRUD Clinical @eers, where complex cases can be reviewed by rdisgiplinary IRUD

Diagnosis Committees made up of medical specialists and clinical geneticists. It follows the
SEFYLX Sa 2F 2G0KSNJ N¥NB RA&aSIaS ySGg2N] &z &dx
andtKS ! YQ& 5SOALKSNAYy3I 5S@St2LISyidltf 5Aa2NRSN

2.1.6 One of the manyfirst in China:TheNational Rare Diseases Registry System

In 2016, China recentistarted its first nationwide patient registry system for rare diseases,
the National Rare Diseas Registry System of China (NRDRS), which aims to promote the rare
diseases research in Chi(@0). Lead by Professor Zhang Shuyliogh Peking Union Medical
College Hospital, this joint initiative integrates resources and knowhow from 20 leading
medical institutes of China and provides informatics system for more than 50 rare diseases
and disease groupd.heir first objective fo016 to 2020is to register50000 cases antb
performwhole exome sequencifiganel sequencingf at leastl0000 cases. A series of large
scale cohort studies will also be carried out on the basis of the registry system. This platform
is open to domestic andinternational collaboration and will provide support in
communication between experts, organization of patient recruitment, data aggregation and
analysis and collaboration on the patient advocacy for rare diseases worldwide.
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2.1.7 RDCRN Investigators anafient Advocacy Groupsg A Partnership

One of the characteristics of the US Rare Diseases Clinical Research Network (RDCRN) Program
is the requirement for each Consortium to include patient advocacy groups as research
partners.In an article published inPhanet Journal of Rare Diseast#® role patients and

LI GASYd | Rg20IF0é 3IANRdzZLJA LXFe Ay GKS w5/ wbzX
success was reviewe(bl). It highlights the different aspects of the role, being patient
advocacy group participation in protocol review, study design, Consortium conference calls,
attending Consortium meetings, or helping with patient recruitment. Overall, the article
concludes thathis partnership in the RDCRN has had a positive impact on the network and

has been vital to its overall success.

2.1.8 RDAction publishes guidelines for implementation of the codification of rare
diseases in health information systems

In order to correctly track rare disease patients in healthcare systems and to track rare disease
patients, it is important to have a systematic codification system for rare diseases. In order to

code patients, from 1997 onwards, Orphanet worked on thesifecation of rare diseases,

followed by the introduction of Orphacodes for the codification of patients. In 2014, the
Commission Expert Group on Rare Diseases recommended the introduction of a codification
policy in national plans, and to consider toroduce the Orphacodes in the Member States

health information system. In order to support the implementation, a guideline document
SYyiAdGt SR a{dFyRIFINR LINROSRdAZNE FyR 3dzARS F2NJ {
with recommendations on coding sdtions, as a major step towards the practical
implementation of rare disease codificati¢s2).

2.2  Rare Diseases Research and Developmebiagnosis (Goal 1)

2.2.1 The Undiagnosed Diseases Network of the National Health Institute in the United
States

In an article in JAMA, a description of the Undiagnosed Disease Network-@DdXtension

of the Undiagnosed Diseases Program (UDP) set up by the NIH, was pu{@®@hdtie NIH
Common Fund supports the Undiagnosed Diseases Network (UDN) as an exemplar of this
model of precise diagnosis. UDP evaluates patients and families who have not been able to
receive a diagnosis. Paipants in the UDP are chosen based on objective signs and
symptoms, the unique nature of the problem, and an estimate by the UDP of its ability to
make a diagnosis. According to the article comprehensive clinical assessment represents only
the beginning ad the UDN acts aaxtension, whiclallows the analysis and sharing of data
which enhances the working of UDP.

2.2.2 Undiagnosed Diseases Network International
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Modeled after the UDP, the Undiagnosed Diseases Network International (UDNI) was
launchedin Juy 2015 in order to help provide a diagnosis for rare disease patients worldwide
(54). This launch was discussed after two intdfoaal conferences on undiagnosed diseases.

In an article in Molecular Genetics and Metabolism, the authidescribe the consensus
framework of principles of UDNI, best practices and governance. According to the authors the
UDNI involves centers with inteationally recognized expertise, a Patient Advisory group and
its scientific resources and knefmow aim to fill the knowledge gaps that impede diagnosis.

2.2.3 GeneMatcher: a matching tool for connecting investigators with an interest in the
same gene

GeneMatcher is a welbased tool developed with the goal of identifying additional individuals
with rare phenotypes who had variants in the same candidate disease gene, developed as part
of the BaylorHopkins Center for Mendelian Genom({&5). Described in an article published

in Human Mutation, it is designed to enable connections between clinicians and researchers
with the goal of connecting genes to Mendelian phenotypes and increasing our understanding
of these rare disorderg56). The tool does not collect identifiable data and can accept
phenotypic data. According to the authors, "since its launch on September 2013, it has
collected 2433 individual genes from 539 submitters spread across 49 countries creating 450
matchese® 2 dzNJ} IAy 3 O2ff 1 02NIF GA2ya FTNRY QI NR 2 dz&a

2.24 Matchmaker Exchange now connects seven genomic matchmakers and two
knowledge sources

In both research and clinical settings, numerous rare disease patients lack a clear etiology after
exome and genome sequencing. If an additional case with the same variant in the same gene,
and overlapping phenotype could be found, this may provide sufficient evidence to identify
the causative gene, but case data often sits in isolated databases. The fvidehExchange'
project was launched to address this challenge and find genetic causes for patients with rare
disease, and formally set up in 20157,58) In order to do so, Matchmaker Exchange
established a fedated network connecting databases of genomic and phenotypic data using

a commonapplicationrprogramminginterface (API). To date, seven databases are connected
and exchange data using the AB9).

2.25 The human diseasome: phenotype similarity model for common, mendelian, and
infectious diseases

Authors of a study published in Nature generated a human disease network, in which diseases
that have similar signs and symptoms cluster together, and have used this network to identify
closely related diseases based on common etiological, anatomical &ssvphysiological
underpinnings(60). This is a resource of diseasgsociated phenotypes for over 6,000
common rare, infectious and Mendelian diseases. The authors emphasize that through this
approach, they have not only obtained phenotypi@racterizatiorof common and infectious
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diseases, but also characterization for geneticbfiged diseases in OMIM for whicurrently

Gy2 LKSy208LIA0O OKI NI OGSNRT FdAz2zy SEAaGEA SAGKS
AY hala®é clisede diilarity Ineiwdrk in this study shows that diseases of
different systems and pathological processes can be sepamatethe basis of phenotypic
relatedness and identify similarity between etiologically related disease groups where
overlapping phenotypes are observed.

2.26 The Exomiser: a tool that goes one step further for variant identification

Whole-exome sequencingis a very successful approach in the identification of novel
Mendelian diseasgassociated genes, and for the diagnostics of rare disease patients. The
authors of an article published in Nature Protocol describe a protocol for the Exqrarser
applicationthat uses clinical data, model organism phenotype data, as well as ramgkn
analysis of protein interactome data for novel disegsme discovery or for differential
diagnostics of Mendelian disea$@1,62) This tool has been used throughout a number of
projects for diseasegene discovery and diagnostics such as th® USPas well as
PhenomeCentral portal. The article providgesoverviewof the data sourceased by the toqgl
which includes human and animal data sources integrated into algorithm, to prioritize exome
sequences

2.2.7 23andMe directto-consumer genetic tests receives marketimgithorization in the
United Staes

In 2017, the FDA allowed the first diretti-consumer test that provide information on an
AYRAGARIzZE £t Qa 3ISYSGAO LINBRAALRAAGAZ2Y (G2 OSNII
to make decisions about lifestyle choices or to inform discussions witteath care
professional(63). This Personal Genome Service Genetic Health Risk test, marketed by
23andMe, is a simple saliva test which tests for increased risk for developing for 10 diseases

or conditions among which a number of rare diseasesnd\lsith this authorization, the FDA

is establishing criteria, called special controls, which according to them will provide reasonable
assurance reliability and accuracy.

2.2.8 Newborn Screening Connect Registry (NBS Connect): beneficial for clinicians and
patients?

Newborn Screening Connect (NBS Connect) is abasbd seleported patient registry and
resource for individuals and families affected by disorders included in the newborn screening
panel thatwas launched in 2012. In an article published in July 2017 in the Orphanet Journal
of Rare Diseases, the authors show its benefits for clinicians and for hypethe®s
research(64). This network gathers information on recent studies and provides a resalircef
database that contributes to research. The NBS Connect network aims to help in
understanding the longerms outcomes of rare disorders and developing a better knowledge
of how to improve care for patients.
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2.29 FaceMatch: a new tool for facial recogman to help diagnosing intellectual disabled
patients

In an article published iBMC Blog NetworkC F OSal G OK a{ S NOKAyYy 3 F2NJ
was highlighted65,66) which is an oubf-the-box initiative to solve part of the diagnostic

odyssey of many children. The promising project is using computemnfiatehing technology
developed to help in the diagnosis of indivadsl with undiagnosed intellectual disabilities.

Parents can decide to participate in the FaceMatch project on their own initiative or can be
invited by a doctor to take part in the project. The main goal of FaceMatch is to match as many
faces of people annd the world with similar facial features to help find a diagnosis earlier

and potentially discover new important genes in brain development.

2.2.1 Cliniface: a platform for 3D facial analysis for rare diseases diagnosis

Clinifaces a 3D facial analysis hub that enables collaboration with clinicians, researchers and
computer scientists to advance understanding of facial characteristics and their relationship

with rare diseas€67). 3D facial analysis is a prototypical precision public health (&)l
Clinifaceevolved with the critical support of RDonnect funding through a reciprocal funding

F NNJ yaSYSyid gAGK 1 dzAGNITAFIQa bl iGA2YIf | STt
European Union. It has been developed to assist clinical diagnosis, screening, ifuedgal

treatment monitoring, clinical trials and surgical planning for rare diseases. It is developed
using open source software, and is available for download. Cliniface is being used together
with the rare diseases knowledge management platform, Pat#enhive.

2.3  Rare Diseases Research and Developmghherapies (Goal 2)

2.3.1 ADAPT SMART: a platform for coordinating Medicines Adaptive Pathways to
Patients

The Accelerated Development of Appropriate Patient Therapies a Sustainable; Multi
StakeholderApproach from Research to Treatmemitcomes (ADARSMART) project was
launched in September 201(®9). This projectfunded through the Innovative Medicines
Initiative (IMI) is gplatform that enabls coordination of Melicines Adaptive Pathways to
Patients (MAPPsctivities,whichaims to foster access to therapies for patients with unmet
needs. The ADAFSMART Coordination and Support Action will act as a neutral collaborative
framework to establish the platform thatiWwengage with all relevant stakeholders, including
patients, industry, regulators, HTA, payers, clinicians, governments/policy makers.

2.3.2 Symposium on the development of European cooperation on health technology
assessment
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In late 2015, a symposium wdeld addressing European cooperation in evaluation of health
technologies- an approach initiated more than a decade ago with the creatiorthef
European Network for Health Technology Assessment (EUnetHUA)It focused on the
collaboration between the agencies responsible ttoe evaluation of health technologies in
Euope and went into detail on how to facilitate the exchange of knowledge and best
practices. Five European programs were highlighted during the symposium, being SEED,
AdHopHTA, MedtecHTA, Advance HTA, Integddtd (71¢75). In the next years, the
collaboration is aimedb lead towards a sustainable structure and mode of operation for the
production of common documents to prepare the opinions of National Commissions, the
development of early dialogues with industry, pasgistration data, and the establishment

of new mehodological guides.

2.3.3 EMA launches Priority Medicines Scheme

In March 2016, the EMAUached a new scheme, PRIority diéines (PRIME) to strengthen
support to medicines that target an unmet medical negth). The scheme focuses on
medicines that may offer a big therapeutic benefit over prevailing medications, or help
patients for whom there are no treatment options available. These medicines are considered
priority medicines within the European Union. Throutjie scheme early and enhanced
support is offered to drug developers, to optimize data generation and to enable accelerated
assessment of medicine applications, which ultimately is intended to help patients gain access
to new drugs as quickly as possibléne EMA has outlined the process once a candidate
medicine has been selected for PRIME which is described in detail on their website.

2.3.4 The story so far: a report on the incentives provided for orphan medicinal products
in Europe

In early 2016, the Eopean Commission published $tate of Play report, that reviews
incentives to support research into, and the development and availability of, orphan medicinal
products(77). The report provides thetatistics that possibly endorse the success of these
incentives such as the number of orphan designations, and the number of protocol assistance
procedures The report details the measures taken by individual member states towards
encouraging OMP devglment, as well as the union measures that were taken in the 15 years
following the Orphan Regulatiqd4), such as fund commitment to rare diseases research and
drug development specifically

2.3.5 Orphan drug development in China

In an article in Intractable & Rare Disea Research, an overview of the challenges and
opportunities of Chinese rare diseases research, in particular rare diseases drug development,
is provided(78). There is a huge unmet need in China, with one of the highest number of rare
disease patients worldwide, coming up to over 10 million patients suffering from a rare
disease. Opportunities psent in the 18 National FiveYear plan, which includes rare
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diseasesare a national priority with increasing governmental support, and the China Food
and Drug Administration (CFDA). The article concludes by providing recommendstating,

G ¢ 2 Shitdralshidsess, Chinese drug companies should leverage the valuable knowledge
assembled over the past three decades by Western countries in the area of orphan drug
RSOSt 2LIYSYy G ¢

2.4  Rare Diseases Research and DevelopmgAtcess (Goal 3)
2.4.1 Involving patients in discussions on benefits and risks of medicines

The EMA published a final report on the experience gained during its pilot project to involve
patients directly in the assessment of the benefits and risks of medicines in its Comnuittee f
Medicinal Products for Human Use (CHMB). In the two-year pilot, patients were invited to
attend the CHMP discussions and provide their opinion on the risks and benefits of a number
of medications, among which a number of orphan drugs. ddrelusion of the report is that
patient involvement during the pilot was valued as very positive and that patismsid
continue to be invited to oral explanations when their input could be valuable to the
assessment of a medicinal product.

2.4.2 Laurch of the Parliamentary Advocates for Rare Diseases

In October 2017, the new Parliamentary Advocates for Rare Diseases ngavoekwork of
European and national members of parliament advocating to improve the lives of people living
with a rare diseasewas launched80). Thecollaborationis the result of an effort led by
EURORDIRare Diseases Eumpo ensure that European stakeholdeverk and join together

to tackle the challenges and often also inequalimkich rare diseases creatd he network

gt a tFdzyOKSR RdzZNAy3 +y S@Syid SydaAaidt SR wwdAa3t
Rare5 A 4 S| 4 S & At 2hy Fuldageani Radlament in Brussels. The eventiatdaded

the presentation of highlights of the surveym the impact of rare diseases on daily kfeh

data concerning the real impact on patients and carers living with a raeagkswhich was

set up in the INNOVCa(81)project The results demonstrated just how pervasive this impact
can be, acrosdifferent aspects of daily life

2.4.3 PatientReported Outcomdabelingin the United States

An article published in Value in Health analyzed patient reported outcome labeling (PRO) of
FDA newdrug approvals during 2011 to 20B2). PRO are used to measure treatment benefit,
directly reported by the patient who experiences it. Additionally, theymparethe findings

with those reported between 2006 and 2010, before FDA released its final guidance for
industry on the use of PROs to support labeling claims. The authors found that during the
2011-2015 period,16.5% ofthe new drug had PRO labelingvhich was mostly based on
primary end points and some of them were based on secondary end pbintise previous
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period, 24.1%f drugs had a PRO labelifidheefore, they concludethat there was aroverall

decline in PRO labelimyring2011 to 2015 compared to 2006 to 2010 hvhich was similar

for drugs that traditionally rely on PROs for assessing treatment benefit. According to the
authorsa A Aa Ay GKS Ayl SNSDa ihigh Gualig Natao raglilafodsF | O G dz!
LI @SNBEZ YR LINSAONAROSNE (2 YIFEAYAIT SndbdhS G f d:
the sponsors and the FDA should work towards better PRO reporting strategy.
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3. Guidelines and Recommendations

3.1 RareDiseases Research and Developmereneral
3.1.1 Nature Genetics urges authors to publish data in managed public repositories

A part of the usefulness of papers comes from the possibility of accessing the data and
metadata of a paper. As sucNature Geneticdas stated its preference to largely publish

papers that will produce all their data in a public repository such as European Genome
phenome Archive or the Genotype and Phenotga¢abasg(83). Of coursesome challenges

need to be overcomeFor instance the challenge of ging equal opportunity to researchers

from lower resource countries, or finding a solution for publishing patient data while taking

into account local and national lawBespitel KSa S OKI ff Sy3aSas GKSe& | f:
repositories have been devgled and supported by funders and researchers alike, (and
therefore) see no reason to make exceptions or concessions to review or publish research
articlest from any partoftneworld 0 K & €t O1 GKS Y2ad ol airod | 00!

3.1.2 Recommendations for inforrad consent process in international collaborative rare
disease research

Increased international data sharing, due to research consortia and the implementation of
novel technologies, provides challenges for the informed consent processn hkrtigle
published inthe European Journal of Human Genetiosre elements to be addressed in the
informed consent documents for international collaborative rare disease reseasciy
biobanks and registrie are identified(84). They provide guidelines for newly established
biobanks and registries as well as for older collections without (or limited) informed consent.
The authors provide principles for ethically collecting informed consent for both scenario
which have been applied and are in current practice withéveral rare disease research
consortia.

3.1.3 How do pediatric biobanks look at various aspects of obtaining consent from the
pediatric population

The use of pediatric patients in studies, istges and biobank poses specific challenges and

ethical concerns when it comes to consent. In an article in the European Journal of Human
Genetics, these ethical concern§a LISOA I f £ & gAGK NBIAFNRa G2
procedures, are discusse(B5). The authors of this article provide the results of an
international multiplecase study which included four biobanks addressing diverse health
concerns with the collection of a variety of data from the pediatric population. The article
highlights fourthemes related to informed consent and children, being: (1) motives to involve
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the child, (2) informing the child, (3) the role of dissent, assent and consent and (4)
@2t dzy G NAySaa 2F OKAfRNBY (2 LI NIAOALI GSod¢

3.1.4 Usingthe principle of proportionalityin genomic data sharing

Sharing of genomic data comes with a certain number of r&&sording to the authors the
depth and scale of genomic data have led to increasing concerns about the potential
identifiability of anonymized research participants ahé tiarms that might result. However
they also state that in the area of rare diseases, where finding a molecular diagnosis is key, an
alternative approach that enables broad sharing of individeakl data with limits the depth

of the data, is advantagers. Therefore, it is important to takéento account the principle of
proportionate whilst sharing of genetic dag&6). When following this principléhe depth of

data has ben balanced with the breadth asharing. As such, the authors have developed a
two-tier approach to data sharing, in which first anonymized individienat! genomic data

with detailed phenotypic descriptions are shared securely with authorized researchers, and
second, a small number ofdividual variants are shared openly with phenotypic descriptions
via the DECIPHER database.

3.1.5 Utilizingthe principle of proportionality in genomic data sharing

More and more big data is used in different aspects of healthcare, but its use reggpdation.

In a sudy financed by the European Commission on Big Data in Public Health, Telemedicine

and Healthcareit is identified how Big Data can beapitalizedto improve the health of
AYRAGARIzZE f LI GASyYyGa |a ¢St f hdalh sySten®87LI&IF 2 N |
study outlines10 recommendations that arenderpinnedby ethical principles as well as
privacyrB Kiad @KAOK gAff LINEa LIS@dnkodéveldp a Kafié dhhini KS  /
the context of the European Digital Market Strategy.

3.1.6 Study on Big Data in Public Health, Telemedicine and Healthcare

In an articlan the European Journal of Human i@aics a proposal foa new standard model

for data access is present¢d@8). ThisY2 RSt T2 NJ | 00Saa G2 RFEGF GKI
open access archives owing to ethical and legalérisk NB O 2 Y ¥hfeefsiep prokess to

judge who can acquire access to thisckof sensitive information. According to the authors

GKAA GQONRLIE S !¢ | LIINRIOK akKzdZ R Ay@2f gSy a!
which is being currently piloted with the Demonstration Projects of the Global Alliance for
Genomics and Health.

317 wSO2YYSYyRIFIGA2ya G2 NBOGdzNYy NB&aSFNOK LI NIAO

When work began on return of results in genomic resealichited thought was given to

return of results to relative. However, study findings may not only have an impact on the study
LI NOHAOALI yi KAY 2NJ KSNABSft F3 opdblishddintheJogndl ( KS
of Law and Medical Ethics proegrecommendations on handling the return of results to the
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relatives of participants of genomic resear@®). The authors detail the methods by which
the results might reach or not reach the relatives and provide ethical and legal considerations
for returning resllts to participants thereby providing a number of handles for these
situations, but also specify the need for further research on this matter.

3.1.8 Patients as key partners in rare disease drug development

Rare disease patients are key throughout défgr phases of research, including drug
development. In a paper on this topid)e authors elucidate how patient engagement can
enhance the drug development at eaphase(90). According tothe authors in the early
stages of drug development, information on the burden of disease as well as the progression
of disease symptoms is essential to assess the bensfitprofiles. This informationan be

most accurately provided by the rare disegsatients themselves. Constructing a body of
knowledge in this manner to create patiergported outcomes or cliniciareported
outcomes is substantially important later in the drug development process. At later stages it
is important to estimate from patigts the reasonable goals of the therapy relative to the risks

to determine the safety and efficacy of the drugs.

3.19 EC Report: Rare disease® major unmet medical need

Between 27 and 36 million people in the European Union suffer from a rare diseagéom

limited information and treatments are availabléhus representing a considerable unmet
medical need and a major challenge for public health. The European Commission has, over
the past couple of decades addressed this issue, in particular threugport to European

level research initiatives in the field of rare diseases. The EC Directeesteral for Research

and Innovation published at the end of 2017 a comprehensive review of how the results of
recent research and innovation projects, fundeg the EU, contributing to five key areas of
policy challenges related to rare diseasdseing improving diagnosis; facilitation the
NBEIdzZA F G2NE LI 0Kgl&Q STFFSOGALBS |yR Sldza f LINE
research and data to benefit gtlatients; and contributing to global collaboratig@1). In
addition, the report key policy recommendations aimed at addressing the policy challenges
mentioned above, all based on the outputs of tBeffunded rare disease project portfolio

3.2 Rare Diseases Research and Developmebiagnosis (Goal 1)
3.21 Statement on the utilization of wholegenome sequencing in newborn screening

The progress in whole genome sequencing technology has been gaining ground leading to a
significant decrease in both the cost and time needed to generate data on the entire sequence
of the human genome and an increase in accessibility especially for nevdmoeening
programs (NBS). An article published in European Journal of Human Genetics describes the
impact this will have on the potential use of this technology in publicly funded newborn
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screening program$92). The article presentslifferent statementsreviewing the current
scenario and issues a set of recommendations to help inform and guide scientists and
clinicians, as well as policy kes. These recommendations incluithe primary objective of

the program; the need for robust evidence base to conduct these screeningsgthp of
costeffectiveness studies to ensure proper implementatipnopen dialogue between
stakeholders the need or information provisionto parents at all stageshe education of
healthcare professionals; the sap of a plan for stored data; and guidance on unsolicited
findings.

3.22 Rethinking genetic testing services in the Arab Gulf region

The large number of consanguineonsarriagesis responsible for thenigh frequency of
genetic diseases in the Gulf countries. According to the authors of an article published in the
Journal of Human Genetics, due to the lack of infrastructure in these countries, molecular
diagnostic testing of the samples are often senbtber countries(93). The returning results
often cone back as negative or inconclusive, which the authors state may be because the
novel mutations and different common mutation observed in this population, are different
compared to population of different countries. This has propelled authors to call for
restructuring genetic testing programs in the Arabian Gulf. While though Saudi Arabia and
Qatar have launched large scale genome sequencing programs, the authors believe that more
needs to be done. They recommend investing in better infrastructure and dlglaresearch
program in order to provide care that is customized to their population.

3.23 International Recommendations for Undiagnosed patients

A number of international umbrella patient advocacy groups have joined forces to submit a
list of recommendations to address the specific needs of patients without a diagnosis urging
all stakeholders to recognize undiagnosed patients as a specific papulaiihin the rare
disease community94). In doing so, undiagnosed rare disease patients provide specific care
to promote their chances of receiving an accurate diagnosis in as efficient and timely way as
possible, while ensuring that, untél diagnosis is made, they nevertheless receive the best
possible health and social care. These recommendations also highlight the importance of
promoting ethical and responsible international data sharing to help inform a clinical
diagnosis, accelerate rearch into novel conditions and provide insights into disease
mechanisms.

3.24 FDA finalizes guidances to accelerate the development of reliable NGS tests

The FDA has issued two guidances that will provide regulatory oversight for the N&&Sof
based tests (24). The guidancesprovide specific recommendations to accelerate the
development and the validation of tests usilNGS based tests allowing to follow the
development of new innovations. As such the FDA set optdgide an adequate and flexible
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are set to give developers new tools to suppthe development and validation of such
technologies. The primary aim of the FDA is to adapt regulatory review in order to make
innovative and accurate testing technologies available to patients.

3.3 Rare Diseases Research and Developmgmnherapies (@al 2)
3.3.1 HHS takes steps to provide more information about clinical trials to the public

Access to more information on clinical trials is good for rare disease patieitging to make
information on trials more readily accessible to theblic, he United States Department of
Health and Human Services has issued specific requirements for registering clinical trials and
submitting summaryresultsinformation to ClinicalTrials.go{95,96) The new rule expands

the legal requirements for submitting registration and results information for clinical trials
involvingFDAregulated drug, biological and device products. The Natilmstitutes of Health

has also issued a policy for registering and submitting summary results information to
ClinicalTrials.gov for all Nfdnded trials.

3.32 FDA guidance document on communication between pharmas and FDA during drug
development

Continuous interaction between the biopharmaceutical industry and regulators is essential in
the drug development process. In order to set out clear, transparent recommendations for
these interactions, the FDA has published a guidance document that desdhie best
practices and procedures for timely, transparent, and effective communications between
investigational new drug application (IND) sponsors and FDA at critical junctures in drug
development, which may facilitate earlier availability of safe afi#ctive drugs to the
American publig97). The report @scribes the timely and continuous interaction, the scope

of interaction, the types of advice, the expectations of the process, best practices of
communication methods.

3.33 Report on the multi stakeholder for regulation of advanced therapy medicines

Advanced therapy medicinal products (ATMPgncompassinggene therapies, tissue
engineered products and somatic cell therapies, havepitmniseto reshape the treatment

of a wide range of conditionsncluding orphan drugs. In order to explore possible ways
F2a4GSN) 6KS RS@OSt2LIYSyd 2F !¢atax FyR (2 Syfl
published a report on the mufstakeholder meetings that were held on this togi@8).

Important topics include the need for early interaction and guidance from regulators, more
transparency and information sharing, greater harmonization between Member States on
various aspects of the ATMP legislative framework and measures to tackle litieguia

patient access to ATMP treatments.
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3.34 Guidelines to settle biopharmaceutical industry and patient advocacy organizations
partnership challenges

Patient involvement in drug development is key, but guidance is needed to optimize the
relationshis between patient advocacy organizations and pharmaceutical compafies.
study focuses on the development of specific guidelines by an independent expert panel
compared of patient advocacy organizations and biopharmaceutical industries leaders,
highlightirg ways to ensure an effective collaboration between them and addressing ethical
and legal issues that may arise in the entire research and medical develof@nDne of

the main challenges is to add transparency to these types of collaborations in the contexts of
drug development for rare diseases, thus enabling them to overcome the complexity of their
partnership, and to provide therapeutics with meaninghput for patients. Those guidelines

are crucial to facilitate the cooperative work between the two stakeholders.

3.35 Analyzing the ability of fulfilling the obligations of conditionally approved drugs in
Europe

Since the introduction of conditional mieeting authorization by the European Medicines
Agency in 2004, patients have gained faster access to drugs which fulfill an urgent and unmet
need. Examination of whether the conditionally approved drugs manage to obtain
comprehensive evidence confirmingaththe riskbenefit balance is positive to obtain full
marketing authorization and the time taken to reackli00) On average, the median time for
conditional approvals to finish their obligations and switch to regular marketing authorizations
was five years, noting delays, discrepancies and lack of information on some of these drugs.
From the data gathered the authors caution that the conditionappraved drugs without

fully established clinical value are in the market for long periods and question whether the
public health advantage outweigh the risks of limited clinical information.

3.36 Health Technology Assessment in rare diseases: a dynanticqss

Rare diseases are often heterogeneous in their progression and response to treatment, and
they come with the challenge that only a small population is available for studies and clinical
trials, hence leading to difficulties in evidence generatioralléhges for evidence generation

to supportHTAare especially profound in the case of rare disease drugs, thus requiring novel
research methods. Discussion with an expert panel presented explored differential
approaches for HTA evidence generation foreraisease treatment§101) The experts
informed, providing examples of case studies, that adaptive trial designs, trials analyzed using
Bayesian techniques, and disease specific patient reported outcomes as well as qualitative
researchtoelicitpaBy 14 Q LISNRLISOGAGSa INB ff 2F AYYSya
The authors emphasize the importance of international consensus and collaboration to agree
on the how the value of products to treat rare diseases will be assessed in HTA.

3.3.7 An analysis of orphan designations and authorizations in Europe and United States
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What is the status of products with orphan drug designation that have not (yet) obtained
market authorization? In an article published in Orphanet Jounal of Rare Distassttus

of these products was analyz€#l02) To date, theUnited Stateshas more designations as

well as approvals than thEurope(around three times more). Regarding therapeutic needs,
oncology is the most represented while a majority of rare genetic diseases has still an unmet
therapeutic need. In addition, despite the interest and the need for draggroved for
children, about half of the drugs approved in the EU and US for a rare disease affecting
children was not granted pediatricindication. The authors concluded that, by merging all

the existing approvals, patients would benefit of substardidvantages in both geographic
areas. Efforts and cooperation between EU and US seem the only way to expedite the
development and marketing of drugs for rare diseases.

3.38 Creating a sustainable environment for orphan drug development

The costs of many ra diseases drugs are large, and as such a debate continuous to be held
on the price tagsrelated to orphan drugs. An articlenthe Journal of Clinical
Pharmacologyliscusses whether the high price associated with them are feaspie if a
system can beset up which will ensure sufficient return of investmgi03) The authors
discussthe legislations passed in the United Stat&siropean Union, Japan and Australia
which has led to orphan drug development to be financially viable with more marketing
authorizationsin the subsequent years. The authors are awaré¢hef public apprehension
about the high pricing of orphan drugs and the fact that the high drug prices associated with
low costeffectiveness could limit reimbursement.

3.4  Rare Diseases Research and DevelopmeAtcess (Goal 3)
3.4.1 Report:United Nations Secretasd Sy S NJ- degeBparielordAccess to medicines

In 2016, the United Nations SecretaBeneral Ban Khoon commissioned a Higlevel Panel

on Innovation and Access to Health Technologies. This panel reviewed solutions to overcome
the gaps between the rights of inventors, international human rights law, trade rules and
public health in the context of health technologies, which were published in a répo4)
Several aspects are of ingst for the rare disease community, such as the recommendation

to initiate negotiations for a binding Research & Development Convention théhkie the

costs of research and development from end prices to promote access to good health for all.
Furthermoe, the report includes a recommendation to governments requiring that the
unidentified data on all completed and discontinued clinical trials should be made publicly
available in a format that is internationally recognizable.

3.4.2 EURORDIS: Position papar access to therapies
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EURORDIRare Diseases Eurogmiblished a position paper on compassionate use, which is
OFrttAy3a F2N) GKS FFTR2LIGA2Yy 2F YSIadaNBa G2 NB¢
through Compassionate Use Prograni$05) Accordigp to the EU Regulation on
Pharmaceutical{106> O2 Y LJ- & & A 2naking & meldi&isal phoduct Wvailable for
compassionate reasons to a group of patients with a chrogiaadl seriously debilitating

disease or whose disease is considered to be life threatening, and who cannot be treated
satisfactorily by an authorized medicinal prod@cp Ly (GKS LIRAAGA2Y LI L
forward several policy proposals as possible sohg to improve compassionate use across

Europe. The position paper also sets out recommendations to patient organizations, industry,

EU Member States and European authorities on how to advocate for, create and manage
Compassionate Use Programs.

3.4.3 A all for registries independent of the industry for postuthorization assessment of
orphan drugs

The EU regulations on orphan drugs have created an increase in the development of orphan
drugs, however, the unsustainability of the high cost of orphan dalgysg with lack of clarity

on its effectiveness has been a concern of many rare disease stakeholders. The authors of a
commentary in Lancet believe that the system of pasthorization assessment for orphan
drugs needs to be reformed to address these peals(107) They illustrate the pitfalls in the
post-authorization studies of agalsidase alfa that is recommended for the treatment of Fabry
Disease to explain their case. To change the systems that are currently in place the authors
propose the launch of collaborative registries that are independent from themphceutical
industry based on the features mentioned below, to promote appropriate use of orphan drugs
and management of costs and to conduct adequate f@aghorization assessment of orphan
drugs.

3.4.4 Commission Expert Group on Rare Diseases: Recomiudmts to support the
incorporation of rare diseases into social services and policies

The Commission Expert Group on Rare Diseases (CEGRD) has recently published
recommendations to support the incorporation of rare diseases into social services and
policies, developed within the EU Committee of Committee of Experts on Rare Diseases
(EUCERD) Joint Acti¢h08) These recommendations mainly focus on empowering health
ASNIAOSAQ | 0GSYLI rag@ovididn @ erabldithetn & playyhe BB eyl SR C
need to play in supporting the incorporation of Rare Diseases specificities into mainstream
social and support services, within a holistic and persemtered approach and a human

rights perspective.

3.4.5 Recommendations from the European Working Group for Value Assessment and
Funding Processes in Rare Diseases
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Currently, many different factors play a role in orphan drug uptake, but this is complicated tby
the lack of pricing and reimbursement clarityp order to improve this process, the European
Working Group for Value Assessment and Funding Processes in Rare Diseases deliberated on
this topic and have provided a set of recommendations which are published in Orphanet
Journal of Rare Diseas@$9) These principles fall into four priority areas of the orphan drug
pricing and reimbursement process in Europe which includePQMcision criteria, OMP
decision process, OMP sustainable funding systems and Europeadination.

35



4.  Trends(September 2019une 2018)

4.1 Rare Diseases Research and Developne@teneral
4.1.1 Outlook of patientcentered outcomes research in the Ued States

Patientcentered outcomes research helps people and their caregivers communicate and
make informed healthcare decisions, allowing their voices to be heard in assessing the value
of healthcare options. In an article describing patieenhtered outome research in the
United States in the current context, the authors state that there is a large body of medical
evidence which does not reach clinical practice in many cdd€3 The authors believe that

in order to generate better health outcomes, evidence has to be put in the hands of the
clinician, and into practice. To address this concern, the Affordable Care Act to the Agency for
Healthcare Research and Quality has earmak#8D 100 million tdisseminate and
implement patientcentered outcomes research evidence. The authors believe that the
Agency will rely on its vast experience and long history in both generating new knowledge and
facilitating research finding uptake.

4.1.2 Incorporating Patient Perspectives in Health Technolofjgsessmentand Clinical
Practice Guidelines

A study published in Research in Social and Administrative Pharmacy reports on a study done
in Fidand on the different ways patients can be involvachealth technology assessments
(HTA) and clinical practice guidelines (CPGs) processes and their challenges, as well as on the
approaches that can be used to inform patients about this t¢picl) While multichannel
communication on CPGs and HTAs was seen as essential, the authors also outlined a wide
variety of communication channels suchigrnet/social media, patient organization, health

care professionals and media. This included incorporating patient representatives in the
different stages of HTA and CPG groups. The authors especially note the important role of
patient organizations foensuring the involvement of patients during decision making as well

as providing up to date information of the HTA and CPG decisions, and ensuring that all
patients are informed.

4.1.3 View of rare disease patients and families on data sharing

What are the views of rare disease patients and their caregivers on data sharing. A study
LJzof AAKSR Ay (GKS 9dzaNRBLISIY W2daNyFf 2F [1dzYly D
Oz2yasSyid LINROS&aa G2 YSSG LI NIAOA Lieyan@®of SELISO
compiling a European leukodystrophies databadd?2) The authors observe that the
patients/families willingly engaged in data sharing, which they believed was a collective and an
altruistic mission. The authors also report that the participants have a high levelsofirirthe
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constitution and use of the database by researchers but were equally vigilant over the conditions

use of the database. They wanted to be assured of compliance with the constitution and initial
consent. The authors write that they also wanted ® kept abreast with current information

especially with regard to potential partnership with the pharmaceutical industry for access to the
database. The authors report the reluctance of respondents with pharmaceutical partnerships,
GSOSy (K2dAKI S KBRI iINBOHEAK | LI NIYySNAKALI N8B ¢
expressing concerns over their motive to work for profit rather than for the benefit of the
patients.

4.1.4 Data Sharingrom Clinical Trials A Researclirunder'sPerspective

In order to maximize the data generated from clinical trials, a number of research funders
committed to ensuring that the data from published clinical trials can be accessed by
researchers so they can validate key findings, stimulate further inquiry, lédnthtely deliver
lifesaving result§113) While there is an overall, worldwide consensus that clinicalremllts

should be shared, also supported by the joint statement of the World Health Organization,
there is a need to overcome some of the challenges around data sharing, such as resources,
equity and incentives, in order to realize this vision. To tadkla sharing concerns, funders
need to support technical solutions to help researchers to access and (re)use data, but also
continue to ask them to include data management plans in their research proposals. However,
the biggest challenge to overcome, beirtgat researchers believe sharing can be
disadvantageous to them, funders must demonstrate the value of data sharing as well as other
outputs by taking them into account in the grant review process.

4.1.5 Blockchain to enable medical data to be stored artdansmitted safely and
effectively

An article published by thEuropean Commissidrighlights a European Commission funded

LINE 2SO0 SyGAGt SR Wa €14) Bisprojedt folasdmedhe dréatbn dfa | a 5 0
platform relying on the BlockChain technology, a system that aims to ensure data visibility to

the entire network of stakeholders and limit fraudulent usage. The platform gives the
opportunity to allow, deny or revoke ¢k access depending on the uses and preferences.
MHMD goal is to ensure safe transfer and storage of medical data between organizations and
individuals (giving patients the possibility to share their health data anonymously), thereby
also allowing for anasier access for patients and research institutions.

4.1.6 23andMe will resume selling health data

Previously, the Food and Drug Administration (FDA) had told the genetic testing company
23andMe to stop presenting health data. In late 2015, 23andMe haswarced that, with

FDA approval, it will begin providing customers with health information again, though in
different format as beforg¢115) The company provides carrier tests that relates to the risk of

LI 2aAy3 OSNIIFAY AYyKSNAGSR RA&SFaASa (2 2ySQ:
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mutation in the same gene and the child inherits batbtated genes. According to 23andMe
they have information on 36 diseases, including cystic fibrosis, sickle cell anemia and TaySachs.

4.1.7 The ethics of uncertainty in genomic medicine

Genomic medicine comes with a level of uncertaintyBMiC Medical Gemics, the authors
drafted a conceptual and ethical response to the question of how to conceive of and respond
to this uncertainty(116) The authors suggest that genomic testing should not be offered
merely as a means toeduce uncertainty; nor should uncertainty necessarily be framed
negatively or as something that should always be eradicated. Instead, they recommend that
the process of genomic testing should include an explicit consideration of uncertainty, both
before and after testing. This should not involve mere education to reduce uncertainty, but
encompass a richer engagement involving appraisal, adaptation and complex communication.

4.1.8 Implementation of rare disease patient coding across member states

In orderto analyze the level of implementation of rare disease patient coding across European
member states, a survey was conducted. The results take into account the responses of 21
member states. Even if there is only a small number of countries who have already
implemented strategies to produce statistics on rare diseases at a national level, many have
identified it as a priority. The survey indicates that rare disease patients are mostly coded in
health information systems by using a general coding system dobicfity/mortality, namely
ICD10. However, the Orphanet nomenclature emerge as the main coding system dedicated
to rare diseases in both inpatient and outpatient clinics.

4.2  Rare Diseases Research and Developmgbiagnosis (Goal 1)
4.2.1 Analgorithm to choose a diagnostic test for Mendelian disorders

Nextgeneration sequencing is changing the paradigm of clinical genetic testing, with
numerous tests available for clinicians to choose from.a#ticle published in Genetics in
Medicinedescriled the problems faced by the rampant implementationNGStechnology

and the current limitation in variant interpretation capabiliti€sl7) The authoremphasize

GKFG 2FFSNAY I bre orfidstOBANBSES NRABAYFRIA O | LILINR |
advisable before its full potential is addressed. The authors thus propose an algorithm to help
clinicians opt for the most appropriate molecular diagnostic tool for each scenario. This testing
algorithm, provided in the form of a flow diagram in the paper, may help increase the clinical
sensitivity of molecular testing and reduce the overall tegtwost and time to a diagnosis for

patients.

4,22 Long tail economics and rare disease research: the impact of next generation
sequencing for rare mendelian disorders
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An article published in Genetics Research discusses how next generation sequengifig$RiGS
research on rare diseases has come a long way and the effect of long tail economics on rare
diseases researdf118) The authors believe that the trend observed in rare disease research,
especially in terms of the developments in NGS, can benefit from the two themes derived from
long tailed economicsincreased access and reduced cost. They also detail the develogpment
bioinformatics that has led to the development of this enormous amount of data which in turn
required better curative and sharing efforts. The authors refer reduced cost to the reduction of
overhead costs by centralizing resources where the curativesharing efforts come in play.

They also address the issue of reimbursement that comes with the rising cost of sequencing.

4.2.3 Rethinking variant information linked to rare diseases

Largescale reference data sets of human genetic variation are essential for the interpretation

of DNA sequence changes. In amicle in Nature, one of the laest catalogues of human

protein coding region variants containing data from around 60,000 ichdals, performed by

the Exome Aggregation Consortiusmpresented119,120) They have identified more than

7.4 million variants and utilize the catalogue to calculate objective metrics for pathogenicity.
Additionally, the article reports that variants linked to rare diseases show up at a rate
implausibly comran rate in the population. In factvariants that supposedly cause rare
Mendelian disorders rarely supported pathogenicity. Thhe authors of the article believe

GKIFIG GKS G22f RS@OSt2LISR o0& GKSY FO04a ehd &L
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4.2.4 Participation in interdisciplinary meetings on genetic diagnostics

Collaboration is taught to be advantageous for obtairtimg bestgenetic diagnosijshowever,
which factors are of most importancéAn article published in thdournal of Human
Geneticdescribes how interdisciplinary collaboration between various services can
contribute to the success MGSdiagnosticg121) It highlights factors that could contribute

to successful interdisciplinary activities, namely coordination, pooling of resources, individual
learning aml role blurring.The article concludes, following linguistic analysis of transcripts of
interdisciplinary meetingghat improved communication is necessary to improve the efficacy
of these meetings.

4.2.5 Ethical debates: newborn screening in the private public domain?

Newborn screening is the process of systematically testing newborns just after birth for rare
and inheritable disease# study published in thdournal of Bioethicdiscusses issues and
viewpoints in the literature about voluntary and mdatory NBS prograrfi22) According to

the literature, soft impacts are assigned to the private domain when hard impacts are
considered worthyof policy concern and delegated to the public domain. The authors
highlight the added burden for parents regarding the difficult task of determining what is best
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F2NJ G0§KSAN ORHe sty Ehgn@ that KoSdndughksdpport is provided to parents
and that NBS does not give enough evidence to help them make an informed decision in most
cases. The authoitherefore encourage notions of solidarity, care, and trust as part of the
expansion of the NBS prograrto help respect the distinction between plib and private
domain as the responsibility of the decision remains in the hands of parents.

4.3  Rare Diseases Research and Developmghherapies (Goal 2)
4.3.1 The success of crowd funding campaigns

Are different ways of funding for developing rare disease drugs possible and successful? A
short study conducted by authors of an article published in The Lancet shows that crowd
funding - funding directly from the public through the internetmight represent a valuable
avenue to finance randomized control trigls23) Theauthors assessed the success rate of
the top online English crowd funding websites. Their results demonstrate that most crowd
funding projects reached their target, in fact even unsuccessful campaigns were able to raise
some funds, albeit a small percege of their target goal. According to the authors this
strategy might be "especially useful for pilot or phase 1 studies because funding from national
public agencies is insufficient or very competitive."

4.3.2 PatientFunded Trials: Opportunity or Liaki?

Patients are often involved in different aspects of drug development, including the funding of the
clinical trials. A review on patient funded trials published in Cell Stem Cell reviews the challenges
and opportunities, and argues that these patidahdedtrials in its current form need reform

(124) Patientfunded trials (PFT), refers to studies funded directly by patients seeking to enroll
in trials as participants. The author believes that "left unchecked, these interests catethrea

the ability of research to advance biomedical progress.” In PFTs, patient sponsors are strongly
motivated by the shorterm goal of access to new interventions and the profit motive shifts from
the sponsor to PFT clinics, which generate revenue diréctin the enrolment of participants
increasing patient exposure to the risks of unproven interventions. The authors provide some
key recommendations to policy makers to improve the situation for PFT such as a creating a
mechanism for scientific and ethicaversight of PFTs and consider whether accreditation
requirements for health care facilities could be used to encourage entities conducting PFTSs.

4.3.3 Orphan drug designations and approvals in the United States, the European Union,
and Japan

A comprehesive study published in Drug Discovery Today provides a review of orphan drug
designations and approvals since the implementation of orphan dgigl&ionin the United
States, the European Union and Jaga@5) The authors provide a list ofedignated and
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approved orphan drugs in the three regions, which they show has steadily increased over the
years, demonstrating the leverage of the orphan drug legislation. The authors also provide
comprehensive data on the type of applicants that have nes designations, their
therapeutic classifications (ATC code) and drug tyenall molecules have the highest
number of designations across regions. The authors also demonstrated that 800 designations
overlapped in the ~5000 designations granted in timee regions, the largest contributions
coming from the U.S, followed by the EU and Japan.

4.3.4 Profitability and market value of orphan drug companies

The high costs of orphan drugs las led people to wonder about the generosity of the incentives

for orphan drug development and associated company profits. A study publisHedOS

Onehas analyzed the profitability of companies producing orphan drugsuiopE and the

United States(126) The study found that companies receiving marketing authorization for

orphan drugs were more profitable and had a higher return on assets, commanding a higher
market value compared tnon-orphan drug companies. According to authors, these companies

receive many incentives due to the orphan drug legislation, spend lesser for research and
development, have neorphan indications and are priced at a level that is 6 times higher than
non-orphan drugs. The authors believe thiatli K & L2 f A OASad RANBOGSR (29
RNHZA RS@OSt2LISyid KI@S 62Ny SR G2 GKS SEGSyd Gf

4.3.5 Precision medicine: how is it changing for patients?

Precision medicinalescribes prevention, diagnosis and treatment that take into account
variability between people.An article published in thdournal of American Medical
Associatiorhighlights precision medicine current practice based pmrsonalizedgenetic
profiling fordiagnosis, risk assessment, andngsevidencebased medicing€127) The study

aims to show that precision medicine diagnosis and risk assessment is moving medicine
towards a deeper understanding of health and disease, wpaisonalizedyenetic profiling

and adapt thecourse of action for gatient. The main challenge f@recision medicine is to

be able to expand the individualized knowledge that can confidently be brought together,
moving beyond genomics and proteomics to include vwhiife and environment.

4.3.6 Should ultrarare diseases drugs be treated separatefn HTA perspective?

Many of rare diseases are in fact€@d- f f S R dN&fddrtitle pOblished in th©rphanet
Journal of Rare Diseasdhis distinction is assessed betweeltra-rare and more prevalent

rare disease drugs from health technology ssessmenviewpoint(128) In a case study they
compared submissions made to the Canadian Agency for Drugs and Technologies in Health
and found that ultrarare diseases drugs were more likely 'to be biologics, to have been
studied in uncontrolled clinical trials, to have a higher annual treatment cost per patient, to
have less robust evidenc&hey were alstess likely to include datadm at least one double
blinded randomized controlled trial and have smaller patient cohorts in clinical trials'. Finally,
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the authors found that ultraare diseases drugs were less likely to receive a positive
reimbursement recommendatigrand thereforethe authors believe that ultraare diseases

drugs could be viewed as a separate subgroup from an HTA perspective in order to reduce the
negative reimbursement recommendation.

4.4  Rare Diseases Research and DevelopmgAtcess (Goal 3)

4.4.1 Compassionate use of drugs and medical devices in the United States, the European
Union and Japan

Different geographies have different compassionate use prograigaper published in
Regenerative Therapgviewsthe current compassionate use meclisms,of the United States

the EU and Japaii29) The authors have provided and exhaustagsessment of the usage of
expanded access to drugs, medical devices and biologics in these countries. While the U.S and
the EU have mechanisms to be able to provide unapproved products. Japan lacks such schemes
and the drugs are mostly provided at thedistion of the physician, but the authors state that

they will be introducing a compassionate use program for the usage of unapproved products for
which patients are unable to enter into a clinical trial.

4.4.2 Possible reimbursement models for gene ttaries

Gene therapys generally a onéme treatment and in cases of rare diseases may pose a one
time cost, which is perceived to be very higls.an examplehe first gene therapy Glyberavas
priced at aroundJS$1 million per patient but hdtie potertial to be an efficacious treatment
and thus possibly cosffective but is meanwhile withdrawn from the markeAn article
published in Regenerative Medicine the authors discuss the challenges associated with gene
therapies and provide payment models fsustainable reimbursemen{l30) The payment
models described by the authors include-fupnt payment, annuitystyle payment, intellectual
property-based payment, funtbased payment. They recommend anntstyle paymentnodels

for highly pricedgene therapies as it "ensure(s) widespread patient access, award innovation,
spread costs and, if linked appropriately to health or socigcames, limit financial risk.
However, hey acknowledge that changes will need to be maolémplement this kind of
payment model in the current reimbursement system.

4.4.3 Quantifying benefitrisk preferences for new medicines in rare disease patients and
caregivers

LY GKS hNLKFYySG W2daNYyIf 27F wloNdleredbfvabue &hdraa A a |

choosing between hypothetical therapeutic options and to quantify both their beriskt
preferences and the influence of disease cont@@1pé¢ ! FGSNJ addzReAy3a | @I 1
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patients and informal caregivers the authors found that respondents attributed most importance
to drug response, risk of serious side effects, and the ability to condwel activities when
choosing a hypothetical treatment in contrast to attributes related to treatment modalities. They
were also willing to accept risks depending on the severity of their disease and access to
therapeutic options.

4.4.4 Getting to theroot of high orphan drug prices

The Commonwealth Fund, a private foundation that does research on healthcare issues,
published a report omssues related to high prescription drug prices and the actions that should
be taken to fix them and assure affordatdccess to medicatigii32) One of the drug types it
investigates are @han drugsThe report shows that high prices of orphan drug roation are

the result of markeexclusivity protections that give drug manufacturers time to recoup the costs
of developing treatments and to enable them to achieve a return on investriéet.
Commonwealth Funceport suggests different solutions that could help patients with a rare
disease to have access to affordable prices for orphan drugs.

4.4.5 Health Related Quality oLife among adults with rare disease

Most rare diseases related research is focused on etiology, treatment and care, with limited
research on HealtRRelated Quality of Life (HRQAR)study published in th®rphanet Journal of

Rare Diseaseshows the limitdion of HRQLresearch for patients with diverse rare disorders

(133) The study compares validated measures from the general population and people with
common chronic disease&ccording to the study, creating a social support network wihare

disease patients can exchange and meet may improve patients' quality of life by increasing their
knowledge on their disease and making them feel less isolated. At the moment, only a few
organizationgrioritize HRQL as a social support in theirpatie OF NE Yl y I 3SYSy i @
examination is that HRQL should be included in health agencies and rare disNBd Yy AT | G A2y
funding priorities to help improve HRQL for patients' care. The study states that it is an important
challenge for the wellbeingf rare diseaseatients, as they might not be cured during their

lifetime, so it remains crucial to also focus on their quality of life as well as new therapies.
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5. Infrastructures (September 2013une 2018)

5.1 BBMRIERIC recommends the developmentlmbbank-based Expert Centers

The Biobanking and BioMolecuRResource Research Infrastructure (BBMRI) has published a
review in the European Journal of Human Genetics on the rationale and the advantages of
aSGGAY3 dzLlJ 9ELISNI /SyidSNB Fa a1Se AyidaSNYSR
performing the analysis dfiological samples under internationally standardized conditions
(134p¢ LYy 9dzNRLIST .. awl ¢ gal flamewdiRiG R Edrdo&n / 2 YY
Research Infrastructure Consortium (ERIC). According to the review, BBMRIis a key

resource as the life science industry can rely on the samples provided by them throughout the
process from the early research stage up teghinical research as well as further clinical
development.

5.2  ELIXIR survey to address infrastructure needs of the rare disease community

ELIXIRan intergovernmental organization that brings together life science resources from
across Europe, addressé¢he infrastructure needs of the rare disease community as part of
their work packages, aiming to help create and maintain sustainable ELIXIR resources in the
long term. As part of this effort, they investigated the current usage and needs of the
community in terms ofinfrastructure (135) The investigation is focused on prioritizing the
most important bioinformatics tools, whateeds to be improved, and will ultimately lead to
better ELIXIR services adapted to the requirements of the community.

5.3  The EuroBioBank Network: its achievements and challenges

In an article published in European Journal of Human Genetics, the EuroBi{(iBRB) is
described as the "first operating network of biobanks in Europe to provide human DNA, cell
and tissue samples as a service to the scientific community conducting research on rare
diseasegl36)" The authors describe the EuroBioBanktvikek Charter, its principles of
partnership and conditions of entry for biobanks and biomaterials. The article reviews its
achievements, recognitions, publications prepared by EBB to date and their role in helping the
industry towards drug developmen®aticipation in RBConnect, an FP7 Eupported
platform linking RD biobanks, registries, and bioinformatics data, is also described.
Furthermore, the authors highlight their role in fulfilling the objectives of IRDIRC as they
provide work and expertise umd its umbrella. They also reflect challenges they have yet to
overcome, which include "lack of harmonization; lack of biomaterial and data sharing; lack of
recognition; and lack of sustainability.
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6. Transnationallnternational collaboration(September 2015
June 2018)

6.1  Cooperation between European Medicines Agency and Health Technology
Assessment bodies creates synergies

In 2010, the EMA and EUnetHTA initiated a collaboration based on a mandate of the High
Level Pharmaceutical Forum 200Bne objective of this collaboration is to identify and
undertake specific steps to improve the efficiency of the processes and conditions for patients'
timely access to an effective medicine. In 221715, the collaboration worked on a joint work
plan, forwhich the outcomes are now published in a rep(iB7) The report reviews the
organization of regular meetings of EMA and EUnetHTA representatives, the creation of
synergies between botbrganizationsthe sharing of experiences, and the efforts undertaken

to increase transparency. The autharste that collaboration of both organizations through

the life cycleof development and management of pharmaceuticals alrdathygs added value

in terms of finding concrete synergies in the processes.

6.2  Worldwide collaboration for orphan drug designation

In the United States, the European Union and Japan, incentives have been set out for the
development of treatments for rardiseases. In a review in Nature Reviews Drug Discovery, the
collaborations that the EMA has with other regulators, the FDA and PMDasignate orphan
drugs is describe(l38) Since the inception of the possibility of joint applications with the EMA
and the United States in 2007, the two agencies have worked together to understand areas of
similarity at the time of submission for an orphan drug designation.
The EMA also daborates with the PMDA, with some similarities with the scientific submission,
and some evidence of medical plausibility can be interchangeably used even though the
prevalence threshold in Japan is different to the one required in Europe. The authors hope for an
increase in the global approach towards orptmedicine,as it would mean grater benefits for

rare disease patients.

6.3 The importance of international collaboration for rare diseases researgha
European perspective

In order to advance rare diseases research, international collaboration is of vital importance.
Over the last tw decades, awareness of the importance of international collaboration has
risen and important contributions were made at national, European and international levels
to foster collaboration in rare diseases research and development. In an article in Gene
Therapy, the authors emphasize these contributions, and highlight several examples such as
coordination of funding agencies, academic researchers, companies, regulatory bodies, and
patient advocacyorganizationsand partnerships withEuropean infrastructureq139)
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Together, these collaborations are key to improve the life of rare disease patients, by
maximizing the impact of global investments in rare diseases research.

6.4 NORDFDA collaborate to collect natural history data on rare diseases

Natural history stdies are essential for the better understanding of rare diseases, and vital to
orphan drug development. In a collaboration between the FDA and the National Organization

for Rare Disorders (NORD), grants are awarded for the development of natural hisitigsst

for 20 rare diseasgd.40) According to NORD President and CEO Peter Saltonstall, this project
gAff aGlrO1tS 2yS 2F (GKS 3ANBFGSaid ySSRa I yR
community: having enough longitudinal data to help medical researchers better understand
howthesedi S aSa4 RS@St 2L) | yAR partIbiEh&gidBtANDRENGFOMNANd A Y S D ¢
patient groups will work together tdevelop a registry toolkit containing beptactice tools

and templates that will aid future organizations to initiate and conduct natuistbry studies

6.5 EMA and FDA reinforce collaboration on patient engagement

Partnering with patients in orphan drug development represents a relatively new way of
working that has inherent benefits throughout the research and development life cycle. In
order to expand further on patient engagement, the EMA and FDA have set up a new working
group to exchange best practic€$41) This working gnap will provide a forum to share
experiences and best practices on the way both agencies involve patients in development,
evaluation and posauthorization activities related to medicines. This is especially important
for rare diseases who show a high lewé engagement in providing real life experiences,
expertise as well as contributing to scientific discussion, of which rare disease patients are a
typical example.

6.6 New collaboration between Orphanetind NIHNCATS Genetic and Rare Disease
Information Center

In 2016, Orphanet and the NIH Genetic and Rare Diseases Information Center (GARD),
formally established a partnership. The aim of this partnership is to mutualize efforts so as to
provide the audiaeces of both sites with the most complete and-tgpdate information on

rare diseases. In a first step, the Orphanet and GARD nomenclatures are being aligned, so as
to allow crosgreferencing between the two resources. In a second step, summary texts from
Orphanet (along with a link to the relevant Orphanet disease page and the Orphanet logo) are
being included in GARD for the diseases for which GARD does not havéld 2¢k43)

This crossAtlantic partnership will improve the visibility bbth initiatives on the other sides
of the ocean.
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6.7  Shire, Microsoft and EURORRQF&are Diseases Europe formed a Global Commission
to accelerate the time to diagnosis for children with rare diseases

In order to address the diagnostic challenges for children living with a rare disease, a strategic
FEfAIKMODEI@®IE /2YYAaaArzy (02 9yR (GUKS 5AlF3Ay2a
partnership between Shire, Microsoft and EURORRA® Diseases Europd@44) This
initiative is a nalti-disciplinary group of experts with the creativity, technological expertise
and commitment required to make a major difference in the lives of millions of children and
their families. The Global Commission set out to develop an actionable roadmapptthke
rare disease field to reduce the mujtear diagnostic journey.
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Introduction and Methods

1. Introduction

The aim of this document is to provide an overview of the rare disease research landscape in
terms of research projects and clinical trials funded during the period-201@. The intention

of this document is to beascriptive, so as to provide a picture of what type of research, in which
medical domains and for which diseases has been funded during the period. This period starts
with the creation of IRDIRC and ends with a specific data collection performed towantsense

of IRDIRC funding research, at a moment IRDIRC set up its new goals for the next decade. By
doing that, this description will give a glimpse on trends and gaps of research on rare diseases.

2. Methods

2.1.Sources:

This document is based on three kinds dfirses:

1.
2.
3.

The Orphanet database
The World Health Organisation (WHO) ICTRP database of clinical trials
A proactive collection of research data from IRDIRC Funders members

The Orphanetlatabase of resources related to rare disease research: Orphanet offers,
amongst a range of expert resources on rare diseases, a catalogue of research projects
and clinical trials collected, qualified and curated by members ofDtihanet network

in their respective countries according 8iandard Operating ProcedureSrphanet is

the only research projects and trials database that is specific for rare diseases. A data
extraction was performed to obtain the research projects and CTs from January 2010 to
December 2017 included.

In order tocomplete its database of clinical trials (CTs) related to rare diseases both in
countries of the Orphanet network and funded imembers of IRDIR@ collaboration
hasbeen established between Orphanet and WHO, aiming at automatically iegiev

CTs specific for rare diseases by using the Orphanet nomenclature of rare disorders; CTs
are submitted for curation, qualification and validation to the Orphanet team to produce

an addedvalue database of CTs for rare diseases.

As many IRDIRC members are not located in a country covered by the Orphanet network,
a specific data collection campaign was conducted so as to have a complete list of
research projects and CTs financedRRIRC members. It was conducted by the IRDIRC
Scientific Secretariat in 2018 to cover the years from 2010 to 2017 includéBD2RC
funding membersave provided data on research projects and 20 on clinical trials.

2.2. Data and metadata production:
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https://www.orpha.net/consor/cgi-bin/Education_AboutOrphanet.php?lng=EN&stapage=ST_EDUCATION_EDUCATION_ABOUTORPHANET_NATIONAL_WEBSITES
https://www.orpha.net/orphacom/special/eproc_SOPs.pdf
http://www.irdirc.org/about-us/people-organisation/members-organizations/

Data was compiled and deduplicated. Metadata were produced including, for research projects:

The fact that the project is national or multinational
Funded by an IRDIRC member of not
The category of research projgeixcluding clinical trial$)which was secondarily used to
derive four large categories:
0 Basic research
o Preclinical research
o Clinical observational studies
o Other types of research (Health economics, sociological, epidemiological studies,
for instance)
The disease(s) targeted by tpeoject, using the Orphanet nomenclature, diseases-non
rare in Europe but rare in other parts of the world and present in the Orphanet database
for extraEuropean rare diseagelated activities representation purposes.
The dates of start and end
The factthe project is ongoing or terminated
The funding body
The country
The amount of total funding.

Forclinical trials CT%, metadata include:

The fact that the trial is national or multinational

Funded by an IRDIRC member of not

The category of the Cldrug development; medical device development, vaccine
development, interventional trial, protocol trial)

The phase of the CT

The disease(s) targeted by the project, using the Orphanet nomenclature, diseases not
rare in Europe but rare in other parts ofethvorld and present in the Orphanet database
for extraEuropean rare diseagelated activities representation purposes.

The name of the medical compound/drug being tested in the CTs

The dates of start and end

The fact the trial is ongoing or terminated

The fact it is recruiting or not

The sponsor

1 Categories includeGene search, Mutation search, Gene expression profile, Genptygrotype correlation, In vitro functional study, Animal
model creation/study, Human physiopathology study, -Eleical gene therapy, Pidinical cell therapy, Prelinical drug developmenttug
delivery, Preclinical vaccine development, Diagnostic tool/protocol development, Biomarker development, Medical device/instrumentation
development, Epidemiological study, Observational clinical study, Health sociology study, Health economicstsitidigaih study (excluding
health economics), Induced pluripotent stem cells (iPS) creation/study, Natural history study, Drug repurposing, Smé#l sooésming,
Biotechnology innovation, Ontology/bioinformatics study, Outcome measures developme@RISRRas9 study, Biorepositories
development/creationPatabases & Registries development/creation
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- The country
- The amount of total funding.

wSAaSINDK LINP2SOGa FyR /¢a YSGlRIFGF NBI dza NS &
data

2.3.Limitations:

Data collected in each Orphanet country cannot be casd as perfectly exhaustive despite

the best efforts to achieve maximum comprehensiveness, for it relays on the willingness of data
sources and of investigators to share and update their data. As seen above, not all IRDIRC
members have provided their datand therefore research funded by the whole consortium
could not be represented.

Qualifying and quality controlling data from countries outside the Orphanet network was
performed by one fultime person in IRDIRC Scientific secretariat working with Owgtha

| 26 SOSNE RIGF O2YAYy3 FNRBY (KS b /adalyzécbetailsk 2 y I f
of the number of projects was too large to bealyzedn the timeframe of the preparation of

this report: whereas NCI research projects were included fiaf tesearch projects counts, they

had to be excluded from all the other analyses. However, clinical trials funded by the NCI have
been included for analysis.

Start and end dates collection was inhomogeneous and did not allow for a proper analysis of
research over the time. No such an analysis is provided in this document.

Data on amount of funding was lacunar and difficult to exploit (several currencies, heterogeneity
of reporting methods amongst the funders). No financial analysigpedsrmed.

3. Results

3.1. Data selected.

11294 research projects were collected, of which 4566 were funded by the NCI and could only
be counted for the medical domain analysis. For the reasons exposed above, they had to be
excluded for further analysis. 6728 easch projects from 31 countries were kept for analysis
after curation once the NCI is not taken into account. 92% of them were national, multinational
projects representing only 8% of them. Thirteen percent were funded by IRDIRC members.
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RESEARCH PROJECTS

® Multinational = National

4871 clinicktrials were collected from 35 countries. Feggven were multicentric and 52% were
national, this information was lacking for 1%. Eigiwg percent were funded by funders that
are not members of IRDIRC. IRDIRC members funded 18% of CTs.

CLINICAL TRIALS

®m Multi-centric ® National m Not defined
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3.2. Analysis of research projects
3.2.1. Distribution by medical domain

When including the NCI to the analysis, the first medical domain for which research is conducted
is oncology (47%), followed by neurology (21%) and developmental defects (8%).

Distribution of research projects by medical domain

B Rare neurologic disease

m Rare developmental defect during
embryogenesis

m Rare neoplastic disease

® Rare inborn errors of metabolism

m Rare ophthalmic disorder

m Rare respiratory disease

B Rare systemic or rheumatologic
disease

m Rare infectious disease

B Rare bone disease

m Rare hematologic disease

m Rare endocrine disease

B Rare immune disease

m Rare skin disease

H Rare renal disease
= Rare cardiac disease

m Rare disease

In comparison, the pie below represents the percentage of all rare diseases by medical domain:
32% of all RD are developmental anomalies, 16% are neurological diseases and 8% are rare
cancers. Overall, about half of all RD research projects concentrated@amain that represents
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8% of all RD. The coverage of rare diseases globally and by medical damalywiscat the end
of this section.

Distribution of disorders by medical domain

m Rare developmental defect during
embryogenesis

m Rare neurologic disease

m Rare neoplastic disease

m Rare skin disease

m Rare inborn errors of metabolism

u Rare bone disease

m Rare ophthalmic disorder

m Rare endocrine disease

B Rare hematologic disease

m Rare infectious disease

B Rare systemic or rheumatologic
disease

m Rare immune disease

m Rare renal disease

When dividing the countries in three geographical areas (North America, Europe and Eastern
countries) ve obsewe the following distribution by medical domain:

In NorthAmerican countries (US and Canada) rare cancers come in the first place when the NCI
is considered, whereas in Europe and in Eastern countries the two first studied medical domains
are neurology ad developmental anomalies (dysmorphology). However, when excluding the
NCI, NortkAmerican countries follow the same distribution than in Europe: neurology comes
first (41%), then dysmorphology (14%) and oncology (13%). Inborn errors of metabolism is the
fourth sector in Western countries. Eastern countries show a slightly different distribution: if
neurological diseases and developmental anomalies are the two most studied domains, the third
one is rheumatic and systemic diseases. No research project ®caacers has been mapped

in Eastern countries within the funding bodies studied.
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Distribution of research projects by medical domain and geographical

area
8000
7000
6000
5000
4000
3000
2000
1000
) —
Europe Eastern countries North America
B Rare neurologic disease B Rare developmental defect during embryogenesis
m Rare neoplastic disease ® Rare inborn errors of metabolism
H Rare respiratory disease m Rare systemic or rheumatologic disease
m Rare ophthalmic disorder m Rare hematologic disease
m Rare infectious disease m Rare renal disease
B Rare immune disease H Rare bone disease
m Rare cardiac disease m Rare endocrine disease
m Rare skin disease m Rare disease
m Rare hepatic disease m Rare gastroenterologic disease
m Rare otorhinolaryngologic disease m Rare circulatory system disease
m Rare infertility m Rare gynecologic or obstetric disease
m Rare genetic disease/Undiagnosed mND

m Rare odontologic disease

ND is used to designate projects on conditions not related with. Particular medical domain (i.e. on consequences of
transplantation)
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3.2.2. Distribution by type of research

Globaly, almost half of the research projects were basic research. This encompasses genes and
mutations search, functional studies, physiopathological studies, animal model creation or study,
basic research conducted to develop biomarkers, iPS creation oratddyn use of CRISERS9
techniques. 2380 projects (34%) were qofmical research projects, including gene or cell
therapy preclinical studies, drug development or drug repurposing, small molecules screening,
vaccine development, medical devices depehent, diagnostic tools/methods, and
biotechnology innovation. 11% of the projects were observational studies or natural history
studies, whereas 6% encompasses epidemiological, public health, health sociology, health
economics studies, databases/regiesirepositories creation or development, studies on
ontologies or bioinformatics and outcome measures development.

GLOBAL DISTRIBUTION BY CATEGORY

m Basic research ® Pre-clinical research m Clinical-observational m Other

When comparing geographical areas, some differences can be observed as shown in the pies
below:
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EUROPE : DISTRIBUTION BY CATEGORY

m Basic research m Pre-clinical research m Clinical-observational m Other

NORTH AMERICA: DISTRIBUTION BY
CATEGORY

m Basic research m Pre-clinical research m Clinical-observational m Other

EASTERN COUNTRIES: DISTRIBUTION BY
CATEGORY

Hm Basic research ® Pre-clinical research m Clinical-observational m Other
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3.2.3. Type of research projects by edical domain

In most medical domains, most of the research is basic research. However, a significant part of
funded research is prelinical research for neurological, neoplastic, infectious and endocrine
diseases, whereas in ophthalmology andhinorn errors of metabolism prelinical research is
predominant.
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Distribution of categories of research projects by medical domain
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Research category by medical domain; %
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3.2.4. Disease coverage.

For the analysis of disease coverage, clinical entities (groups, disordesiltypes) were
considered indifferently, the procedure for linking rare disorders being that the most granular
level should be chosen. Projects linked to groups are, in general, not meant to be projects specific
for each one of the diseases included ie tiroup, but on the group globally. As far as only one
research project by clinical entity is considered for this indicator, and the total number of clinical
entities is taken as the denominator, the eventual bias of this mode of calculation on the results
iS minimized.

Only 22% of all clinical entities are covered by research projects. The proportion of clinical entities
covered per medical domain varies considerably from between medical domains: research on
rare cardiac diseases (which represent 0,7%llofare diseases) is 47%, whereas only 13.6% of
rare developmental defects (counting for 32% of all rare diseases) are covered. Neurological
diseases are covered at 31%; they count for 16% of all rare diseases, and are the second most
numerous groups ofare diseases after developmental defects.

Distribution of research projects by disease is Halj with some diseases concentrating up to
403 projects and others as little as 1.

Globally, the five diseases for which the research projects are more lousare, in decreasing
order: amyotrophic lateral sclerosis, Huntington disease, Duchenne muscular dystrophy, Cystic
fibrosis and glioblastoma.

When comparing geographical areas, the -fiye diseases re, for Europe, Cystic fibrosis,
Amyotrophic laterakclerosis, Huntington disease, Duchenne muscular dystrophy and retinitis
pigmentosa. For NortAmerican countries, they are: Amyotrophic lateral sclerosis, Huntington
disease, glioblastoma, Duchenne muscular dystrophy and retinitis pigmentosa. For Eastern
countries, the five diseases with funded research are Amyotrophic lateral sclerosis, Duchenne
muscular dystrophy, rare diseases in general (including registry creation and undiagnosed, rare
and intractable diseases research programs), Multiple systengplagrand retinitis pigmentosa.
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Number of clinical entities with at least one research project vs total number of clinical entities
by medical domain
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Percentage of clinical entities with at least one research roject vs total number of clinical entities
by medical domain
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3.3. Analysis of clinical trials
3.3.1. Distribution by medical domain

About half of all CTs (49%) involve rare cancers, the other half being distributed amongst the rest
of clinical domains. Rare neurological diseases and rare respiratory diseases come far behind,
with 8% and 7% of all CTs respectively.

Distribution of CTs by medical domagiobally

B Rare neoplastic disease

m Rare neurologic disease

m Rare infectious disease

m Rare respiratory disease

B Rare hematologic disease

u Rare systemic or rheumatologic
disease

m Rare inborn errors of metabolism

B Rare ophthalmic disorder

m Rare endocrine disease

m Rare developmental defect during
embryogenesis

B Rare immune disease

m Rare skin disease

B Rare hepatic disease

m Rare renal disease

Rare gastroenterologic disease

The same trend is observed in the three geographical areas studied, as shown in the figure below:
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Distribution of CTs by medical domain per continent
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m Rare ophthalmic disorder m Rare immune disease
m Rare endocrine disease | Rare skin disease
B Rare hepatic disease B Rare renal disease
Rare gastroenterologic disease m Rare bone disease

m Rare disorder with RCH resources uncovered otherwiBare cardiac disease

B Rare gynecologic or obstetric disease B Rare urogenital disease

3.3.2. Distribution by type and phase of clinical trials

The vast majority of clinical trials were conducted for testing drugs, followed by those comparing
treatment protocols. Other kinds of interventions, trials on cell therapy or vaccines represented
3% of all CTs each, getherapy and medical device being the focus of 2% of all CTs each.
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Distribution of CTs by category

%

3027
3%

3%

m Drug clinical trial m Protocol clinical trial m Interventional
m Cell therapy clinical trial m Vaccine clinical trial m Gene therapy clinical trial

m Medical device clinical trial

When comparing geographical areas, the predominance of drug CTs is confirmed in all of them,
the only important difference being a larger number of interventional CTs in Eastern esuntri

Comparison between continents respect to CTs categories

Europe

199

1089

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

® Drug clinical trial m Protocol clinical trial m Cell therapy clinical trial
m Vaccine clinical trial m Medical device clinical trial Gene therapy clinical trial

H Interventional
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Most CTs were in the intermediate phases of development (Il and Ill) as shown in the figure
below. Less than 5% of all CTs are in advanced phases of development.

Distribution of CT by phase

2000
1800
1600
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1000
800
600
400 I
200
0 .
N S S O N

When comparing the phases of development of treatments versus the typeaiment (type

of CT), we see that gene therapy is, overall, in early phases of developrigiugl to 80% of

CTs), cell therapy achieving phase Il studies in the considerable number of cases (33%). Most drug
and protocol CTs are in phase Il (41% 5% 4espectively) and phasdlllor Il of development

(29% and 30% respectively).

N
N

Distribution of phases of development by type of CT

Drug ciinical tria! [
Protocol cinical tria | S
interventiona! NN e e
Celltherapy clinical tria! N S S
Vacine clinical tiz) [ s e I
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m| mI-ll =i m-1 =i =-v =1V mNot Applicable m Pilot ® Unknown
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3.3.3. Types of CTs by medical domain

The graphic below shows the distribution of categories of CTs per medical domain. Not
surprisingly, drug clinical trials and protocolsG&present the vast majority of trials in all the
domains.

Distribution of CTs categories by medical domain
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In order to identify the areas in which innovative therapies are being tested in clinical trials, we
FyrfeaSR GKS /¢a o0& YSRAOIET R2YFAY FT2N 6KS Ol

CTs on gene therapy are conducted for rare cancers (in 36% of cases), followed by rare
ophthalmic diseases (21%) and rare immune diseases (11%), as shown in the figure below:

Gene therapy clinical trial by medical domain

® Rare neoplastic disease

m Rare ophthalmic disorder

m Rare immune disease

m Rare hematologic disease

m Rare inborn errors of metabolism
m Rare neurologic disease

® Rare infectious disease

m Rare skin disease

B Rare hepatic disease

W Rare respiratory disease

79



Thirty-four percent of cell therapy CTs are conducted for raamcers, followed by rare
neurological diseases (14%) and rare immune diseases (13%).

Cell therapy clinical trials by medical domain

m Medical domain

B Rare neoplastic disease

m Rare neurologic disease

B Rare immune disease

m Rare hematologic disease

m Rare skin disease

B Rare infectious disease

m Rare respiratory disease

m Rare systemic or rheumatologic

disease

m ND

3.3.4. Disease coverage.

/] ¢aQ RAaASIaS O20SNI IS Aad RSTAYSR | atypgsiifo SNI 2 7
which there is at least one CT. For the asiglyof disease coverage, clinical entities (groups,
disorders and subypes) were considered indifferently, the procedure for linking rare disorders

being that the most granular level should be chosen. CTs were linked to groups when no detailed
inclusion diteria were given in terms of specific diseases covered. As far as only one CT by clinical
entity is considered for this indicator, and the total number of clinical entities is taken as the
denominator, the bias of this mode of calculation on the regssltminimized.

Only 10.8%% of all clinical entities are covered by clinical trials. The proportion of clinical entities

covered per medical domain varies considerably between medical domains: CTs on rare cancers
(which represent 7,6% of all rare diseasiss}#8%, whereas only 1.9% of rare developmental
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defects (counting for 32% of all rare diseases) are covered. Hematological diseases are covered
at 22,4%; they count for 4,5% of all rare diseases.

Distribution of CTs by disease is ldat), with some disases concentrating up to 338 CTs and
others as little as 1.

Globally, the five diseases for which the CTs are more numerous are, in decreasing order:
Multiple myeloma, Acute myeloid leukemiacBll chronic lymphocytic leukemia, Glioblastoma
and Diffusedrge Bcell lymphoma. Cystic fibrosis follows at tHegbsition.

When comparing geographical areas, the-fMe diseases are, for Europe, the same than those
listed above, Cystic fibrosis being the first rmoplastic disease and appearing at tifepiace

(95 CTs). For NodAmerican countries, they are: Multiple myeloma, Acute myeloid leukemia,
Glioblastoma, Diffuse larged@ll lymphoma and Malignant tumor of Fallopian tubes. Again, the
first nonneoplastic disease is cystic fibrosis, appearindhatd position (29 CTs). For Eastern
countries, the five diseases with funded CTs are Acute myeloid leukemia, Multiple myeloma,
cystic fibrosis, malaria and Chronic myeloid leukemia.
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Number of clinical entities with at least one CT vs total number of clinical entities by medical

domain

Rare neoplastic diseasdilE ———

R NEUI0l0GiC Ui S € S s

Rare skin diseasciim—

Rare systemic or rheumatologic disea s

Rare hematologic diseasdimm

Rare developmental defect during €Mi0ry0 Qe N S s
Rare ophthalmic disorder Ba—

Rare skin diseascilm——

Rare infectious diseas €
Rare respiratory diseascllmmm
Rare renal disease s
Rare ophthalmic disorder la——
Rare hepatic diseasclmm
Rare bone diseasti——
Rare hepatic diseasclmm
Rare gastroenterologic diseasémmmm
Rare cardiac diseastmm
ND
Rare gynecologic or obstetric diseasg
Rare circulatory system diseasg
Rare abdominal surgical diseasg

Rare urogenital diseasg

0 500 1000

m Total clinical entities with CTs m Total clinical entities

1500

2000

2500

3000

82



Percentagef clinical entities with at least one CT vs total number of clinical entities by medical
domain
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4. Finalremarks

This document was intended to depict the research landscape on rare diseases between 2010,

date of the creation of IRDIRC, and 2017, year in which IRDIRC adopted its new goals at the
horizon 2027. It gives an insight on the fields in which thestment is more important, and as

a consequence, reveals the enormous gap still to fill in research: there are only 11% of rare

diseases for which clinical trials are conducted, and 22% of rare diseases for which there is some
kind of research, from basito preclinical, observational or other types of studies).

The comparison of medical domains with regards to the big categories of research: basic, pre
clinical and clinical, shown in the figure below, allows for the detection of medical domains in
which research is turned on understanding diseases and searching for causes (like in
developmental defects) and those in which an active-giaical research is perhaps ready for
translational approaches, like neurology. Others, like oncology, are moreteie¢o find or
improve therapies and protocols through clinical trials.

It is out of the scope of this document tmalyzedisease by disease, group by group, what is
going on in research. However, it gives a taste of how cobklmossible to dissect diseases and
groups, to unveil the promises and the deawlds. This should be made possible by providing
data and tools to perform fingrained analysis.
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Annex |: Overview of members thaubmitted information on research project:
and clinical trials

Organization Project data Clinical trial data
received received
Western Australian Department of Health ~ Not Sent NA
Rare Voices Australia NA NA
European Organisatiofor Treatment & NA OK
Research on Cancer, EORTC
Canadian Institutes for Health Research, CIH OK NA
Genome Canada OK NA
Canadian Organization for Rare Disorders, NA NA
CORD
BGI OK NA
Chinese Organization for Rare Disorders, COl NA NA
ERareConsortium OK OK
European CommissionDG Research and  OK OK
Innovation
Rare Diseases Eurog8JRORDIS NA NA
Agence Nationale de la Recherche, ANR OK NA
Academy of Finland OK NA
French Muscular Dystrophy Association, AFN OK OK
Téléthon
FrenchFoundation for Rare Diseases, FMR OK NA
Lysogene NA OK
Children's New Hospitals Management Group OK NA
Federal Ministry of Education and Research, OK Not Sent
BMBF
I-ORD NA NA
ORDI NA NA
Shire NA Not Sent
Chiesi Pharmaceutici NA OK
Istituto Superiore de Sanita, ISS OK NA
Telethon Foundation OK OK
Japan Agency for Medical Research and OK OK
Development, AMED
Advocacy Service for Rare and Intractable NA NA
Diseases' multstakeholders in Japan, ASrid
National Institutes of Biomedical Innovation, Not Sent NA
Health and Nutrition, NIBIOHN
Saudi Human Genome Project OK NA
Netherlands Organisatiofior Health Research OK OK

and Development, ZonMw
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Rare Diseases South Africa
Korea National Institute of Health, KNIH
National Institute of Health Carlos IlI, ISCIII

National Institute for Health Research, NIHR

Food and Drug Administration, FDA

National Organization for RarBiseases, NORL
NIH- National Cancer Institute, NCI

NIH- National Center for Advancing
Translational Sciences, NCATS
NIH- National Eye Institute, NEI

NIH- National Human Genome Research

NIH- National Institute for Child Health and
Human Development, NICHD
NIH- National Institute of Arthritis and
Musculoskeletal and Skin Diseases, NIAMS
NIH- National Institute of Neurological
Disorders and Stroke, NINDS

Recursion Pharmaceuticals

Roche
Ultragenyx
Loulou Foundation

Cydan I

Genetic Alliance
Sanofi- Genzyme
Global Genes
lonis Pharmaceuticals

Institute, NHGRI

NKTTherapeutics

Pfizer
PTC Therapeutics

Sanford Research

NA
OK
OK
NA
NA
OK
OK
NA
OK
NA
NA

NA
NA

NA
OK
OK

OK
OK

OK

OK

OK

NA

NA
NA
NA
OK

NA
NA
NA
OK
OK
NA
OK
NA
OK
NA
Not Sent

NA
Not Sent

NA
OK
OK

OK
OK

OK

OK

OK

Not Sent

Not Sent
Not Sent
NA
NA
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